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Editorial

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

Dear  readers 

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

We all are aware of some or other form of sealing 
elements . Most common being O rings. Today, 
billions of 0-rings are used for almost every 
conceivable sealing application, including fluid power, 
fluid containment, seal pumps, valves, cylinders, 
and fittings in passenger cars, trucks,aircraft, farm 
equipment, industrial hydraulic equipment, home 
appliances and plumbing. Every body is very much 
familiar WITH  ‘O’ring for Pressure cooker. We are 
including an very useful article on  O Rings. This 
is focusing on the theory of Sealing with O rings, 
various application and various materials for O rings , 
suitable for various applications.

No Engineer can complete his studies without 
knowing  Albert Einstein and his theories. He is one 
of the greatest thinkers and physicist of 20th century, 
with so many inventions, discoveries, theories to 
his name. In that, his  world famous equation “e = 
mc2” unlocked mysteries of the Universe theretofore 
unknown. Almost every day we spend, is governed 
in some way or the other by the laws he has 
discovered. But the moment one tries to read these 
laws, it becomes a herculean task to understand the 
simplicity behind it. You will find very  interesting to 
read  the article ‘ Einstein Simplified! ‘ , which is  trying 
to explain some of his most difficult -to-understand 
laws and theories.

For better environment it is need of the hour that 
technology and nature go ahead hand in hand. Most 
of the air pollution is caused due to the automobile 

sector, thus it’s necessary to have a control on the 
polluting emissions. Also due to the depletion of 
natural oil reserves we need to search for better 
option, which may replace the conventional fuels. 
Use of combination of Hydrogen and Oxygen mixtures 
in gasoline engine can be a solution to this problem.  
Thus how the concept of  Dual-Hybrid engine  can 
be brought into existence is discussed in the article 
“ Hydrogen Oxygen combination gasoline Engine. “

We know today,  India has mastered the satellite 
launching technology and  we are one of the global 
leaders in the field . Lot many other countries 
are looking to us for launching their satellites for 
many common everyday services such as weather 
forecasting, remote sensing, GPS systems, satellite 
television, and some long distance communications 
systems. They all  critically rely on space infrastructure. 
Most of us are really not aware of this space 
technology. So we have  specially included an article 
on Space Technology to give little insight about this 
fascinating technology.

Then we are discussing one more  manufacturing 
processes viz  Forging process in the next article. 
In this article we will study how various items are 
manufactured with Forging process. And how the  
properties of these forged components are enhanced. 

We will continue to discuss  various useful and 
interesting engineering concepts in coming issues. 
Hope you are enjoying reading these informative 
topics and are  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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Universal Sealing Device  -  O Rings

-  Prasad Parekar
E-mail: Prasad_parekar02@yahoo.co.in

WHAT IS AN O - RING

The basic O-ring design has been in use for many 
years. Prior to World War 11, O-ring availability and 
usage was very limited. However, after World War II, 
O-ring usage increased dramatically, primarily due 
to the standardization of sizes and extensive aircraft 
applications.

Today, billions of 0-rings are used for almost every 
conceivable sealing application, including fluid 
power, fluid containment, and a wide variety of non-
sealing applications. They are used to seal pumps, 
valves, cylinders, and fittings in passenger cars, 
trucks, aircraft, farm equipment, industrial hydraulic 
equipment, home appliances and plumbing.

0-rings can also be used in a variety of non-sealing 
applications, such as bumpers, drive  belts, tension 
bands, conveyors, spacers, and friction drives.

An O-ring, also known as a packing, or a toric joint, is 
a mechanical gasket in the shape of a torus; it is a loop 
of elastomer with a round cross-section, designed 
to be seated in a groove and compressed during 
assembly between two or more parts, creating a seal 
at the interface.

The O-ring may be used in static applications or in 
dynamic applications where there is relative motion 
between the parts and the O-ring. Dynamic examples 
include rotating pump shafts and hydraulic cylinder 
pistons.

O-rings are one of the most common seals used 
in machine design because they are inexpensive, 

easy to make, reliable, and have simple mounting 
requirements. They can seal tens of megapascals 
(thousands of psi) of pressure.

History

The first patent for the O-ring, is dated May 12, 1896 
as a Swedish patent. J. O. Lundberg, the inventor of 
the O-ring, The US patent for the O-ring was filed in 
1937 by a  72-year-old Danish-born machinist, Niels 
Christensen. He came to the USA in 1891 and soon 
after that patented an air brake system for streetcars 
(trams). Despite his legal efforts, his intellectual 
property rights were passed from company to 
company until they ended up at Westinghouse.
[4] During World War II, the US government 
commandeered the O-ring patent as a critical war-
related item and gave the right to manufacture to 
other organizations. Christensen received a lump 
sum payment of US$75,000 for his efforts. Litigation 
resulted in a $100,000 payment to his heirs in 1971, 
19 years after his death.

