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Editorial

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

Dear readers

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

The knowledge about Material Sciences, 
Manufacturing Processes and the tools that are 
required for Manufacturing have always played a big 
role in the growth of engineering Industry all over 
the world and have a direct and indirect impact on 
the progress of human life as well.

We are discussing the activities  of manufacturing 
and their  progress  in the first article on ‘Basics of 
Manufacturing activities’

We are very much familiar with various  plastics 
items being used  in our day-to-day life. This material 
has become popular as it  allows  to be cast, pressed, 
or extruded into a variety of shapes—such as 
films, fibers, plates, tubes, bottles, boxes, and much 
more. The article “Plastics in Automotives“  gives an 
overview about the plastic materials, their types and 
increasing use of them in automobile industries.

Engines of automobile is a very crucial part sustaining 
stability and heat More are more efforts are being 
taken to use plastics for engine blocks also. We 
are discussing this innovative and new developing 
technology in our next article on “Plastic engine set 

for debut in Norma M-20concept car”. No wonder 
we will see full Plastic made light weight car on roads 
in near future.

From the time of ancient civilization there have been 
many efforts made for developing  user-configurable 
automated devices and even automatic machines, 
resembling animals and humans, designed primarily 
as entertainment and steadily for doing various tasks 
that human do. They are now termed as Robots,  
sophisticated devices which are performing, those 
repetitive and dangerous tasks which humans prefer 
not to do, or are unable to do due to various reasons. 
We are discussing this very interested topic in our 
next article on Robo Technology.

With the development of technology man has also 
given birth to the dragon called Pollution. We must  
understand reasons of pollution and  take care of this 
mother earth, save against pollution and maintain it, 
for our next generations to come. We have discussed 
this topic in the earlier issue, we are once again giving 
further insight to this very sensitive subject in part II 
Dear friends, we hope, you are finding the subjects 
interesting, informative and helpful to you.

We anxiously await your contribution and feedback 
to make this journal more interesting and meaningful 
to all of us.
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Basics of Manufacturing activities

- Prasad Magar
E-mail: 

Before I discuss more about the manufacturing Processes in details it is essential to know basics of 
Manufacturing processes, and the relationship between Product design process, Material Sciences and 
Procedure of selecting manufacturing processes for various products and materials. 

In this article we shall see, 
1) History of Manufacturing and Industrial Revolution Industrial revolution.
2) Product Development and Design Process.
3) Role and Importance of Material Properties.
4) Procedure to select the Manufacturing Process.

From the ages, human being has always worked upon and developed the knowledge about the Materials, 
the Sources of Energy and the Manufacturing Processes. It is said that “NEED” is the cause of “Invention” and 
this is how based on our needs, available resources and the knowledge, human has transformed world from 
Stone age to Metal age and from that to the today’s modern world of 21st century.

The knowledge about Material Sciences, Manufacturing Processes and the tools that are required for 
Manufacturing have always played a big role in the growth of Engineering Industry all over the world and 
have a direct and indirect impact on the progress of Human life as well.

Today our life is full of Products.
Everything that we use and see today such as a simple Pencil, Motor Bike, Motor Car, even a Bicycle is an 
Engineering Product.

(Fig.1)
Engineering Products
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Today Manufacturing is one of the biggest industries of the world and has a direct impact and a noticeable 
control on the world’s economy.

Manufacturing can very easily described as the processes and techniques of converting the raw material into 
the finished final product.

For Example- As shown below the Minerals extracted from Ore are converted into the raw Metals by 
using a specific manufacturing process and this raw metal is converted into a final product using another 
manufacturing processes.

(Fig.2)

Metals (Such as Iron, Aluminium, Copper etc) are widely used for various industrial and domestic products 
and applications, hence before we start the discussion of the manufacturing processes; it will be interesting 
to know how the metals are extracted from Earth and converted to final product.

Stage 1- Extraction of minerals and ores of metals

    

(Fig.3)
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Stage 2- Extarcting the Raw Metal from Minerals and Ores

    

(Fig.4)

Stage 3- Covering the Raw Metal to Pure Metals 

   

(Fig.5)
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Stage 4- Converting them to Primary forms usable 
in industry such as Ingots and Billets

    

(Fig.6)

Stage 5- Converting them to final products 

(Fig.7)

Today the manufacturing industry is using all the 
available knowledge and the latest technologies 
for producing the products with highest quality. 
Producing high quality products with minimum cost 
and time is the main goal of manufacturing industry. 
Automated machines and Robots, Automated 
assembly lines and automated inspection testing is 
taking place in factories.

Before we see the further details of today’s 
manufacturing Industry, let us see the manufacturing 
scenario in the past and the Industrial revolution.

(1) History of Manufacturing and Industrial 
Revolution:

Britain: Birthplace of the Industrial Revolution

Before the advent of the Industrial Revolution, most 
people resided in small, rural communities where 
their daily existences revolved around farming. Life 
for the average person was difficult, as incomes were 
meager, and malnourishment and disease were 
common. People produced the bulk of their own food, 
clothing, furniture and tools. Most manufacturing 
was done in homes or small, rural shops, using hand 
tools or simple machines.

A number of factors contributed to Britain’s role as 
the birthplace of the Industrial Revolution. For one, it 
had great deposits of coal and iron ore, which proved 
essential for industrialization. Additionally, Britain 
was a politically stable society, as well as the world’s 
leading colonial power, which meant its colonies 
could serve as a source for raw materials, as well as a 
marketplace for manufactured goods.
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As demand for British goods increased, merchants 
needed more cost-effective methods of production, 
which led to the rise of mechanization and the 
factory system.

Industrial Revolution

The Industrial Revolution, which took place from the 
18th to 19th centuries, was a period during which 
predominantly agrarian, rural societies in Europe 
and America became industrial and urban. Prior to 
the Industrial Revolution, which began in Britain in 
the late 1700s, manufacturing was often done in 
people’s homes, using hand tools or basic machines. 
Industrialization marked a shift to powered, special-
purpose machinery, factories and mass production. 
The iron and textile industries, along with the 
development of the steam engine, played central 
roles in the Industrial Revolution, which also saw 
improved systems of transportation, communication 
and banking. While industrialization brought about 
an increased volume and variety of manufactured 
goods and an improved standard of living for some, 
it also resulted in often grim employment and living 
conditions for the poor and working classes.

Innovation and Industrialization

The textile industry, in particular, was transformed 
by industrialization. Developments in the iron 
industry also played a central role in the Industrial 
Revolution. In the early 18th century, Englishman 
Abraham Darby (1678-1717) discovered a cheaper, 
easier method to produce cast iron, using a coke-
fueled (as opposed to charcoal-fired) furnace. In 
the 1850s, British engineer Henry Bessemer (1813-
1898) developed the first inexpensive process for 
mass-producing steel. Both iron and steel became 
essential materials, used to make everything from 
appliances, tools and machines, to ships, buildings 
and infrastructure.

The steam engine was also integral to industrialization. 
In 1712, Englishman Thomas Newcomen (1664-1729) 
developed the first practical steam engine (which 

was used primarily to pump water out of mines). By 
the 1770s, Scottish inventor James Watt (1736-1819) 
had improved on Newcomen’s work, and the steam 
engine went on to power machinery, locomotives 
and ships during the Industrial Revolution.

Transportation and the Industrial 
Revolution

As steam-powered ships were making their debut, 
the steam locomotive was also coming into use. In 
the early 1800s, British engineer Richard Trevithick 
(1771-1833) constructed the first railway steam 
locomotive. In 1830, England’s Liverpool and 
Manchester Railway became the first to offer regular, 
timetabled passenger services. By 1850, Britain had 
more than 6,000 miles of railroad track. Additionally, 
around 1820, Scottish engineer John McAdam (1756-
1836) developed a new process for road construction. 
His technique, which became known as macadam, 
resulted in roads that were smoother, more durable 
and less muddy.

Communication in the Industrial Revolution

Communication became easier during the Industrial 
Revolution with such inventions as the telegraph. 
In 1837, two Brits, William Cooke (1806-1879) and 
Charles Wheatstone (1802-1875), patented the first 
commercial electrical telegraph. By 1840, railways 
were a Cooke-Wheatstone system, and in 1866, 
a telegraph cable was successfully laid across the 
Atlantic. 

Industrialization Moves Beyond Britain

The British enacted legislation to prohibit the export 
of their technology and skilled workers; however, 
they had little success in this regard. Industrialization 
spread from Britain to other European countries, 
including Belgium, France and Germany, and 
to the United States. By the mid-19th century, 
industrialization was well-established throughout the 
western part of Europe and America’s northeastern 
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region. By the early 20th century, the U.S. had 
become the world’s leading industrial nation.

(2) Product Development and Design 
Process:

Before we see the Manufacturing processes, let us 
have a look at a Product design procedure.

(1) Functional requirements: Every product has its 
own functional requirements i.e. it must perform 
certain specific function during its usages hence 
Product design begins with understanding and 
defining the Functional requirements of the Product.

(2) Design requirements: After deciding the 
Functional requirements, Product designers define 
and decide the Design requirements of that product.

(3) Development of Conceptual design:  After 
defining the requirements, they create a conceptual 
design of the product, may be more than one.

(4) Material selection: Based on Functional 
requirements, Design requirements, Cost 
Requirements, Manufacturability of the material, 
Properties of the material and availability of the 
material, an Optimum Material is selected for the 
product.

(5) Optimum design: Considering several factors 
such as, functional and other requirements, 
Costing against material and manufacturing 
process, suggestions from Marketing and product 
development department etc they select an 
Optimum design out of all the several options.

(6) Mechanical design process: Based on physical 
properties of the material, working conditions of the 
product and the mechanical design of the product is 
finalized.

(7) Selection of manufacturing process: Considering 
the factors such as properties of the material, 
Manufacturing cost, Time and number of product to 
be produced an Optimum method of manufacturing 

is selected.

(8) Manufacturing Drawing:  Manufacturing 
drawings are produced.

(9) Start of actual Production.

Product Development and Design Process

(Fig. 8)

(3) Role and Importance of Material 
Properties:

The Materials that were used for making several 
products are also transformed from time to time. 

Materials science and engineering plays a vital role in 
this modern age of science and technology. Various 
kinds of materials are used in industry, housing, 
agriculture, transportation, etc. to meet the plant 
and individual requirements. The spectacular success 
in the field of space is primarily due to the rapid 
advances in high-temperature and high-strength 
materials.

The selection of a specific material for a particular 
use is a very complex process. However, one can 
simplify the choice by studying the details about,
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(i) Operating Parameters, 
(ii) Manufacturing processes, 
(iii) Functional requirements and 
(iv) Cost considerations.

 
Factors affecting the selection of materials are summarized in Table 1

(Table 1)

There are thousands and thousands of materials available and it is very difficult for an engineer to possess a 
detailed knowledge of all the materials. However, a good grasp of the fundamental principles which control 
the properties of various materials help one to make the optimum selection of material. In this respect, 
materials science and engineering draw heavily from the engineering branches, e.g. metallurgy, ceramics 
and polymer science.