Theory and design
HOW DO O-RINGS SEAL?

An O-ring seals by blocking any potential leak path 
of a fluid (liquid or gas) between two closely spaced 
surfaces. The O-ring is generally installed in a 
machined groove in one of the surfaces to be sealed. 
As the two surfaces are brought together, forming a 
gland, they  squeeze the cross section of the O-ring. 
This squeezing action results in a deformation of  the 
O-ring cross section. With O-rings, the greater the 
squeeze, the larger the deformation.
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It is the unique characteristics of the elastomer 
material used in 0-rings that makes the O ring 
such a good seal. The elastomer, a highly viscous, 
incompressible fluid with high surface tension, has a 
capacity for remembering its original shape for a long 
time. In low-pressure applications (that is, where 
the confined fluid exerts little or no pressure on the 
O-ring), the tendency of the elastomer to maintain 
its original shape creates the seal. As the O-ring is 
deformed when the mating surfaces are brought 
together, it exerts a force against the mating surfaces 
equal to the force it takes to squeeze it. The areas of 
contact between the O-ring and the mating surfaces 
(contact bands) act as a barrier to block the passage 
of the fluid.

In applications where higher pressure is exerted 
by the confined fluid, the sealing action of the 
O-ring caused by the squeeze of its cross-section is 
augmented by fluid pressure, transmitted through 
the elastomer. The O-ring is forced to the side of the 
gland, away from the pressure. As it is pressed against 
the side, the O-ring, cross section is deformed into a 
“p” configuration. The Elastomer exerts equal force 
in all directions and is forced up to (but not into) the 
gap between the mating surfaces. 

When pressure is released, the O-ring returns to 
approximately its original installed shape, ready for 
the next application of pressure. The O-ring is also 
able to seal in both directions. In a double acting 
system where the pressure application changes from 
one side of the O-ring to the other, the O-ring moves, 
seating itself in the opposite side of the gland.

If pressure exceeds the limits of the O-ring, or if 
the gap that the O-ring must block is too large, the 

elastomer will enter the narrow gap between the 
inner and outer members of the gland. This may 
result in extrusion failure, causing the fluid to leak.

O-ring mounting for an ultra-high vacuum application 
and Pressure distribution within the cross-section of 
the O-ring.In the above figure ,the orange lines are 
hard surfaces, which apply high pressure. The fluid in 
the seams has lower pressure. The soft O-ring bridges 
the pressure over the seams.

O-rings are available in various metric and inch 
standard sizes. Sizes are specified by the inside 
diameter and the cross section diameter (thickness). 
In the US the most common standard inch sizes are 
per SAE AS568C specification (e.g. AS568-214). ISO 
3601-1:2012 contains the most commonly used 
standard sizes, both inch and metric, worldwide. 
The UK also has standards sizes known as BS sizes, 
typically ranging from BS001 to BS932. Several other 
size specifications also exist.

Manufacturing

O-rings can be produced by extrusion, injection 
molding, pressure molding or transfer molding

Typical applications

Successful O-ring joint design requires a rigid 
mechanical mounting that applies a predictable 
deformation to the O-ring. This introduces a 
calculated mechanical stress at the O-ring contacting 
surfaces. As long as the pressure of the fluid being 
contained does not exceed the contact stress of 
the O-ring, leaking cannot occur. Fortunately, the 
pressure of the contained fluid transfers through the 
essentially incompressible O-ring material, and the 
contact stress rises with increasing pressure. For this 
reason, an O-ring can easily seal high pressure as long 
as it does not fail mechanically. The most common 
failure is extrusion through the mating parts.

The seal is designed to have a point contact between 
the O-ring and sealing faces. This allows a high 
local stress, able to contain high pressure, without 
exceeding the yield stress of the O-ring body. The 



6 The Exponent Group of Journals For General Engineering, Volume 4, Number 1, Dec 2015 - Feb 2016

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

flexible nature of O-ring materials accommodates 
imperfections in the mounting parts. But it is 
still important to maintain good surface finish of 
those mating parts, especially at low temperatures 
where the seal rubber reaches its glass transition 
temperature and becomes increasingly crystalline. 
Surface finish is also especially important in dynamic 
applications. A surface finish that is too rough will 
abrade the surface of the O-ring, and a surface that is 
too smooth will not allow the seal to be adequately 
lubricated by a fluid film.

Vacuum applications

In vacuum applications, the permeability of the 
material makes point contacts quite useless. Instead, 
higher mounting forces are used and the ring fills the 
whole groove. Also, round back-up rings are used to 
save the ring from excessive deformation . Because 
the ring feels the ambient pressure and the partial 
pressure of gases only at the seal, their gradients 
will be steep near the seal and shallow in the bulk 
(opposite to the gradient of the contact stress. High-
vacuum systems below 10−9 Torr use copper or 
nickel O-rings. Also, vacuum systems that have to 
be immersed in liquid nitrogen use indium O-rings, 
because rubber becomes hard and brittle at low 
temperatures.

High temperature applications

In some high-temperature applications, O-rings may 
need to be mounted in a tangentially compressed 
state, to compensate for the Gow-Joule effect.

Sizes :

O-rings come in a variety of sizes British Standard 
(BS) which are imperial sizes or metric sizes. Typical 
dimensions of an O-ring are internal dimension (id), 
outer dimension (od) and thickness / cross section 
(cs)

Metric : O-rings are usually defined by the internal 
dimension x the cross section. Typical part number for 
a metric O-ring - ID x CS [material &shore hardness] 
2x1N70 = defines this O-ring as 2mm id with 1mm 

cross section made from Nitrile rubber which is 70Sh

BS  : O-rings are defined by a standard reference no
 

Some small O-rings

O-ring selection is based on chemical compatibility, 
application temperature, sealing pressure, lubrication 
requirements, durometer, size and cost.

Material

0-rings are manufactured from a variety of 
elastomers which are blended to form compounds. 
These compounds exhibit unique properties such as 
resistance to certain fluids, temperature extremes 
and life. The following section describes the various 
elastomers and their inherent properties
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 1) Epichlorohydrin rubber(ECH, ECO)
Ethylene propylene diene monomer (EPDM): good 
resistance to hot water and steam, detergents, 
caustic potash solutions, sodium hydroxide solutions, 
silicone oils and greases, many polar solvents 
and many diluted acids and chemicals. Special 
formulations are excellent for use with glycol-based 
brake fluids. Unsuitable for use with mineral oil 
products: lubricants, oils, or fuels. Peroxide-cured 
compounds are suitable for higher temperatures.

2) Fluoroelastomer (FKM): noted for their very high 
resistance to heat and a wide variety of chemicals. 
Other key benefits include excellent resistance to 
aging and ozone, very low gas permeability and 
the fact that the materials are self-extinguishing. 
Standard FKM materials have excellent resistance 
to mineral oils and greases, aliphatic, aromatic and 
chlorinated hydrocarbons, fuels, non-flammable 
hydraulic fluids (HFD) and many organic solvents 
and chemicals. Generally not resistant to hot water, 
steam, polar solvents, glycol-based brake fluids and 
low molecular weight organic acids. In addition to 
the standard FKM materials, a number of specialty 
materials with different monomer compositions and 
fluorine content (65% to 71%) are available that offer 
improved chemical or temperature resistance and/or 
better low temperature performance.

3) Nitrile rubber (NBR, HNBR, HSN): a common 
material for o-rings because of its good mechanical 
properties, its resistance to lubricants and greases, 
and its relatively low cost. The physical and 
chemical resistance properties of NBR materials are 
determined by the acrylonitrile (ACN) content of the 
base polymer: low content ensures good flexibility 
at low temperatures, but offers limited resistance to 
oils and fuels. As the ACN content increases, the low 
temperature flexibility reduces and the resistance 
to oils and fuels improves. Physical and chemical 
resistance properties of NBR materials are also 
affected by the cure system of the polymer. Peroxide-
cured materials have improved physical properties, 
chemical resistance and thermal properties, as 
compared to sulfur-donor-cured materials. Standard 
grades of NBR are typically resistant to mineral 
oil-based lubricants and greases, many grades of 

hydraulic fluids, aliphatic hydrocarbons, silicone 
oils and greases and water to about 80 °C. NBR is 
generally not resistant to aromatic and chlorinated 
hydrocarbons, fuels with a high aromatic content, 
polar solvents, glycol-based brake fluids and non-
flammable hydraulic fluids (HFD). NBR also has low 
resistance to ozone, weathering and aging. HNBR 
has considerable improvement of the resistance to 
heat, ozone and aging, and gives it good mechanical 
properties.

Nitrite, Buna N, or NBRNitrite is the most widely 
used elastomer in the seal Industry. The popularity of 
nitrite isdue to its excellent resistance to petroleum 
products and its ability to be compounded forservice 
over a temperature range of --67”F to 257°F (--55°C 
to 12b°G).