While selecting materials for engineering purposes, properties such as impact strength, tensile strength, 
and hardness indicate the suitability for selection but the design engineer will have to make sure that 
the radiography and other properties of the material are as per the specifications. One can dictate the 
method of production of the component, service life, cost etc. However, due to the varied demands made 
metallic materials, one may require special surface treatment, e.g. hardening, normalizing to cope with 
the service requires. Besides, chemical properties of materials, e.g. structure, bonding energy, resistance 
to environmental degradation also effect the selection of materials for engineering purposes. In recent 
years polymeric materials or plastics have gained considerable popularity as engineering materials. Though 
inferior to most metallic materials in strength and temperature resistance, these are being used not only 
in corrosive environment but also in the places where minimum wear is required, e.g. small gear wheels, 
originally produced from hardened steels, are now manufactured from nylon or Teflon. These materials 
perform satisfactorily, are quiet and do not require lubrication.

Thus, before selecting a material or designing a component, it is essential for one to understand the 
requirements of the process thoroughly, operating limitations like hazardous or non-hazardous conditions, 
continuous or non-continuous operation, availability of raw materials as well as spares, availability of 
alternate materials vis-a-vis life span of the instrument/equipment, cost etc. 

Different materials possess different properties to meet the various requirements for engineering purposes. 
The properties of materials which dictate the selection are as follows:
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(a) Mechanical Properties
The important mechanical properties affecting the 
selection of a material are:

(i) Tensile Strength: This enables the material 
to resist the application of a tensile force. To 
withstand the tensile force, the internal structure 
of the material provides the internal resistance.

(ii) Hardness: It is the degree of resistance to 
indentation or scratching, abrasion and wear. 
Alloying techniques and heat treatment help to 
achieve the same.

(iii) Ductility: This is the property of a metal by 
virtue of which it can be drawn into wires or 
elongated before rupture takes place. It depends 
upon the grain size of the metal crystals.

(iv) Impact Strength: It is the energy required per 
unit cross-sectional area to fracture a specimen, 
i.e., it is a measure of the response of a material 
to shock loading.

(v) Wear Resistance: The ability of a material to 
resist friction wear under particular conditions, 
i.e. to maintain its physical dimensions when in 
sliding or rolling contact with a second member.

(vi) Corrosion Resistance: Those metals and alloys 
which can withstand the corrosive action of a 
medium, i.e. corrosion processes proceed in them 
at a relatively low rate are termed corrosion-
resistant.

(vii) Density: It is the quantity of mass per unit 
volume of the material. This is an important factor 
of a material where weight and thus the mass is 
critical, e.g. aircraft components. More density it 
means heavier the material per unit volume. 

(b) Thermal Properties:
The characteristics of a material, which are functions 
of the temperature, are termed its thermal 
properties. One can predict the performance of 
machine components during normal operation, if he 
has the knowledge of thermal properties. Specific 
heat, latent heat, thermal conductivity, thermal 

expansion, thermal stresses, thermal fatigue, etc. are 
few important thermal properties of materials. These 
properties play a vital role in selection of material 
for engineering applications, e.g. when materials 
are considered for high temperature service. Now, 
we briefly discuss few of these properties:

(i) Specific Heat (c): It is the heat capacity of a 
unit mass of a homogeneous substance. For a 
homogeneous body, c = C/M, where C is the heat 
capacity and M is the mass of the body. One can 
also define it as the quantity of heat required 
to raise the temperature of a unit mass of the 
substance through 1°C. Its units are cal/g/°C. 

(ii) Thermal Conductivity (K): This represents the 
amount of heat conducted per unit time through 
a unit area perpendicular to the direction of 
heat conduction when the temperature gradient 
across the heat conducting element is one unit. 
Truly speaking the capability of the material 
to transmit heat through it is termed as the 
thermal conductivity. Higher the value of thermal 
conductivity, the greater is the rate at which heat 
will be transferred through a piece of given size. 
Copper and Aluminium are good conductors of 
heat and therefore extensively used whenever 
transfer of heat is desired. Bakelite is a poor 
conductor of heat and hence used as heat 
insulator.

(iii) Thermal Expansion: All solids expand on heating 
and contract on cooling. Thermal expansion may 
take place as linear, circumferential or cubical. 
A solid which expands equally in three mutually 
orthogonal directions is termed as thermally 
isotropic. The increase in any linear dimension 
of a solid, e.g. length, width, height on heating 
is termed as linear expansion. The coefficient 
of linear expansion is the increase in length per 
unit length per degree rise in temperature. The 
increase in volume of a solid on heating is called 
cubical expansion. The thermal expansion of solids 
has its origin in the lattice vibration and lattice 
vibrations increases with the rise in temperature.

(V) Thermal Fatigue: This is the mechanical effect 
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of repeated thermal stresses caused by repeated 
heating and cooling. The thermal stresses can be 
very large, involving considerable plastic flow. 
We can see that fatigue failures can occur after 
relatively few cycles. The effect of the high part of 
the temperature cycle on the strength of material 
plays an important factor in reducing its life under 
thermal fatigue.

(c) Electrical Properties
Conductivity, resistivity, dielectric strength are 
few important electrical properties of a material. A 
material which offers little resistance to the passage 
of an electric current is said to be a good conductor 
of electricity.

The electrical resistance of a material depends on its 
dimensions and is given by

Usually resistivity of a material is quoted in the 
literature. Unit of resistivity is Ohm-meter.

On the basis of electrical resistivity materials are 
divided as: (i) Conductors (ii) Semiconductors 
and (iii) Insulators. In general metals are good 
conductors. Insulators have very high resistivity. 
Ceramic insulators are most common examples and 
are used on automobile spark plugs, Bakelite handles 
for electric iron and plastic coverings on cables in 
domestic wiring.

When a large number of metals and alloys are 
sufficiently cooled below transition temperature, 
Tc, enter the state of superconductivity in which 
the dc resistivity goes to zero. The estimates of the 
resistivity in the super-conducting phase place it at 
less than 4 X 10–25 -m, which is essentially zero for 
all practical purposes. The highest value of Tc upto 
133 K has been reached for mercury cuprate.

(d) Magnetic Properties
Materials in which a state of magnetism can be 
induced are termed magnetic materials. There 
are five classes into which magnetic materials 

may be grouped: (i) diamagnetic (ii) paramagnetic 
(iii) ferromagnetic (iv) antiferromagnetic and (v) 
Ferrimagnetic. Iron, Cobalt, Nickel and some of 
their alloys and compounds possess spontaneous 
magnetization. Magnetic oxides like ferrites and 
garnets could be used at high frequencies. Because 
of their excellent magnetic properties along with 
their high electrical resistivity these materials today 
find use in a variety of applications like magnetic 
recording tapes, inductors and transformers, 
memory elements, microwave devices, bubble 
domain devices, recording hard cores, etc. Hysteresis, 
permeability and coercive forces are some of 
the magnetic properties of magnetic substances 
which are to be considered for the manufacture of 
transformers and other electronic components.

(e) Chemical Properties 
These properties include atomic weight, molecular 
weight, atomic number, valency, chemical 
composition, acidity, alkalinity, etc. These properties 
govern the selection of materials particularly in 
Chemical plant.

(f) Optical Properties 
The optical properties of materials, e.g. refractive 
index, reflectivity and absorption coefficient etc. 
affect the light reflection and transmission.

(g) Structure of Material
The properties of engineering materials mainly 
depend on the internal arrangement of the atoms 
on molecules. We must note that in the selection 
of materials, the awareness regarding differences 
and similarities between materials is extremely 
important.

Metals of a single type atom are named pure metals. 
Metals in actual commercial use are almost

exclusively alloys, and not pure metals, since it is 
possible for the designer to realize an infinite variety 
of physical properties in the product by varying the 
metallic composition of the alloy. Alloys are prepared 
from mixed types of atoms. Alloys are classified as 
binary alloys, composed of two components, as 
ternary alloys, composed of three components or as 
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multi component alloys. Most commercial alloys are multicomponent.

The composition of an alloy is described by giving the percentage (either by weight or by atoms)

of each element in it. The basic atomic arrangement or pattern is not apparent in the final component, e.g. 
a shaft or a pulley but the properties of the individual crystals within the metallic component, which are 
controlled by the atomic arrangement, are mainly responsible for their application in industry.

One can determine the strength of a piece of metal by its ability to withstand external loading. The structure 
of metal or alloy responds internally to the applied load by trying to counteract the magnitude of the applied 
load and thus tries to keep the constituent atoms in their ordered positions if however the load is higher than 
the force which holds the atoms in place, the metallic bond becomes ineffective and atoms in the metal are 
then forced into new displaced positions. The movement of atoms from their original positions in the metal 
is termed as slip. The ease with which atoms move or slip in a metal is an indication of hardness. We must 
note that the relative movement of atoms or slip within a material has a direct bearing on the mechanical 
properties of the material.

These all properties decide whether the material is suitable for the particular application or not.

Hence a design Engineer has to study and consider all such property of the material.
 
The Classification of Engineering material:

The factors which form the basis of various systems of classifications of materials in material science and
engineering are: (i) the chemical composition of the material, (ii) the mode of the occurrence of the material 
in the nature, (iii) the refining and the manufacturing process to which the material is subjected prior it 
acquires the required properties, (iv) the atomic and crystalline structure of material and (v) the industrial 
and technical use of the material.

Common engineering materials that falls within the scope of material science and engineering may be
Classified into one of the following six groups:

(i) Metals (ferrous and non-ferrous) and alloys
(ii) Ceramics
(iii) Organic Polymers
(iv) Composites
(v) Semi-conductors
(vi) Biomaterials
(vii) Advanced Materials

(4) Selecting and Planning the Process of Manufacture

Manufacturing processes are the steps through which raw materials are transformed into a product. The 
manufacturing processes can be broadly classified into three categories viz. shaping, joining and finishing 
processes as shown schematically in (Fig.10) The selection of a particular process from a wide range of 
choices for a given application is based on several factors.
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(Fig. 10)

The manufacturing process selected must be an economical balance of materials, manpower, product 
design, tooling and equipment, plant space, and many other factors influencing cost and practicality.

 The process must be selected in such a way that the produced product will be acceptable to the consumer 
functionally, economically and appearance-wise.

Fundamental Rules for the selection and Planning of a Manufacturing Process: 

1. The process must assure a product that meets all design requirements of quality, function and reliability.
2. Daily production requirement must be met.
3. Full capacity of the machine and its tooling should be utilized.
4. Idle operator and idle machine time must be reduced to minimum.
5. The process must provide the maximum utilization of the minimum amount of material.
6. The process should be flexible enough to accommodate reasonable changes in design.
7. The process should be designed to eliminate any unnecessary operations and combine as many
Operations as are physically and economically practical.
8. Capital expenditure that must be amortized over short periods must be kept as low as possible.
9. The process must be designed with the protection of both the operator and the work piece in mind.
10. The process should be developed so that the final product will be produced at a minimum cost to the 
enterprise as a whole.