Nitrite is a copolymer of butadiene and acrylonitrile. 
Variation in proportions of thesepolymers is possible 
to accommodate specific requirements, An increase 
in acrylonitrilecontent increases resistance to heat 
plus petroleum base oils and fuels but decreases low
temperature flexibility. Military AN and MS O-ring 
specifications require nitritecompounds with low 
acrylonitrile content to insure low temperature 
performance.Nitrite provides excellent compression 
set, tear, and abrasion resistance. The majorlimiting 
properties of nitrite are its poor ozone and weather 
resistance and moderate heat resistance.

Advantages:

• Good balance of desirable properties
• Excellent oil and fuel resistance
• Good water resistance
• 
Disadvantages:

• Poor weather resistance
• Moderate heat resistance

4) Ethlyene-Propylene, EP, En or EPDM

Ethlyene-propylene compounds are prepared 
from ethylene and propylene and usually athird 
monomer. These compounds are used frequently 



8 The Exponent Group of Journals For General Engineering, Volume 4, Number 1, Dec 2015 - Feb 2016

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

to seal phosphate ester fireresistant hydraulic fluids 
such as Skydrol. They are also very effective in 
brake systems,and for sealing hot water and steam. 
Ethylene-propylene compounds have good
resistance to mild acids, alkalis, silicone oils and 
greases, ketones, and alcohols. They arenot 
recommended for petroleum oils or di-ester 
lubricants. Ethylene-propylene has atemperature 
range of -67°F to 302°F (-55°C to 150°C). It is 
compatible with polar fluids that adversely affect 
other elastomers.

Advantages:

• Excellent weather resistance
• Good low temperature flexibility
• Excellent chemical resistance
• Good heat resistance

Disadvantage:

• Poor petroleum oil and solvent resistance

5) Chloroprene, Neoprene, or CR

Neoprene is a polymer of chlorobutadiene and is 
unusual In that it is moderately resistantto both 
petroleum oils and weather (ozone, sunlight, oxygen). 
This qualifies neoprene forO-ring service where 
many other elastomers would not be satisfactory. It is 
also used extensively for sealing refrigeration fluids. 
Neoprene has good compression setcharacteristics 
and a temperature range of -67”F to 284°F (-55°C to 
140°C).

Advantages:

• Moderate weather resistance
• Moderate 0 resistance
• Versatile
Disadvantage:

• Moderate solvent and water resistance

6) Fluorocarbon, Viton®, Fluorel, or FKM

Fluorocarbon combines resistance to a broader 

range of chemicals than any of the otherelastomers. 
It constitutes the closest available approach to 
the universal O-ring elastomer.Although most 
fluorocarbon compounds become quite hard at 
temperatures below -4°F (-20°C), they do not easily 
fracture, so they are serviceable at much lower 
temperatures.Fluorocarbon compounds provide a 
continuous 437”F (225°C) high temperaturecapability.

Advantages:

• Excellent chemical resistance
• Excellent heat resistance
• Good mechanical properties
• Good compression set resistance

Disadvantage:

• Fair low temperature resistance

7) Silicone or PVMQ

Silicone is a semi-organic elastomer with outstanding 
resistance to extremes oftemperature. Specially 
compounded, it can provide reliable service at 
temperatures as lowas -175°F (-115°C) to as high 
as 4132°F (250”C) continuously. Silicone also has 
goodresistance to compression set.Low physical 
strength and abrasion resistance combined with 
high friction limit siliconeto static seals. Silicone is 
used primarily for dry heat static seals. Although it 
swellsconsiderably in petroleum lubricants, this is 
not detrimental in most static sealing applications.

Advantages:

• Excellent at temperature extremes
• Excellent compression set resistance

Disadvantage:
• Poor physical strength

8) Fluorosilicone or FVMQ

Fluorosilicones combine most of the attributes 
of silicone with resistance to petroleumoils and 
hydrocarbon fuels. Low physical strength and 
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abrasion resistance combined withhigh friction limit 
fluorosilicone to static seals. Fluorosilicones are used 
primarily in aircraft fuel systems over a temperature 
range of -85°F to 347oF (-65°C to 175°C).

Advantages:

• Excellent at temperature extremes
• Good resistance to petroleum oils and fuels
• Good compression sot resistance

Disadvantage:

• Poor physical strength

9) Styrene-Butadiene or SBR

Styrene-butadiene compounds have properties 
similar to those of natural rubber and areprimarily 
used in the manufacture of tires. Their use in 
O-rings has been mostly inautomobile brake 
systems and plumbing. Ethylene-propylene, a more 
recentdevelopment, is gradually replacing styrene-
butadiene in brake service. Temperaturerange is 
-67°F to 212°F (-55”C to 100”C).