Considering all above factors, engineers decide the manufacturing process for a particular component. 

With this background of Product design, Material science and Manufacturing Process selection procedure. In  
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next  editions  we will see the details and applications 
of various manufacturing processes.

Reference: Selecting and Planning the Process of 
Manufacture:  Dr. Pulak, M. Pandey http://paniit.iitd.
ac.in/~pmpandey
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Plastics in Automotives

- Vijay V. Birajdar
E-mail: vijaybirajdar2733@gmail.com

Etymology

The word plastic is derived from the Greek (plastikos) 
meaning “capable of being shaped or molded”, from 
πλαστός (plastos) meaning “molded”. It refers to 
their malleability, or plasticity during manufacture, 
that allows them to be cast, pressed, or extruded into 
a variety of shapes—such as films, fibers, plates, 
tubes, bottles, boxes, and much more.

The common word plastic should not be confused 
with the technical adjective plastic, which is applied 
to any material which undergoes a permanent 
change of shape (plastic deformation) when strained 
beyond a certain point. Aluminum which is stamped 
or forged, for instance, exhibits plasticity in this 
sense, but is not plastic in the common sense; in 
contrast, in their finished forms, some plastics will 
break before deforming and therefore are not plastic 
in the technical sense

The aim of this article is to give an overview about 
the plastic materials currently used in automotive 
industry. The article gives brief knowledge about 
plastics & their products have increased demand in 
automotive field. Though the classification of plastics 
is somewhat complicated the reader’s objective 
should be on its general differentiation will be helpful.

Why Use Plastics Instead of Other 
Engineering Materials?

Advantages and Disadvantages of Plastic

Advantages of Plastic

Some of advantages of plastics are listed below;
1. Generally plastic items like toys, bags can be 
reused in various ways such as in the manufacturing 
of fashionable accessories and other plastic goods.

No doubt the recycling of plastic consume more 
energy and effort compare to its manufacturing but 
it is a good alternate to prevent the plastic pollution 
in environment.

2.  Plastic materials are light in weight, unbreakable, 
odorless and can be easily molded.

3. They have excellent finishing; possess good 
shock absorption capacity, high strength as well as 
toughness.

4. The plastics materials are corrosion resistant 
and these are inert as far chemical or changes due 
to atmospheric oxygen go; besides these have low 
thermal expansion of co-efficient.

Therefore they possess good thermal and electrical 
insulating property.

5. Plastics have water resistant property and possess 
good adhesiveness. They are strong, durable, good 
and cheap to produce.

6. It is possible to recycle plastic; therefore no 
decomposition required which is much more 
expensive and hazardous than recycling.

7. Plastic can be used in building, construction, 
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electronics, packing and transportation industries.

8. Plastic can be used to produce other product and 
reduce soil and wind erosion.

9. Because of nonconductive nature of plastic, they 
can be easily used in electrical installations.
 

Why Not to Use Plastics Materials?

Disadvantages of Plastic:
•    Plastic is a soft, non-renewable resources which 
cannot be used for some crucial applications.

•    The poisonous gaseous product produced by the 
decomposition plastic can causes CANCER

•    They are embrittlement at low temperature and 
deformation at high pressure.

•    Plastic materials have low heat resistant and poor 
ductility. But they are combustibility and release 
toxic fumes after burning.

•    The recycling of plastic is not cost effective 
process and even more expensive compare to its 
manufacturing.

•    The raw material for manufacturing of plastic 
bags is petrochemicals which are non-renewable 
resource.

•    Plastic bags are flimsy and not durable like paper 
or cloth.

The improper disposal of plastic can cause hazard to 
wildlife as they are not readily biodegradable.

•    Plastic materials like plastic bags are mostly end 
up as harmful waste in landfill which may pollute the 
environment and threatening our health.

•    The biodegradation of plastic takes 500 to 1,000 
years but manufacturing takes only seconds.

Modern Trends
The automotive industry is on the brink of a 
revolution, and the plastics industry poised to play a 
major role. The real plastics revolution in automotive 
industry began in 1950 when thermoplastics made 
their debut, starting with ABS and going on to 
polyamide, polyacetal and polycarbonate together 
with introduction of alloys and blends of various 
polymers. The ongoing development of advanced, 
high-performance polymers has dramatically 
increased their usage. Originally plastics were 
specified because they offered good mechanical 
properties combined with excellent appearance, 
including the possibility of self-coloring. The 
application of plastic components in the automotive 
industry has been increasing over the last decades. 
Nowadays, the plastics are used mainly to make cars 
more energy efficient by reducing weight, together 
with providing durability, corrosion resistance, 
toughness, design flexibility, resiliency and high 
performance at low cost. 28 Plastics in automotive 
The average vehicle uses about 150 kg of plastics and 
plastic composites versus 1163 kg of iron and steel – 
currently it is moving around 10-15 % of total weight 
of the car 

The automotive industry uses engineered polymer 
composites and plastics in a wide range of 
applications, as the second most common class 
of automotive materials after ferrous metals and 
alloys (cast iron, steel, nickel) which represent 68% 
by weight; other non-ferrous metals used include 
copper, zinc, aluminum, magnesium, titanium 
and their alloys (Fig. 2). The plastics contents of 
commercial vehicles comprise about 50 % of all 
interior components, including safety subsystems, 
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door and seat assemblies. Fig.2 Hybrid construction 
of a vehicle, combination of aluminum (light blue 
colour), magnesium (red colour), plastics (dark blue 
colour) and steel (green colour) During the enormous 
growth of plastics components in automotives, the 
advantages of using plastics have changed. Mounting 
costs are being met by the ability of plastics to be 
molded into components of complex geometries, 
often replacing several parts in other materials, and 
offering integral fitments that all add up to easier 
assembly. Many types of polymers are used in more 
than thousand different parts of all shapes and 
sizes. A quick look inside any model of the car shows 
that plastics are now used in exterior and interior 
components such as bumpers, doors, safety and 
windows, headlight and side view mirror housing, 
trunk lids, hoods, grilles and wheel covers.

Classifications of Plastics

Correctly classifying plastics and processed or 
finished plastic products is easier if you have an 
Understanding of the basic chemistry of plastics and 
how the products are manufactured.

If you are importing polymers in primary forms, it’s 
essential to know the chemical composition and what 
the predominant monomer is within the polymer.

For processed and finished items, it’s useful to know 
the composition details of the polymer used and 
the manufacturing process. Remember that if the 
defining characteristic of the good is its manufacture 
from plastic, such as a plastic bottle or a plastic 
hose, it will be classified in Chapter 39 of the Tariff. 
If, however, the item is mentioned elsewhere in the 
Tariff, such as a toy made from plastic, it should be 
classified under the appropriate heading.

This guide provides an outline of the basic 
chemistry related to polymers, a simple summary 
of manufacturing processes and practical tips on 
classifying specific finished or processed goods.

Classifying polymers in primary forms

The definition of ‘primary forms’ is:
• Liquids and pastes, including dispersions (i.e. 
emulsions and suspensions) and solutions
• Blocks or irregular shape, lumps, powders (including 
molding powders), granules, flakes and similar bulk 
forms

Polymers are large molecules made from monomers, 
and their constituent parts are called monomeric 
units. A monomer is a molecule or compound, usually 
containing carbon, which is capable of conversion 
to polymers, synthetic resins or elastomers by 
combination with itself or other similar molecules or 
compounds.

There are many different polymers that exhibit 
different characteristics and properties and are used 
for different purposes. For example, polyvinyl chloride 
(PVC) is commonly used in the building industry for 
use in double glazing frames. Polypropylene and 
polyethethylene terephthalate (PET) are commonly 
used in the manufacture of bottles.

To correctly classify your polymers in primary forms, 
you need to identify the predominant monomer:
• Polymers of ethylene (heading 3901)
• Polymers of propylene (heading 3902)
• Polymers of styrene (heading 3903)
• Polymers of vinyl chloride or other halogenated 
olefins (heading 3904)
• Polymers of vinyl acetate or of other vinyl esters 
and other vinyl polymers (heading 3905)
• Acrylic polymers (heading 3906)
• polyacetal, other polyethers and epoxide resins, 
polycarbonates, alkyd resins, polyallyl esters and 
other polyesters (heading 3907)
• polyamides (heading 3908)
• amino-resins, phenolic resins and polyurethanes 
(heading 3909)
• silicones (heading 3910)
• petroleum resins, coumarone-indene resins, 
polyterpenes, polysulphides, polysulphones (heading 
3911)

Copolymers are produced by the simultaneous 



19The Exponent Group of Journals For General Engineering, Volume 3, Number 3, June 2015 - Aug 2015

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

polymerisation of two or more dissimilar monomers. 
They contain more than one type or repeat of 
monomeric unit. For example, the copolymer poly 
(ethylene co vinyl chloride) is created by polymerising 
ethylene and vinyl chloride.

In Tariff classification, the term ‘copolymer’ covers 
all polymers in which no single monomer contributes 
95 per cent or more by weight to the total polymer 
content.

However, they are produced, copolymers - including 
co-polycondensates, co-polyaddition products, block 
copolymers and graft copolymers - are classified 
under the heading code covering the predominant 
comonomer. If no comonomer predominates, you 
should classify the goods in the heading code which 
is last in numerical order that is relevant to each of 
the comonomers.

Chemically modified polymers, where only 
appendages to the main polymer chain have been 
changed by chemical reaction, are classified under 
the heading code for the unmodified polymer.

Classifying processed or finished products

When classifying processed or finished plastic 
products, it’s helpful to know as much about them as 
possible, including the:
• Function or role of the goods
• Polymer that they are made from
• Method of manufacture

The function or role of the goods is essential to 
classifying them correctly. The composition and 
method of manufacture may also be required to 
classify the goods correctly, although this is not 
always the case.

However, it’s a very good idea to have all this 
information to hand as it will speed the classification 
process for you.

Manufacturing techniques

Polymers in primary forms are processed using three 
different processes to create finished products:
• Injection molding is used to form plastics into 
hollow shapes - for example, bottles and containers, 
toys or petrol tanks

• Compression molding is used to form specific 
shapes using a mould - for example, knobs and 
handles for saucepans, irons or cookers or electrical 
fittings such as plugs, sockets and lamp fittings

• Extrusion creates shapes by forcing material 
through a metal forming die - for example, film, 
sheet, rods, profile shapes, tubes or pipes

Classifying specific types of finished or 
processed goods

If waste, parings and scrap (heading code 3915) have 
been transformed into a primary form, they should 
be classified as such, using the appropriate heading 
code between 3901 and 3914.

When classifying tubes, pipes and hoses (heading 
code 3917), you should bear in mind that the 
definition covers all hollow products, whether 
semi-manufactured or finished, that are used for 
moving gases or liquids, such as ribbed garden 
hoses, perforated tubes or lay-flat tubing. However, 
if the goods have an internal cross-section that is 
not round, oval, rectangular or any other regular 
polygon, they should be classified as profile shapes.

To classify wall or ceiling coverings made of plastic 
(heading code 3918), they must be wider than 54 
centimeters and comprise plastics fixed permanently 
on a backing other than paper. The plastic layer must 
also be decorated, either by embossing, coloring, 
design-printing or graining. This is to differentiate 
them from some wallpaper.
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Common abbreviations for plastics and polymers

Abbreviation 
Item
ABS Acrylonitrile-butadiene-styrene
BDS Butadiene-styrene block copolymer
CA Cellulose acetate
CB Cellulose butyrate
CE Cellulose / cellophane
EVA Ethylene-vinyl acetate
GPPS General-purpose polystyrene
GRP Glass-reinforced polyester
HDPE High-density polyethylene
HIPS High-impact polystyrene 

(toughened polystyrene)
LDPE Low-density polyethylene
LLDPE Linear Low-density polyethylene
MF Melamine formaldehyde
OPP Orientated polypropylene
PA Polyamide (nylon)
PA 6 Nylon 6
PA 6 6 PA 6 6
PBT Polybutylene terephthalate
PC Polycarbonate
PE Polyethylene
PET Polyethylene terephthalate

Although up to 13 different polymers may be used in 
a single car model (Fig. 3), just three types of plastics 
make up some 66 % of the total plastics used in a car: 
polypropylene (32 %), polyurethane (17 %) and PVC 
(16 %).

Component Main types of 
plastics

Weight 
in av. 
car (kg)

Bumpers PS, ABS, PC/PBT 10,0
Seating PUR, PP, PVC, 

ABS, PA
13,0

Dashboard PP, ABS, SMA, 
PPE, PC

7,0

Fuel systems HDPE, POM, 
PA, PP, PBT

6,0

Body (incl. panels) PP, PPE, UP 6,0
Under-bonnet 
components

PA, PP, PBT 9,0

Interior trim PP, ABS, PET, 
POM, PVC

20,0

Electrical components PP, PE, PBT, PA, 
PVC

7,0

Exterior trim ABS, PA, PBT, 
POM, ASA, PP

4,0

Lighting PC, PBT, ABS, 
PMMA, UP

5,0

Upholstery PVC, PUR, PP, 
PE

8,0

Liquid reservoirs PP, PE, PA 1,0
Total 
105,0

Attempt is being made to even make auto mobile 
engines made up of plastics. We will study the same 
in next article. 
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Synopsis

Pollution from current generation of conventional 
engines made up from steel, aluminum and cast iron 
is known to us. Fuel efficiency has become key word 
in buying car today from customer perspective and 
also recent government requirements for greater 
fuel efficiency.  We have seen trend of lighter cars 
hitting the market, but there’s only so much that can 
be shaved off the body and chassis. So the option of 
using plastic in engine was explore to find further 
weight reductions. How ? we will study in this article.

Fraunhofer project group is developing ways of 
building engine cylinder blocks that are partly plastic.
Lighter engines that can still do the job of their 
heavier cousins have been around since the first 
aluminum engine blocks were introduced in the 
1960s. Going one step further with plastic has been 
on the drawing boards since the 1980s, but plastic 
parts able to withstand engine heat and stress could 
only be made in small volumes and at great cost.

The approach taken by the Fraunhofer project 
group for new drive systems (NAS) was to create an 
experimental engine using fiber-reinforced plastic 
suitable for injection molding instead of aluminum.

“We used a fiber-reinforced composite material to 
build a cylinder casing for a one-cylinder research 
engine,” says Lars-Fredrik Berg, project leader and 
manager of the research area Lightweight Powertrain 
Design at NAS. “The cylinder casing weighs around 
20 percent less than the equivalent aluminum 
component, and costs the same.”

Fraunhofer says that using plastic not only allows for 
lighter vehicles, but provides the added advantages 
of reduced fuel consumption, less noise, and less 
heat radiated from the engine. However, achieving 
this meant overcoming problems with heat and 
vibrations.

“First we looked at the engine design and identified 
the areas subject to high thermal and mechanical 
loads,” says Berg. “Here we use metal inserts to 
strengthen their wear resistance.”

Other problems the project faced was getting the 
plastic to bond well with and expand like metal, 
redesigning engine parts to keep heat away from 
the plastic, and making the plastic hard and rigid, yet 
also capable of withstanding contact with oil, petrol, 
glycol, and water coolants.

The project eventually settled on a glass-fiber-
reinforced phenolic resin of 55 percent fibers and 45 
percent resin that uses granulated thermoset plastics 
in an injection molding process. The glass fibers are 
already mixed with the liquid resin, which is injected 
and hardens in the mold. The trick was sorting out 
the details of the process to obtain the best results 
while eliminating many of the finishing operations 
needed for metal parts. Carbon composites can also 
work and are lighter, but are more expensive.

Plastic engine set for debut in Norma 
M-20 concept car

- Mahesh Gadkari
E-mail: mahgad_62@yahoo.com
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Demonstration model of the experimental engine 
with lightweight cylinder casing (Photo: Fraunhofer 
ICT)

Its worthwhile to note that the alternative from 
carbon-fibre composites of was also explored. 

The journey was with roller coaster ride.

Carbon-fiber composites have infiltrated practically 
every nook and cranny of today’s supercar. We’ve got 
carbon monocoque structural cores, carbon-ceramic 
brake rotors, and carbon-fiber-reinforced body 
panels. Taking this approach to the radical extreme, 
Formula 1 constructors have long used molded 
carbon-fiber suspension, wing, and transmission-
housing components. Contemporary F1 steering 
wheels are even made of this light, stiff material to 
save a few ounces.

Ironically, the single heaviest part of practically 
every car—the engine block—is one of the last items 
awaiting conversion from metal to molded carbon 
fiber. Florida engineer Matti Holtzberg has worked 
on this for the past four decades, he’s worked to 
create an ultralight plastic engine with sufficient 
stamina to replace engine blocks made from cast iron 
or aluminum. With strategic use of inserts to handle 
the heat and concentrated loads, he has engineered 
a composite engine block that may be ready to send 
cast metal the way of the buggy whip.

After years experimenting with various resins 
reinforced with glass fibers, Holtzberg recently 
expanded his focus to include more expensive carbon-
fiber materials. Realizing that the hard-core racing 
community is always eager to gain a competitive 
weight-saving edge, he knew there was a market 
for a composite cylinder block capable of trimming 
a few pounds. Indulging his best entrepreneurial 
instincts, he purchased tooling and configured his 
West Palm Beach lab to cast the first dozen carbon-
fiber-reinforced engine blocks patterned after Ford’s 
2.0-liter Duratec engine.

According to Holtzberg, his mold is a six-piece 
aluminum jigsaw puzzle consisting of a base plate, 
four side panels, and a top cover. A removable core, 
which forms the water jacket, oil drains, and main 
oil galley, fits inside. During assembly, the mold also 
is loaded with various aluminum parts: 71 threaded 
inserts and five main bearing saddles. After casting, 
four Siamesed cylinders are placed in the water 
jacket.

After prepaing the mold, epoxy resin and six-mm-
long carbon fibers are stirred together in an industrial 
mixer. The resulting batter, which has the consistency 
of oatmeal, is warmed slightly and then poured into 
the mold. It’s left to cure for two hours, although 
Holtzberg adds that minor procedural changes would 
allow molding a block in only five minutes.



23The Exponent Group of Journals For General Engineering, Volume 3, Number 3, June 2015 - Aug 2015

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

One of the attributes associated with this accurate 
molding process is that the composite surfaces 
require no finishing operations and minimal 
machining is necessary. After casting, the main 
bearing saddles are line bored and the cylinders are 
cut to accept liners. Holtzberg plans on switching 
to a molybdenum plasma spray coating in place of 
aluminum cylinder liners to trim additional pounds. 
That will boost the weight savings over an aluminum 
block from 18.2 pounds to more than twenty pounds.
Holtzberg will add several carbon-fiber bolt-on 
components, such as the oil pan, cam cover, intake 
manifold, and fuel rail to create a kit he intends to 
offer racers. After purchasing the kit, each customer 
can commission their favorite engine builder to 
assemble the package according to specific racing or 
rallying needs.

Holtzberg has not yet established a price for his 
carbon-fiber engine, but it’s unlikely many Ford 
Focus owners will be interested in spending what 
could be $2500 (or more) per pound of weight saved.
Following are some of the milestones achieved to 
make use of plastic in automobile and engines of car:

1907–1909 Belgian chemist Dr. Leo Baekeland 
developed Bakelite, the world’s first commercially 
successful plastic. Billiard balls, 78-rpm records, and 
dial-telephone housings were some of the initial 
applications.

1930s Soybean enthusiast Henry Ford began installing 
plastic parts in his automobiles. Horn buttons, 
shift knobs, interior door handles, and distributor 
heads were molded from the meal processed from 
soybeans grown on Ford farms.

1940 Anticipating steel shortages during World War 
II, Henry Ford commissioned a full car body made 
of molded plastic. At a 1941 demonstration, he 
swung an ax at his personal Ford which was fitted 
with plastic trunklid. The ax bounced off without 
damaging the panel.

1953 Chevrolet began producing Corvettes with 
bodies made of fiberglass-reinforced plastic. More 
than 1.5 million have been sold.

1969 Matti Holtzberg read an article in a technical 
magazine at the Hackensack, New Jersey, public 
library espousing a new plastic allegedly tough 
enough to withstand the harsh conditions existing 
inside car engines. Holtzberg obtained a sample 
of the French material, which he used to make an 
experimental piston. After 20 minutes of operation 
inside an Austin Mini engine, combustion heat 
burned a hole through his first plastic piston’s crown.
1970s Holtzberg made and sold ultralight plastic 
pistons—now topped with aluminum crowns—for 
racing use.

1979 Holtzberg founded Polimotor (shorthand for 
polymer motor) to develop the world’s first plastic-
intensive engine.

1980 After Holtzberg’s first engine ran, Automotive 
Industries magazine featured it in a cover story.

1982 By the time Popular Science chimed in, 
Holtzberg’s second-generation Polimotor produced 
300 hp and weighed 152 pounds compared to 88 
hp and 415 pounds for a contemporary Ford Pinto 
engine.

1984–1985 A Lola sports car powered by a Polimotor 
and backed by Amoco Chemical ran a half-dozen 
IMSA Camel Light road races with a best finish of third 
at Lime Rock. One broken connecting rod (purchased 
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from a supplier) was the only major failure.

1986 With the durability point proven in racing, 
Holtzberg shifted his focus to mass production. With 
Amoco out of the picture, he changed from Torlon to 
more affordable phenolic resin, the first commercial 
polymer and the material Henry Ford used to bind 
his soybean fibers.

1990 Holtzberg established Composite Castings, now 
located in West Palm Beach, Florida.

1992 After successfully using carbon-fiber-reinforced 
composite monocoques in Formula 1, McLaren Cars 
introduced the three-seat F1 coupe for road use.