Advantages:

• Good resistance to brake fluids
• Good resistance to water

Disadvantages:

• Poor weather resistance
• Poor petroleum oil and solvent resistance

10) Polyacrylate or ACM

Polyacrylate compounds retain their properties when 
sealing petroleum oils at continuoustemperatures 
as high as 347°F (175°C). Polyacrylate O-rings are 
used extensively inautomatic transmissions and 
other automotive applications. They provide some 
of the attributes of fluorocarbon 0-rings. A recent 
variation, ethylene-acrylate, providesimproved low 
temperature characteristics with some sacrifice in 
hot oil resistance.

Advantages:

• Excellent resistance to petroleum oils
• Excellent weather resistance

Disadvantages:

• Fair low temperature properties
• Fair to poor water resistance
• Fair compression set resistance

11) Polyurethane, AU, or EU

Polyurethane compounds exhibit outstanding tensile 
strength and abrasion resistance incomparison with 
other elastomers. Fluid compatibility is similar to 
that of nitrite attemperatures up to approximately 
158°F (70°C). At higher temperatures, polyurethane 
has a tendency to soften and lose both strength and 
fluid resistance advantages over otherelastomers. 
Some types are readily damaged by water, even 
high humidity. Polyurethaneseals offer outstanding 
performance in high pressure hydraulic systems with 
abrasivecontamination, high shock loads, and related 
adverse conditions provided temperature isbelow 
158°F (70°C).

Advantages:

• Excellent strength and abrasion resistance
• Good resistance to petroleum oils
• Good weather resistance

Disadvantages:

• Poor resistance to water
• Poor high temperature capabilities

12) Butyl or IIR
Butyl is a copolymer of isobutylene and isoprene. 
It has largely been replaced byethylene-propylene 
for 0-ring usage. Butyl is resistant to the same fluid 
types as ethylenepropyleneand, except for to gas 
permeation, inferior to ethylene-propylene for 
O-ringservice. Temperature range is -67°F to 212°F 
(-55°C to 100°C).
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Advantages:

• Excellent weather resistance
• Excellent gas permeation resistance

Disadvantage:

• Poor petroleum oil and fuel resistance

Polysulfide, Thiokol,  Polysulfide was one of the 
first commercial synthetic elastomers. Although 
polysulfidecompounds have limited O-ring usage, they 
are essential for applications involvingcombinations 
of ethers, ketones, and petroleum solvents used by 
the paint and insecticideindustries. Temperature 
range is -67°F to 212°F (-55°C to 100°C).

Advantages:

• Excellent weather resistance to combinations of 
solvents

• Excellent weather resistance

Disadvantages:

• Poor high temperature capabilities
• Poor mechanical strength
• Poor resistance to compression set

13) Chlorosulfonated Polyethylene, Hypalon, or 
CSM

Chlorosulfonated Polyethylene compounds 
demonstrate excellent resistance to oxygen,ozone, 
heat, and weathering. But their mechanical 
properties and compression set areinferior to most 
other elastomers, and they are seldom used to 
advantage as O-rings.

Temperature range is -65°F to 257°F (-55°C to 125°C).

Advantages:

• Excellent resistance to weather
• Good resistance to heat

Disadvantages:

• Poor tear and abrasion resistance
• Poor resistance to compression set

14) Epichlorohydrin, Hydrin, or ECO

Epichlorohydrin is a relatively recent development. 
Compounds of this elastomer provideexcellent 
resistance to fuels and oils plus a broader temperature 
range -65°F to 257°F (-55°C to 135°C) than nitrile. 
Initial usage has been in military aircraft where the 
particular.

Advantages:

• Excellent oil and fuel resistance
• Excellent weather resistance
• Good low temperature resistance

Disadvantage:

• Fair resistance to compression set.

15) PhosphonitriliaFluoroelastomer,   
Pblyphosphazene, PNF or PZ

This is another new elastomer family. 0-rings 
of phosphonitrillicfluoroelastorner arerapidly 
accommodating aircraft sealing requirements where 
the physical strength offluorosilicone is inadequate. 
In other regards, the functional characteristics of 
PhosphonitrillicFluoroelastomer and fluorosilicone 
are similar. Temperature range is -85°F to 347°F 
(-65”C to 175°C).

Advantages:

• Excellent oil and fuel resistance
• Wide temperature range
• Good compression set resistance

Disadvantage:

• Poor water resistance
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Types of O-Ring Seal Applications

This section provides an overview of the most common types of O-ring sealingapplications. It is not intended 
to be a comprehensive study, but rather to offerbackground information to those unfamiliar with the uses 
of 0-rings.Although there are many uses of 0-rings, all O-ring sealing applications can be classifiedas either 
static or dynamic.

Static Seal  …In a static sea application, there is no relative motion between parts of the gland thatcontact 
to the O-ring. (Small amounts of movement, such as might be caused by thermalexpansion, vibration, 
bolt stretch, or O-ring response to fluid pressure, do not alter thestatic definition.) Static seals are often 
categorized according to the direction in whichsqueeze is applied to the O-ring cross section. There are two 
basic directions of squeeze:axial and radial. There are also applications which combine both axial and radial 
squeeze;  however, for better  results,  it is recommended that squeeze be applied in one directiononly, to 
allow for O-ring expansion.

Static Axial SealsIn this application, the squeeze is on the top and bottom of the O-ring, similar to a flatgasket. 
Static axial seals are typically utilized inface seal applications.

Another type of static, axially squeezed seal is a seat seal application in which the O-ringIs located on the face 
of one part of a structure that closes against another structure. Thesealing action is created when closing 
compresses the O-ring between the two matingsurfaces.

Although there is relative motion between the mating surfaces, sealing occurs only in theclosed position; 
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therefore, the seat seal is generally considered a 
static application. Seatseals are often used in poppet 
valves.

Static Radial Seals … With this application, the 
squeeze is between the Inside Diameter (I.D.) and 
OutsideDiameter (O.D.) of the O-ring. Typical static 
radial seals are cap seals and plug seals.Although 
uncompromised radial or axial squeeze is the 
preferred approach, 0-rings areextremely flexible 
and tend to work in grooves of many shapes and 
various directions ofsqueeze. For example, with 
crush seals the squeeze exerted on the O-ring is 
angular(diagonal) through the O-ring cross section. 
In a crush seal application, the O-ring is confined in 
a triangular gland having little, if any, volume greater 
than the O-ring.

This lack of gland void is a disadvantage of the crush 
seal, The O-ring is more susceptible to damage during 
installation and upon high temperature excursions 
wherethe relatively higher coefficient of thermal 
expansion of the O-ring may cause the metalparts of 
the gland to warp. Therefore, the crush seal is most 
frequently used where cost and ease of machining 
are important.

Dynamic Seals

In dynamic sealing applications there is relative 
movement between the parts of thegland, thus, 
O-rings are subject to a sliding action against the 
gland. This motionintroduces friction, which creates 
design problems different from those of static seals. 
For the great majority of dynamic applications, 
0-rings are squeezed radically and aresubjected 
to reciprocating motion, either intermittent or 
continuous, or, less frequently, toan Intermittent 
rotary or oscillating motion.

Reciprocating Seals  ..In this type application, there is 
a relative reciprocating (back and forth) motion along 
the shaft axis between the inner and outer elements 
of the gland .

0-rings used in reciprocatingapplications are called 
piston and rod seals. Reciprocating service in aircraft 

hydraulicsystems has been the basis for most of the 
developmental work and improvements in Oring 
sealing technology.

Oscillating SealsIn this application, the inner or outer 
member of the gland moves in an arc around theaxis 
of the shaft - first in one direction and then in the 
opposite direction, generallyintermittently with not 
more than a few turns in each direction. The most 
common application for oscillating O-ring seals is 
in faucet valves. However, because 0-rings helpto 
simplify design and reduce costs, they are used in 
valves of all types.

Other Dynamic Seals0-rings are extremely versatile 
and may be used in applications where data for 
ordinaryreciprocating or oscillating seals does not 
apply. For example, 0-rings have proven to bepractical 
seals in many rotary applications where either 
the inner or outer member of thegland elements 
continuously turn around the axis of the shaft. 
However, developmentalengineering work may be 
required in these applications.

Rotary Application

..In rotary O-ring sealing applications, the O-ring 
continuously moves against the sameportions to the 
shaft. Heat due to friction is continuously generated 
in the same place, and elastomers are poor thermal 
conductors. If heat is generated more quickly than 
it can bedissipated, temperature rise is rapid and 
seal failure quickly follows. Where surfacespeeds 
do not exceed 180 feet/minute, or where rotation is 
brief and intermittent, this is rarely a problem and 
gland design criteria for reciprocating service are 
applicable (seeTable E, Dynamic Piston and Rod Seal 
GlandDimensions). For continuous rotation atsurface 
speeds over 180 feet/minute some developmental 
adjustments are often required to achieve acceptable 
performance.

In applications where rotating motions occur, the 
designer should consider the following:

• Measures should be taken to reduce heat buildup: 
…  Provide absolute minimal squeeze, 
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as little as .002 inch to minimize 
friction.Thismay permit some leakage. 
…Provide ample diametric clearance to increase 
fluid flow and facilitate betterdissipation of heat. 
…  Select O-ring with smallest cross section. 
…  Maintain low system pressure (not over 250 
psi).