1998–2002 Three patents covering technology 
related to the casting of phenolic or epoxy resin 
reinforced with fiberglass were issued to Holtzberg. 
More than a dozen licensees now use his technology 
for rapid prototyping and other applications.

2009 Composite Casting formed a strategic 
partnership with resin supplier Huntsman Chemical.
2010 A strategic partnership with carbon-fiber 
supplier Toho Tenax Americas was signed.

2011 Composite Castings manufactured a dozen 
experimental carbon-fiber-composite versions of 
Ford’s 2.0-liter Duratec four-cylinder engine block.

ONE WORD A composite plastic engine block 
developed by Matti Holtzberg.

Henry Ford, right, developed a plastic-body research 
car that used farm products.

Its worthwhile to note that composites are used 
in Boeing aeroplanes, then why it can’t be used 
in automobiles where stress is much less on the 
material to be used. But the idea of using this is still 
to be accepted by automobile experts.

But Mr. Holtzberg failed to persuade carmakers that 
the benefits — major weight and cost savings — 
were worth the risk. So, like the long-lasting battery 
and the driveway-ready hydrogen fuel cell, plastic 
engines remain just beyond fruition.

What keeps Mr. Holtzberg going is the occasionally 
he converts to his way of thinking. Recently he 
formed a strategic partnership with the Huntsman 
Corporation of Houston, a global chemical company 
with 12,000 employees and annual revenues of $10 
billion. Huntsman’s proven record as an auto industry 
supplier may bring the clout needed to move plastic 
engines out of the laboratory and onto the proving 
grounds where auto engineers are searching for ways 
to meet the next round of fuel economy targets.

Mr. Holtzberg is not the first pioneer to be 
frustrated in an attempt to move plastics to the 
mainstream. Henry Ford was an early champion 
of plastics, commissioning projects to explore 
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alternative materials for car bodies in an era when 
steel was in short supply because of the military 
buildup for World War II. And he took the lead in 
promoting the concept: in 1941, he whacked his 
personal car with an ax to demonstrate the toughness 
of an experimental plastic trunk lid.

For years Ford cars had been equipped with plastic 
horn buttons, shift knobs, door handles and timing 
gears molded from soybean meal. Ford was drawn 
to plastic for its cost- and weight savings as well as its 
corrosion resistance.

Six years after Henry Ford died, his dream was finally 
realized. The first of more than 1.5 million Chevrolet 
Corvettes with fiberglass body panels began rolling 
offGeneral Motors assembly lines in 1953.

Since then, cars have benefited from a steadily rising 
plastic content. The typical North American-made 
vehicle now contains over 300 pounds of the stuff, 
according to the Energy Department, making it the 
second largest material type behind steel. But major 
powertrain structural components — engine blocks 
and cylinder heads, transmission cases and axle 
housings — continue to be iron or aluminum castings 
because of the heat and stress they must endure.

Mr. Holtzberg’s efforts to change that can be traced 
at least to 1969. Reading a magazine article at the 
public library in Hackensack, N.J., he learned of a 
new plastic said to be tough enough to withstand 
the harsh conditions inside engines. He obtained a 
sample, made a piston with it and installed it in the 
engine of a friend’s Austin Mini.

The plastic piston lasted 20 minutes.

Mr. Holtzberg pressed on. During the 1970s, he 
made and sold plastic pistons — now with aluminum 
crowns to withstand combustion temperatures — 
and plastic connecting rods for racing engines. In ’79, 
he founded Polimotor (the name is shorthand for 
polymer motor) to develop plastic-intensive engines.
The first Polimotor, a clone of the Ford Pinto 2.3-liter 
4-cylinder, used plastic for the block, piston skirts, 
connecting rods, oil pan and most of the cylinder 

head. Bore surfaces, piston crowns and combustion-
chamber liners were iron or aluminum. The crankshaft 
and camshaft were standard metal components.

Shortly after Mr. Holtzberg’s first engine successfully 
ran, an article in Automotive Industries, a trade 
magazine, inquired, “What...a Plastic Engine?” Two 
years later, Popular Science featured a Polimotor 
on its cover. By then, Mr. Holtzberg had progressed 
to a second-generation 300-horsepower design 
weighing 152 pounds; a stock Pinto engine made 88 
horsepower and weighed 415 pounds.

To prove that his plastic powerplant was durable, 
Mr. Holtzberg campaigned a Lola racecar in the 
International Motor Sports Association’s Camel 
Lights series. Amoco Chemical provided financial 
backing to promote its Torlon plastic resin. The only 
mishap during half-a-dozen 1984 and 1985 races 
was the failure of a connecting rod, a part purchased 
from an outside supplier.

In spite of his successes, Mr. Holtzberg roused little 
attention. “Ford was technically interested,” he 
recalled. “The Popular Science article gave them 
plenty of free publicity, but they actually contributed 
nothing to the Polimotor project.”

Mr. Holtzberg persevered with plastics better suited 
to mass production. In 1986, he shifted his focus to 
phenolic resin, the same material Henry Ford used 
to bond the soybean fibers in his experimental car 
body. Mr. Holtzberg still holds patents covering 
polymer formulations and techniques for casting 
resin reinforced with fiberglass in the type of molds in 
wide use. He views his composite casting technology 
as the next logical step in the evolution of the 
automobile, from wood, iron and steel to aluminum, 
magnesium and advanced plastics. Huntsman will 
supply the epoxy resin and aid in engineering and 
marketing efforts.

Mr. Holtzberg said that his materials could trim 
an aluminum engine’s weight by 30 percent to 35 
percent, but that’s not its sole appeal.

“After 25 years of effort, major foundries are finally 
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inquiring about my process,” he said. “Witnessing the 
demise of steel making and iron casting in America, 
and experiencing the loss of a significant share of 
their business to Asia and India, they’re interested 
in advanced casting processes that can trim both 
material and machining costs.”

Seventeen licensees are using Mr. Holtzberg’s 
approach to manufacture rapid-prototyping 
components. Ed Graham, engineering manager 
at ProtoCam in Northampton, Pa., said that his 
company had used Mr. Holtzberg’s technology to 
make engine parts for three years. “The thermoset 
phenolic material is strong and has excellent heat 
resistance,” he said. “The process is quick, and the 
parts go straight into experimental engines and 
transmissions.”

James Huntsman, vice president of the advanced 
materials division at Huntsman Corporation, hopes 
the success achieved in prototype composite-plastic 
parts will spur interest in low-volume production 
applications. “We realize that supplanting proven 
processes is a long and difficult challenge,” he 
said. “We’re convinced that the time is right for a 
composite engine.”

Of course, there are skeptics.

“While half of the aluminum car wheels now come 
from China, the foundries supplying major aluminum 
power train castings are captive,” said Richard A. 
Schultz, a consultant at Ducker Worldwide, using 
the industry term for operations owned by the 
automakers. “Energy consumption is not an issue, 
their aluminum scrap is readily recycled, and the 
cycle time with plastic would surely be longer.”

Jay Baron, president and chief executive of the 
Center for Automotive Research in Ann Arbor, Mich., 
pointed out that the auto industry is staunchly 
risk-averse. “They’re not about to manufacture 
thousands of vehicles with engines that could fail in 
service,” he said. “Since plastic engine castings are 
outside any car company’s mainstream business, all 
the cost, processing and durability issues would have 
to be resolved in the supply base.”

Before internal combustion is finally superseded by 
electric propulsion, there’s time left for a few more 
technological breakthroughs. Mr. Holtzberg and 
his Huntsman partners are betting that composite-
plastic engines make the cut.

But the final blow is now near and an automotive 
engine mostly made from plastic will be tested in a 
racing car in 2016.

US engineer Matti Holtzberg has teamed up with 
Belgian chemical company Solvay to work on the 
Polimotor 2 project.

This is a four-cylinder, double-overhead CAM engine 
that will be installed in Aurora’s Norma M-20 concept 
car to compete at Lime Rock Park, Connecticut.

Using plastic usually raises concerns over how it will 
deal with the heat in an internal combustion engine.

“Everybody always asks that question,” Holtzberg 
told The Engineer. “The exhaust port and the 
combustion chamber is an aluminium casting that’s 
moulded into the cylinder head and then the pistons 
run in either a cast iron or a nikasil-coated bore.

“There is metal where the heat is and that is about 
the only two places. Everything else is a composite 
material.”

Holtzberg, the president of Florida-based Composite 
Castings, had success with his first Polimotor engines 
in the 1980s, when they were used in an Amoco 
Chemical Company-sponsored racing car.
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Amoco eventually stopped competing, but Holtzberg 
continued improving the engines. The importance 
of lightweighting and fuel efficiency then led to a 
renewed interest in the technology.

“That is why I’m bringing all of this back, to show the 
automotive industry what you can do. They will see it 
racing so they can’t say it doesn’t work.”

Solvay will provide up to 10 thermoplastic 
components to demonstrate lightweighting through 
metal replacement.

These will include the water pump, oil pump, 
water inlet/outlet, throttle body, fuel rail and cam 
sprockets.

The aim is to develop an engine weighing 63–67kg, 
about 41kg less than today’s standard production 
engine.

Coventry University director of low carbon vehicle 
programmes Bernard Porter said there is an overall 
trend to reduce the weight of power units.

“Whether plastics could really accelerate that trend 
or would even be particularly relevant I think is a bit 
more open to debate,” he said.

“I think it would be foolish for anyone to say it looks 
unfeasible, but on the other hand there are a lot of 
technical problems to overcome. I can only imagine 
that the companies involved are fairly confident they 
know how to do that,” he added.

Imperial College London professor in turbomachinery 
Ricardo Martinez-Botas said to be successful the 
technology would need to show it could deal with 
the issue of cooling, the peak pressure related to 
modern turbo boost systems, and gaining customer 
confidence over maintenance, repairing and 
obtaining and replacing parts in a car with a plastic 
engine.

“This engine will need to be cooled because the 
temperatures of combustion are huge, so the 
question is whether you alleviate some of the cooling 

that would normally be necessary for a metal engine, 
and if you do then there is a benefit with a plastic 
engine,” he said.

Holtzberg said his racing car engine would reach 
450bhp at 8,000rpm. “It is turbocharged. It will have 
two atmospheres of boost. There are some design 
things that I do to take stress out of the block that 
I can’t go into but I will tell you that the material is 
twice as strong as the grade of cast aluminium used,” 
he said.

“If you don’t do it then nobody will ever do it. I look 
back 20 years and if you had told me BMW was going 
to have a carbon fibre car I would say you were crazy.

 
Conclusion

Though automobile experts are skeptical about the 
use of plastic in automobile engines, people like 
Holtzberg are determined to prove them wrong by 
setting examples of not only forming cylinder block 
out of plastic, but also making its use in a racing 
car which will run in 2016. If they are successful in 
making engines work on racing car there is reason to 
believe in their claim that it can also work in normal 
car. Only time will tell that efforts of Holtzberg and 
Fraunhofer group are in the right direction or they 
still need to go back on research bench to make it 
work commercially.