• Use a shaft of diameter no greater than that of 
the relaxed O-ring I.D. This isimportant because 
when an O-ring is heated under stress, it will tend 
to contract.Contraction of the 0-ring could cause 
it to seize the shaft and increase friction andheat 
resulting in rapid failure.

• The gland should be located as close as possible 
to the lubricating fluid and as far aspossible 
from the shaft support bearings. This allows the 
O-ring to receive themaximum amount of cooling 
lubricant and minimizes the effects of bearing-
generated heat.

• Relative motion must occur exclusively 
between the O-ring I.D. and the rotatingshaft. 
Rotation of the O-ring within the gland 
will lead to rapid wear and leakage. 
…  Minimize out-of-round shafts 
and eccentric rotation. Maximum 
eccentricityshould not exceed .001 Inch. 
…  Finish of the moving surface contacting the 
O-ring should not exceed 16 RMS.  Arougher 
surface is desired within the groove to 
discourage rotation; 32 RMS isrecommended. 
…  Utilize an O-ring of a hard, self-lubricating 
compound specifically developed forrotary 
service.

Permeability

Gases diffuse into and through elastomaric 
compounds at various rates depending on 
theelastomer type and nature of the individual 
compound. Generally, harder compoundswhich 
have more carbon black added have lower diffusion 
rates. Of the popular elastomers, epichlorohydrin 
and butyl have the lowest permeability, followed 
byfluorocarbons, polyurethanes, nitrites, heoprenes, 
polyacrylates, and SBR. Thefluorosilicones and 
silicones have higher rates.

For any given compound, the permeability through 
the O-ring depends on the amount ofits compression 
or squeeze, the area of the seal, and the pressure, 
temperature and type ofgas being sealed.

For the majority of applications, the rate of gas 
permeation through the O-ring isinconsequential 
(a few standard cubic centimeters per year) and 
standard groovedimensions are applicable.

Where gas pressure exceeds 500 psi, and pressure is 
released alter a soak period, gaswithin the O-ring may 
exert considerable force under the lower external 
pressure andmay cause damage. The O-ring may 
blister or chunks of rubber may even be blown out.

Pneumatic Seals

… No special consideration is usually warranted 
for pneumatic applications if they arestatic. With 
dynamic applications, the problem is lack of a system 
liquid to providelubrication and cooling. If reasonable 
life is to be achieved sortie lubricant must be 
provided. Particularly where operating temperature 
approaches the capabilities of the Oring, …An 
elastomer resistant to oxygen should be chosen- Gas 
temperature increase due tocompression requires 
consideration in determining system temperature.

… Conventional gland designs are applicable for 
pneumatic Service. However, since slightleakage 
is usually not important, and friction is, reduced 
squeeze is desirable inreciprocating pneumatic 
applications.

Vaccum Seals

Vacuum seals also warrant separate mention. 
Unlike pneumatic seals, even slight leakageis often 
unacceptable in vacuum applications. They have only 
one atmosphere differentialpressure, so essentially 
all the sealing force must be provided by compression 
of the Oring.

The following factors should be considered:

• Dynamic vacuum seals require proper lubrication 



14 The Exponent Group of Journals For General Engineering, Volume 4, Number 1, Dec 2015 - Feb 2016

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

due to the absence of systemliquids. Use of 
vacuum grease is also desirable with static seals.

• An especially smooth finish in the gland 
Is Important to Insure contact between 
theelastomer and the metal parts.

• In applications where absolute minimum leakage 
is a necessity, gland depth should bereduced to 
increase the amount of squeeze.

• To minimize the possibility of gases being 
trapped under the 0-ring and escaping intothe 
vacuum, reduced groove width and the use of 
suitable vacuum grease to fill theexcess void are 
recommended.

• 0-rings may be used in series in vacuum 
applications, preferably with a separatevacuum 
between them.

Back-up rings

Back-up rings are often used to prevent extrusion in 
high-pressure applications, or to correct problems 
such as spiral failure or nibbling. They are sometimes 
used in normal pressure range applications to provide 
an added measure of protection or to prolong O ring
life. These devices also permit the use of a wider 
clearance gap when close tolerances are impossible 
to maintain, A back-up ring is simply a ring made 
from a material harder than the O-ring designed to 
fit in the downstream side of the groove and close to 
the clearance gap to provide support for the O-ring. 
Quite often, 0-rings are used as back-up rings, even 
though back-up rings do not perform any sealing 
function.