 
References

http://www.theengineer.co.uk/automotive/news/
plastic-engine-set-for-debut-in-norma-m-20-
concept-car/1020398.article#ixzz3b9hj0wD6

Source: Fraunhofer
http://www.gizmag.com/fraunhofer-plastic-engine-
parts/36839/

http://blog.caranddriver.com/is-this-the-engine-of-
the-future-in-depth-with-matti-holtzberg-and-his-
composite-engine-block/



28 The Exponent Group of Journals For General Engineering, Volume 3, Number 3, June 2015 - Aug 2015

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

h t t p : / / w w w . n y t i m e s . c o m / 2 0 0 9 / 1 0 / 2 5 / automobiles/25PLASTIC.html?pagewanted=all&_r=0



29The Exponent Group of Journals For General Engineering, Volume 3, Number 3, June 2015 - Aug 2015

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

Synopsis

A robot is a mechanical or virtual artificial agent, 
usually an electro-mechanical machine that is guided 
by a computer program or electronic circuitry. 
Robots can be autonomous or semi-autonomous. 
The branch of technology that deals with the design, 
construction, operation, and application of robots as 
well as computer systems for their control, sensory 
feedback, and information processing is robotics. 
These technologies deal with automated machines 
that can take the place of humans in dangerous 
environments or manufacturing processes, or 
resemble humans in appearance, behavior, and/
or cognition. Many of today’s robots are inspired 
by nature contributing to the field of bio-inspired 
robotics. These robots have also created a newer 
branch of robotics: Soft robotics.

Introduction

From the time of ancient civilization there have been 
many accounts of user-configurable automated 
devices and even automatic resembling animals 
and humans, designed primarily as entertainment. 
As mechanical techniques developed through 
the Industrial age, there appeared more practical 
applications such as automated machines, remote-
control and wireless remote.

Robots have replaced humans in the assistance of 
performing those repetitive and dangerous tasks 
which humans prefer not to do, or are unable to do 
due to size limitations, or even those such as in outer 
space or at the bottom of the sea where humans 

could not survive the extreme environment.

Articulated welding rob3ots used in a factory,
a type of industrial robot

Humanoid robot

There are concerns about the increasing use of robots 
and their role in society. Robots are blamed for rising 
unemployment as they replace workers in increasing 
numbers of functions. The use of robots in military 
combat raises ethical concerns. The possibilities of 
robot autonomy and potential repercussions have 
been addressed in fiction and may be a realistic 
concern in the future. The word robot can refer to 
both physical robots and virtual software agents, 
but the latter are usually referred to as bots. There 
is no consensus on which machines qualify as robots 

Robot Technology

- Anil Thakur
E-mail: ombiotech25@gmail.com
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but there is general agreement among experts, and 
the public, that robots tend to do some or all of 
the following: move around, operate a mechanical 
limb, sense and manipulate their environment, and 
exhibit intelligent behavior - especially behavior 
which mimics humans or other animals. In practical 
terms, “robot” usually refers to a machine which can 
be electronically programmed to carry out a variety 
of physical tasks or action.

According to the Encyclopaedia Britannica, a robot is 
“any automatically operated machine that replaces 
human effort, though it may not resemble human 
beings in appearance or perform functions in a 
human like manner.” Merriam-Webster describes a 
robot as a “machine that looks like a human being and 
performs various complex acts (as walking or talking) 
of a human being”, or a “device that automatically 
performs complicated often repetitive tasks”, or a 
“mechanism guided by automatic controls’’

1.Modern autonomous robots

The first electronic autonomous robots with 
complex behaviour were created by William Grey 
Walter of the Burden Neurological Institute at 
Bristol, England in 1948 and 1949. He wanted 
to prove that rich connections between a small 
number of brain cells could give rise to very complex 
behaviors - essentially that the secret of how the 
brain worked lay in how it was wired up. His first 
robots, named Elmer and Elsie, were constructed 
between 1948 and 1949 and were often described 
as tortoises due to their shape and slow rate of 
movement. The three-wheeled tortoise robots were 
capable of phototaxis, by which they could find their 
way to a recharging station when they ran low on 
battery power.

Commercial and industrial robots are now in 
widespread use performing jobs more cheaply or 
with greater accuracy and reliability than humans. 
They are also employed for jobs which are too dirty, 
dangerous or dull to be suitable for humans. Robots 
are widely used in manufacturing, assembly and 
packing, transport, earth and space exploration, 
surgery, weaponry, laboratory research, and mass 
production of consumer and industrial goods.

A laparoscopic robotic surgery machine

2.Mobile robot

Mobile robots have the capability to move around 
in their environment and are not fixed to one 
physical location. An example of a mobile robot that 
is in common use today is the automated guided 
vehicle or automatic guided vehicle (AGV). An AGV 
is a mobile robot that follows markers or wires in the 
floor, or uses vision or lasers.
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Mobile robots are also found in industry, military 
and security environments. They also appear as 
consumer products, for entertainment or to perform 
certain tasks like vacuum cleaning. Mobile robots 
are the focus of a great deal of current research and 
almost every major university has one or more labs 
that focus on mobile robot research .Mobile robots 
are usually used in tightly controlled environments 
such as on assembly lines because they have 
difficulty in responding to unexpected interference. 
Because of this most humans rarely encounter 
robots. However domestic robots for cleaning and 
maintenance are increasingly common in and around 
homes in developed countries. Robots can also be 
found in military applications.

3.Industrial robots (manipulating)

A Pick and Place robot in a factory

Industrial robots usually consist of a jointed arm (multi-
linked manipulator) and an end effector that is attached 
to a fixed surface. One of the most common type of 
end effector is a gripper assembly.The International 

Organization for Standardization gives a definition 
of a manipulating industrial robot in ISO 8373” 
an automatically controlled, reprogrammable, 
multipurpose, manipulator programmable in three 
or more axes, which may be either fixed in place or 
mobile for use in industrial automation applications’’

This definition is used by the International Federation 
of Robotics, the European Robotics Research Network 
(EURON) and many national standards committees.

4.Service robot

Most commonly industrial robots are fixed robotic 
arms and manipulators used primarily for production 
and distribution of goods. The term “service robot” 
is less well-defined. The International Federation 
of Robotics has proposed a tentative definition, 
“A service robot is a robot which operates semi or 
fully autonomously to perform services useful to 
the well-being of humans and equipment, excluding 
manufacturing operations.” 

5.Educational robot

Robots are used as educational assistants to teachers. 
From the 1980s, robots such as turtles were used in 
schools and programmed using the Logo language. 

Educational Robots can help children to learn about 
mathematics, physics, programming, and electronics. 
Robotics have also been introduced into the lives of 
elementary and high school students in the form 
of robot competitions with the company FIRST (For 
Inspiration and Recognition of Science and 
Technology)
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6.Modular robot

Modular robots are a new breed of robots that are 
designed to increase the utilization of robots by 
modularizing their architecture. The functionality and 
effectiveness of a modular robot is easier to increase 
compared to conventional robots. These robots are 
composed of a single type of identical, several different 
identical module types, or similarly shaped modules, 
which vary in size. Their architectural structure allows 
hyper-redundancy for modular robots, as they can 
be designed with more than 8 degrees of freedom 
(DOF). Creating the programming, inverse kinematics 
and dynamics for modular robots is more complex 
than with traditional robots. Modular robots may 
be composed of L-shaped modules, cubic modules, 
and U and H-shaped modules. ANAT technology, 
an early modular robotic technology patented by 
Robotics Design Inc., allows the creation of modular 
robots from U and H shaped modules that connect 
in a chain, and are used to form heterogeneous and 
homogenous modular robot systems. These “ANAT 
robots” can be designed with “n” DOF as each module 
is a complete motorized robotic system that folds 
relatively to the modules connected before and after 
it in its chain, and therefore a single module allows 
one degree of freedom. The more modules that are 
connected to one another, the more degrees of 
freedom it will have. L-shaped modules can also be 
designed in a chain, and must become increasingly 
smaller as the size of the chain increases, as payloads 
attached to the end of the chain place a greater strain 
on modules that are further from the base. ANAT 
H-shaped modules do not suffer from this problem, 
as their design allows a modular robot to distribute 
pressure and impacts evenly amongst other attached 
modules, and therefore payload-carrying capacity 
does not decrease as the length of the arm increases. 
Modular robots can be manually or self-reconfigured 
to form a different robot, that may perform different 
applications. Because modular robots of the same 
architecture type are composed of modules that 
compose different modular robots, a snake-arm 
robot can combine with another to form a dual or 
quadra arm robot, or can split into several mobile 
robots, and mobile robots can split into multiple 
smaller ones, or combine with others into a larger or 

different one. This allows a single modular robot the 
ability to be fully specialized in a single task, as well 
as the capacity to be specialized to perform multiple 
different tasks.

Modular robotic technology is currently being applied 
in hybrid transportation industrial automation duct 
cleaning and handling. Many research centres and 
universities have also studied this technology, and 
have developed prototypes.

7.Collaborative robots

A collaborative robot or cobot is a robot that can 
safely and effectively interact with human workers 
while performing simple industrial tasks. However, 
end-effectors and other environmental conditions 
may create hazards, and as such risk assessments 
should be done before using any industrial motion-
control application.

The collaborative robots most widely used in 
industries today are manufactured by Universal 
Robots in Denmark. Roughly half of all the robots 
in the world are in Asia, 32% in Europe, and 16% in 
North America, 1% in Australia and 1% in Africa.40% 
of all the robots in the world are in Japan, making 
Japan the country with the highest number of robots.

 
A humanoid robot, played ping pong
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An android, or robot designed to resemble a 
human, can appear comforting to some people and 

disturbing to others

As robots have become more advanced and 
sophisticated, experts and academics have 
increasingly explored the questions of what ethics 
might govern robots’ behavior, and whether robots 
might be able to claim any kind of social, cultural, 
ethical or legal rights. One scientific team has said 
that it is possible that a robot brain will exist by 2019.
Others predict robot intelligence breakthroughs by 
2050. Recent advances have made robotic behavior 
more sophisticated. The social impact of intelligent 
robots is subject of a 2010 documentary film 
called Plug & Pray. 

8.Military robots

Some experts and academics have questioned the 
use of robots for military combat, especially when 
such robots are given some degree of autonomous 
functions. There are also concerns about technology 
which might allow some armed robots to be 
controlled mainly by other robots. The US Navy has 
funded a report which indicates that, as military 
robots become more complex, there should be 
greater attention to implications of their ability to 
make autonomous decisions

Military robots include the SWORDS robot which is 
currently used in ground-based combat. It can use a 
variety of weapons and there is some discussion of 
giving it some degree of autonomy in battleground 
situations. 

A general-purpose robot acts as a guide during the 
day and a security guard at night

At present, there are two main types of robots, 
based on their use: general-purpose autonomous 
robots and dedicated robots.Robots can be classified 
by their specificity of purpose. A robot might be 
designed to perform one particular task extremely 
well, or a range of tasks less well. Of course, all robots 
by their nature can be re-programmed to behave 
differently, but some are limited by their physical 
form. For example, a factory robot arm can perform 
jobs such as cutting, welding , acting as a fairground 
ride, while a pick-and-place robot can only populate 
printed circuit boards.

9.General-purpose autonomous robots

General-purpose autonomous robots can perform 



34 The Exponent Group of Journals For General Engineering, Volume 3, Number 3, June 2015 - Aug 2015

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

a variety of functions independently. General-
purpose autonomous robots typically can navigate 
independently in known spaces, handle their own 
re-charging needs, interface with electronic doors 
and elevators and perform other basic tasks. Like 
computers, general-purpose robots can link with 
networks, software and accessories that increase 
their usefulness. They may recognize people or 
objects, talk, provide companionship, monitor 
environmental quality, respond to alarms, pick up 
supplies and perform other useful tasks. General-
purpose robots may perform a variety of functions 
simultaneously or they may take on different roles 
at different times of day. Some such robots try 
to mimic human beings and may even resemble 
people in appearance; this type of robot is called a 
humanoid robot. Humanoid robots are still in a very 
limited stage, as no humanoid robot can, as of yet, 
actually navigate around a room that it has never 
been in. Thus, humanoid robots are really quite 
limited, despite their intelligent behaviors in their 
well-known environments.

10.Factory robots

A.Car production
Over the last three decades, automobile 
factories have become dominated by robots. A 
typical factory contains hundreds of industrial 
robots working on fully automated production 
lines, with one robot for every ten human 
workers. On an automated production line, a 
vehicle chassis on a conveyor is welded, glued, 
painted and finally assembled at a sequence of 
robot stations.

B.Packaging
Industrial robots are also used extensively for 
palletizing and packaging of manufactured goods, 
for example for rapidly taking drink cartons from 
the end of a conveyor belt and placing them into 
boxes, or for loading and unloading machining 
centres.

C.Electronics

Mass-produced printed circuit boards (PCBs) are 
almost exclusively manufactured by pick-and-
place robots, typically with SCARA manipulators, 
which remove tiny electronic components from 
strips or trays, and place them on to PCBs with 
great accuracy. Such robots can place hundreds 
of thousands of components per hour, far out-
performing a human in speed, accuracy, and 
reliability.

D.Automated guided vehicles (AGVs)
Mobile robots, following markers or wires in 
the floor, or using vision  or lasers, are used to 
transport goods around large facilities, such as 
warehouses, container ports, or hospitals. 
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An intelligent AGV drops-off goods without 
needing lines or beacons in the workspace

E.Early AGV-style robots
Limited to tasks that could be accurately defined 
and had to be performed the same way every 
time. Very little feedback or intelligence was 
required, and the robots needed only the most 
basic exteroceptors (sensors). The limitations of 
these AGVs are that their paths are not easily 
altered and they cannot alter their paths if 
obstacles block them. If one AGV breaks down, it 
may stop the entire operation.

11.Space probes

Almost every unmanned space probe ever launched 
was a robot. Some were launched in the 1960s with 
very limited abilities, but their ability to fly and land.

12.Telerobots

Technician prepares to use a telerobot to detonate 
a buried  improvised explosive device

Teleoperated robots, or telerobots, are devices 
remotely operated from a distance by a human 
operator rather than following a predetermined 
sequence of movements, but which has semi-
autonomous behaviour. They are used when a 
human cannot be present on site to perform a job 
because it is dangerous, far away, or inaccessible. 
The robot may be in another room or another 
country, or may be on a very different scale to the 
operator. For instance, a laparoscopic surgery robot 
allows the surgeon to work inside a human patient 
on a relatively small scale compared to open surgery, 

significantly shortening recovery time. They can also 
be used to avoid exposing workers to the hazardous 
and tight spaces such as in duct cleaning. When 
disabling a bomb, the operator sends a small robot 
to disable it.

13.Automated fruit harvesting machines

Robots are used to automate picking fruit on orchards 
at a cost lower than that of human pickers.

14.Domestic robots

Domestic vacuum cleaner robot does a single, 
menial job

Domestic robots are simple robots dedicated to a 
single task work in home use. They are used in simple 
but unwanted jobs, such as vacuum cleaning, floor 
washing, and lawn mowing. 

15.Entertainment

Some robots are used for entertainment and as a 
demonstration of the newest technology 

16.Mining robots

Mining robots are designed to solve a number of 
problems currently facing the mining industry, 
including skills shortages, improving productivity 
from declining ore grades, and achieving 
environmental targets. Due to the hazardous nature 
of mining, in particular underground mining, the 
prevalence of autonomous, semi-autonomous, 
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and tele-operated robots has greatly increased in 
recent times. A number of vehicle manufacturers 
provide autonomous trains, trucks and loaders that 
will load material, transport it on the mine site to its 
destination, and unload without requiring human 
intervention

Drilling, longwall and rockbreaking machines are now 
also available as autonomous robots.  These systems 
greatly enhance the safety and efficiency of mining 
operations.

17.Healthcare

Robots in healthcare have two main functions. 
Those which assist an individual, such as a sufferer 
of a disease like Multiple Sclerosis, and those which 
aid in the overall systems such as pharmacies and 
hospitals.
Home automation for the elderly and disabled

The Care-Providing Robot FRIEND

Robots used in home automation have developed 
over time from simple basic robotic assistants, 
such as the Handy, through to semi-autonomous 
robots, such as FRIEND which can assist the elderly 
and disabled with common task.The population 
is aging in many countries, especially Japan, meaning 
that there are increasing numbers of elderly people 
to care for, but relatively fewer young people to care 
for them. Humans make the best carers, but where 

they are unavailable, robots are gradually being 
introduced. 

FRIEND is a semi-autonomous robot designed to 
support disabled and elderly people in their daily life 
activities, like preparing and serving a meal. FRIEND 
make it possible for patients who are paraplegic, 
have muscle diseases or serious paralysis (due to 
strokes etc.), to perform tasks without help from 
other people like therapists or nursing staff.

18.Pharmacies

Script Pro manufactures a robot designed to 
help pharmacies fill prescriptions that consist 
of oral solids or medications in pill form. 
The pharmacist or pharmacy technician enters the 
prescription information into its information system. 
The system, upon determining whether or not the 
drug is in the robot, will send the information to the 
robot for filling. The robot has 3 different size vials 
to fill determined by the size of the pill. The robot 
technician, user, or pharmacist determines the 
needed size of the vial based on the tablet when the 
robot is stocked. Once the vial is filled it is brought 
up to a conveyor belt that delivers it to a holder 
that spins the vial and attaches the patient label. 
Afterwards it is set on another conveyor that delivers 
the patient’s medication vial to a slot labeled with the 
patient’s name on an LED read out. The pharmacist 
or technician then checks the contents of the vial to 
ensure it’s the correct drug for the correct patient 
and then seals the vials and sends it out front to be 
picked up. The robot is a very time efficient device 
that the pharmacy depends on to fill prescriptions.

19.Research robots

While most robots today are installed in factories 
or homes, performing labour or life saving jobs, 
many new types of robot are being developed 
in laboratories around the world. Much of the 
research in robotics focuses not on specific industrial 
tasks, but on investigations into new types of robot, 
alternative ways to think about or design robots, and 
new ways to manufacture them. It is expected that 
these new types of robot will be able to solve real 
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world problems when they are finally realized.
20.Nanorobots

A microfabricated electrostatic gripper holding 
some silicon nanowires

Nanorobotics is the emerging technology field of 
creating machines or robots whose components are 
at or close to the microscopic scale of a nanometer 
(10−9 meters). Also known as “nanobots” or 
“nanites”, they would be constructed from molecular 
machines. So far, researchers have mostly produced 
only parts of these complex systems, such as 
bearings, sensors, and synthetic molecular motors, 
but functioning robots have also been made such as 
the entrants to the Nanobot Robocup contest.

21.Reconfigurable robots

A few researchers have investigated the possibility of 
creating robots which can alter their physical form to 
suit a particular task. Real robots are nowhere near 
that sophisticated however, and mostly consist of a 
small number of cube shaped units, which can move 
relative to their neighbours. Algorithms have been 
designed in case any such robots become a reality. 

22.Soft robots

Robots with silicone bodies and flexible actuators (air 
muscles, electroactive polymers, and ferrofluids), 
controlled using fuzzy logic and neural networks, look 
and feel different from robots with rigid skeletons, 
and can have different behaviors. 

23.Swarm robots

A swarm of robots from the open-source micro-
robotic project

Inspired by colonies of insects such as ants and bees, 
researchers are modeling the behavior of swarms of 
thousands of tiny robots which together perform 
a useful task, such as finding something hidden, 
cleaning, or spying. Each robot is quite simple, 
but the emergent behavior of the swarm is more 
complex. The whole set of robots can be considered 
as one single distributed system, in the same way 
an ant colony can be considered a super organism, 
exhibiting swarm intelligence

24.Haptic interface robots

Robotics also has application in the design of virtual 
reality interfaces. Specialized robots are in 
widespread use in the haptic research community. 
These robots, called “haptic interfaces”, allow 
touch-enabled user interaction with real and virtual 
environments. Robotic forces allow simulating the 
mechanical properties of “virtual” objects, which 
users can experience through their sense of touch. 

Future development:
Technological trends:
Various techniques have emerged to develop 
the science of robotics and robots. One method 
is evolutionary robotics, in which a number of 
differing robots are submitted to tests. Those 
which perform best are used as a model to create a 
subsequent “generation” of robots. Another method 
is developmental robotics, which tracks changes and 
development within a single robot in the areas of 
problem-solving and other functions.
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Summary

There are many jobs which humans would rather leave 
to robots. The job may be boring, such as domestic 
cleaning, or dangerous, such as exploring inside 
a volcano. Other jobs are physically inaccessible, 
such as exploring another cleaning the inside of a 
long pipe, or performing laproscopic surgery.

Toy robots

References
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Pollution Control Part II

- Amit Khamkar
E-mail: amitpkhamkar@gmail.com

Introduction

In the earlier edition of this magazine , we have been 
introduced to the types of pollution viz (a) water 
pollution, (b) air pollution, (c) land pollution and (d) 
noise pollution. A serious concern for pollution has 
arisen among ecologists, sociologists, scientists and 
engineers, with even the general public joining hands. 
India is the first country, which has made provisions 
for the protection and improvement of environment 
in its Constitution. This section will cover the effects 
of pollution and its control measures with the basic 
aim to achieve air and water quality within acceptable 
levels.

Effects of water pollution
 
You have noticed in the previous section that water 
pollution is very harmful to humans, animals and 
water life. The effects can be catastrophic, depending 
on the kind of chemicals, concentrations of the 
pollutants and where there are polluted.

Many water bodies near urban areas (cities and 
towns) are highly polluted. This is the result 
of both garbage dumped by individuals and 
dangerous chemicals legally or illegally dumped by 
manufacturing industries, health centres, schools 
and market places.

Death of aquatic (water) animals
The main problem caused by water pollution is that 
it kills life that depends on these water bodies. Dead 
fish, crabs, birds and sea gulls, dolphins, and many 
other animals often wind up on beaches, killed by 

pollutants in their habitat (living environment).

Disruption of food-chains
Pollution disrupts the natural food chain as well. 
Pollutants such as lead and cadmium are eaten by 
tiny animals. Later, these animals are consumed by 
fish and shellfish, and the food chain continues to be 
disrupted at all higher levels.

 

Diseases
Eventually, humans are affected by this process as 
well. People can get diseases such as hepatitis by 
eating seafood that has been poisoned. In many 
poor nations, there is always outbreak of cholera and 
diseases as a result of poor drinking water treatment 
from contaminated waters.

Destruction of ecosystems
Ecosystems (the interaction of living things in a place, 
depending on each other for life) can be severely 
changed or destroyed by water pollution. Many areas 
are now being affected by careless human pollution, 
and this pollution is coming back to hurt humans in 
many ways.
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What are the effects of air pollution?
Below are a few key effects of air pollution:

Acidification:
Chemical reactions involving air pollutants can 
create acidic compounds which can cause harm 
to vegetation and buildings. Sometimes, when an 
air pollutant, such as sulfuric acid combines with 
the water droplets that make up clouds, the water 
droplets become acidic, forming acid rain. When 
acid rain falls over an area, it can kill trees and harm 
animals, fish, and other wildlife.

Acid rain destroys the leaves of plants.
When acid rain infiltrates into soils, it changes the 
chemistry of the soil making it unfit for many living 
things that rely on soil as a habitat or for nutrition. 
Acid rain also changes the chemistry of the lakes and 
streams that the rainwater flows into, harming fish 
and other aquatic life.

Eutrophication:
Rain can carry and deposit the Nitrogen in some 
pollutants on rivers and soils. This will adversely affect 
the nutrients in the soil and water bodies. This can 
result in algae growth in lakes and water bodies, and 
make conditions for other living organism harmful.

Ground-level ozone:
Chemical reactions involving air pollutants create 
a poisonous gas ozone (O3). Gas Ozone can affect 
people’s health and can damage vegetation types 
and some animal life too.

Particulate matter:
Air pollutants can be in the form of particulate 
matter which can be very harmful to our health. 
The level of effect usually depends on the length of 
time of exposure, as well the kind and concentration 

of chemicals and particles exposed to. Short-term 
effects include irritation to the eyes, nose and throat, 
and upper respiratory infections such as bronchitis 
and pneumonia. Others include headaches, nausea, 
and allergic reactions. Short-term air pollution can 
aggravate the medical conditions of individuals 
with asthma and emphysema. Long-term health 
effects can include chronic respiratory disease, lung 
cancer, heart disease, and even damage to the brain, 
nerves, liver, or kidneys. Continual exposure to air 
pollution affects the lungs of growing children and 
may aggravate or complicate medical conditions in 
the elderly.

Effects of land pollution
 
There can be catastrophic consequences of land 
pollution in relation to humans, animals, water and 
soils. The effects are even worse if the garbage is 
not separated into organic, re-usable and recyclable 
waste. 
 
Contaminated lands and environments can:
• Cause problems in the human respiratory system.
• Cause problems on the skin.
• Cause various kinds of cancers.

The toxic materials that pollute the soil can get into 
the human body directly by:
• Coming into contact with the skin.
• Being washed into water sources like reservoirs 

and rivers.
• Eating fruits and vegetables that have been 

grown in polluted soil.
• Breathing in polluted dust or particles.

 
Dump sites and landfills also come with serious 
problems like
• Very bad smell and odour in the town.
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• Landfills breed rodents like rats, mice and insects, 
who in-turn transmit diseases.

• Landfills in towns do not attract tourists to the 
town. The town will lose revenue.

• Many landfills are always burning and they cause 
further air pollution.

Effects of noise pollution

Generally, problems caused by noise pollution 
include stress related illnesses, speech interference, 
hearing loss, sleep disruption, and lost productivity. 
Most importantly, there are three major effects we 
can look at:

Hearing
The immediate and acute effect of noise pollution 
to a person, over a period of time, is impairment of 
hearing. Prolonged exposure to impulsive noise to a 
person will damage their eardrum, which may result 
in a permanent hearing impairment.

Marine Animals
Marine scientists are concerned about excessive 
noise used by oil drills, submarines and other 
vessels on and inside the ocean. Many marine 
animals, especially whales, use hearing to find food, 
communicate, defend and survive in the ocean. 
Excessive noises are causing a lot of injuries and 
deaths to whales. Many of these beached whales 
have suffered physical trauma, including bleeding 
around the brain, ears and other tissues and large 
bubbles in their organs. This is not only about whales, 
but the larger marine life is all affected in one way or 
the other.

Effects on general health

Health effects of noise include anxiety and stress 
reaction and in extreme cases fright. The physiological 
manifestations are headaches, irritability and 
nervousness, feeling of fatigue and decreases work 
efficiency. For example, being pounded by the siren 
of fire fighters, police or ambulance in your city 
all night everyday leave people (especially elderly 

people) stresses and tired in the morning.

It is worth noting that these effects may not 
sound troubling, but the truth is, with time, the 
consequences can be very worrying.

Pollution Control Aspects

Solution efforts on pollution are always a big problem. 
This is why prevention interventions are always a 
better way of controlling pollution. These prevention 
methods can either come from government (laws) or 
by individual actions. It can be controlled by a proper 
choice of preventive and remedial measures.

Prevention of water pollution:
 
Dealing with water pollution is something that 
everyone (including governments and local councils) 
needs to get involved with. Here are a few things you 
can do to help:

• Never throw rubbish away anyhow. Always look 
for the correct waste bin. If there is none around, 
please take it home and put it in your trash can. 
This includes places like the beach, riverside and 
water bodies.

• Use water wisely. Do not keep the tap running 
when not in use. Also, you can reduce the amount 
of water you use in washing and bathing. If we 
all do this, we can significantly prevent water 
shortages and reduce the amount of dirty water 
that needs treatment.

• Do not throw chemicals, oils, paints and medicines 
down the sink drain, or the toilet. In many cities, 
your local environment office can help with the 
disposal of medicines and chemicals. Check 
with your local authorities if there is a chemical 
disposal plan for local residents.

• Buy more environmentally safe cleaning liquids 
for use at home and other public places. They are 
less dangerous to the environment.
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• If you use chemicals and pesticides for your 
gardens and farms, be mindful not to overuse 
pesticides and fertilizers. This will reduce runoffs 
of the chemical into nearby water sources. Start 
looking at options of composting and using 
organic manure instead.

• If you live close to a water body, try to plant lots 
of trees and flowers around your home, so that 
when it rains, chemicals from your home does 
not easily drain into the water.

 

Governments, local councils and laws 
Many governments have very strict laws that help 
minimize water pollution. These laws are usually 
directed at industries, hospitals, schools and market 
areas on how to dispose, treat and manage sewage. 
In many developed cities, waste or sewage treatment 
is very efficient, and designed to minimise pollution 
of water bodies.

Air pollution prevention, monitoring and solution:
 
In many big cities, monitoring equipment have been 
installed at many points in the city. Authorities read 
them regularly to check the quality of air. Let’s see 
more below:

Government (or community) level prevention
• Governments throughout the world have already 

taken action against air pollution by introducing 
green energy. Some governments are investing 
in wind energy and solar energy, as well as 
other renewable energy, to minimize burning of 
fossil fuels, which cause heavy air pollution.

• Governments are also forcing companies to 
be more responsible with their manufacturing 
activities, so that even though they still cause 
pollution, they are a lot controlled.

• Car manufacturing companies are also building 
more energy efficient cars, which pollute less 
than before.

Individual Level Prevention

• Encourage your family to use the bus, train or 
bike when commuting. If we all do this, there will 
be fewer cars on road and less fumes.

• Use energy (light, water, boiler, kettle and fire 
woods) wisely. This is because lots of fossil fuels 
are burned to generate electricity, and so if we 
can cut down the use, we will also cut down the 
amount of pollution we create.

• Recycle and re-use things. This will minimize the 
dependence of producing new things. Remember 
manufacturing industries create a lot of pollution, 
so if we can re-use things like shopping plastic 
bags, clothing, paper and bottles, it can help.

 

How to prevent land pollution?
 
Here are few tips on how you can help reduce land 
pollution:

• People should be educated and made aware 
about the harmful effects of littering. Discuss 
with friends and family and talk about it.

• Reuse any items that you can. Items like clothing, 
bottles, wrapping paper and shopping bags can 
be used over and over again, rather than buying 
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new things.
 
The greatest prevention to land pollution is in the 
three ‘R’s’ … 
 
Reduce Waste, Re-use things and Recycle things. This 
is true even for governments. They can also use the 
three ‘R’ rule to minimize the amount of waste that 
ends up in landfills. After the three ‘R’s, remember to 
turn the rest of the garbage into compost.

• Personal litter should be disposed properly. 
We can separate household waste at home 
for recycling. More than half of our household 
waste could be recycled or re-used but once it is 
mixed up, it becomes more difficult to separate 
different components for recycling. This is also 
true for waste we make at school or hospitals.

• Buy biodegradable products.

• Store all liquid chemicals and waste in spill-proof 
containers.

• Eat organic foods that are grown without 
pesticides. Look out for fertilizer or pesticide free 
products when you go to the market. 

• Don’t use pesticides if you can.

• Use a drip tray to collect engine oil.

• Buy products that have little packaging.

• Don’t dump motor oil on the ground.

• Governments can also ensure that there are 

incentives for people to recycle and re-use things. 

Noise pollution prevention and control tips:

Below are a few things people and governments can 
do to make our communities and living laces quieter:

• Construction of soundproof rooms for noisy 
machines in industrial and manufacturing 
installations must be encouraged. This is also 
important for residential building—noisy 
machines should be installed far from sleeping 
and living rooms, like in a basement or garage.

• Use of horns with jarring sounds, motorbikes 
with damaged exhaust pipes, noisy trucks to be 
banned.

• Noise producing industries, airports, bus and 
transport terminals and railway stations to 
sighted far from where living places.

• Community law enforcers should check the misuse 
of loudspeakers, worshipers, outdoor parties and 
discos, as well as public announcements systems.

• Community laws must silence zones near schools 
/ colleges, hospitals etc.

• Vegetation (trees) along roads and in residential 
areas is a good way to reduce noise pollution as 
they absorb sound.

Summary

We have now realized how Pollution affects the 
system and the importance of preventing the same 
as a foundation for life. Almost all states in India have 
set up boards for prevention and control of water and 
Air pollution. Almost all universities and engineering 
institutions have incorporated courses or disciplines 
on environmental science and/ or engineering. Yet 
there is need to understand the situation which 
is really alarming and act accordingly to save our 
mother earth. 
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