Installation

The volume of an O-ring may change, from fluid swell 
or thermal expansion. (Forces generated by fluid 

swell tend to be slight, whereas forces generated by 
thermal expansion may be great enough to distort 
metal parts). Therefore, a gland should provide 
a minimum of 10% void. That is, the maximum 
0-ring installed volume should not be more than 
90% of minimum gland volume. Calculation based 
on cross-sectional areas of O ring and glands are 
adequate to insure this. This provides ample space to 
accommodate changes in O-ring volume.

Summary 

0-rings are one of the most versatile, dependable, yet 
Inexpensive seals available, with sealing capability 
from hard vacuum to high pressure.

• The circular cross section provides minimum 
surface area, which enhances resistance to 
abrasion, fluids, adverse environments, and arid 
mechanical damage.                                                                                          

•  The 0-ring’s circular cross section is also appealing 
because it is adaptable to axial, radial, or angular 
squeeze.                                              

• 0-rings seal in both directions                                                                       
• 0-rings will fit into confined spaces without the 

need for bulky, adjustable, or  expensive support 
structures.                                                

• O-ring seals are easy to maintain. They do not 
require retightening of bolts.

• 0-rings do not require adhesives or 
other special methods for assembly.                                                                                                              
The O-ring is flexible and absorbs metal tolerance 
stack-up.

• O-ring compounds can be selected to resist most 
environmental extremes.
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Born  March 14, 1879
  Ulm, Württemberg, Germany
Died  April 18, 1955 (aged 76)
  Princeton, New Jersey, U.S.
Spouses MilevaMarić (1903–1919)
  Elsa Einstein (1919 - 1936)
Children Hans Albert Einstein (1904 – 1973)
  Eduard Einstein (1910 - 1965)

He is one of the greatest thinkers and physicist of 
20th century, with so many inventions, discoveries, 
theories to his name. How often do we bounce 
into any one of his theories? Almost every day we 
spend, is governed in some way or the other by the 
laws he has discovered. But the moment one tries 
to read these laws, it becomes a herculean task to 
understand the simplicity behind it. This article 
will try and explain some of his most difficult - to-
understand laws and put it to some practical use. 
Hence the name - Einstein Simplified!

Let us start with some history and background about 
this genius.

Biography

Albert Einstein was born in Ulm, Germany on March 
14, 1879. As a child, Einstein revealed an extraordinary 
curiosity for understanding the mysteries of science 
(started only at age 10/11). A typical child (only 
to his socio-economic class — educated middle 
class), Einstein took music lessons, playing both 
the violin and piano — a passion that followed him 
into adulthood. Moving first to Italy and then to 
Switzerland, the young prodigy graduated from high-
school in 1896.

In 1905, while working as a patent clerk in Bern, 
Switzerland, Einstein had what came to be known 
as his “Annus Mirabilis” — or “miracle year”. It was 
during this time that the young physicist obtained 
his Doctorate degree and published four of his most 
influential research papers, including the Special 
Theory of Relativity. In that, the now world famous 
equation “e = mc2” unlocked mysteries of the 
Universe theretofore unknown.

Ten years later, in 1915, Einstein completed his General 
Theory of Relativity and in 1921 he was awarded the 
Nobel Prize in Physics (iconic status cemented in 
1919 when Arthur Eddington’s expedition confirmed 
Albert Einstein’s prediction). It also launched him to 
international superstardom and his name became a 
household word synonymous with genius all over the 
world.

Einstein immigrated to the United States in the 
autumn of 1933 and took up residence in Princeton, 
New Jersey and a professorship at the prestigious 
Institute for Advanced Study.

Einstein Simplified

- Vinayak Chavan
E-mail: Vinayakchavan_28@yahoo.com
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Recognized as TIME magazine’s “Person of the 
Century” in 1999, Einstein’s intellect, coupled his 
strong passion for social justice and dedication to 
pacifism, left the world with infinite knowledge and 
pioneering moral leadership.

Theories

He has so many theories to his name. But we willtake 
a look at three of his wonderful theories as follows:

• Theory of relativity
• Theory of invisibility
• Theory of time travel 

1. Theory of relativity:

Albert Einstein’s general theory of relativity is about 
to celebrate its 100th anniversary this year. Einstein 
presented his theory of general relativity on Nov. 25, 
1915, before the Prussian Academy of Science. The 
document was published in March 1916 in a journal 
called Annalen der Physik.

The general theory of relativity was among the most 
revolutionary in history; it marked a major leap from 
the law of universal gravitation put forth by Sir Isaac 
Newton in 1687.

Einstein believed that “space and time are not fixed, 
which was what others had thought, but are flexible, 
dynamic phenomena like other processes of the 
universe. So space bends and time warps, and it was 
a whole new way at looking at gravity.”

Einstein had put forth a more restrained version of 
his theory in 1905, the special theory of relativity, 
which left out gravity but described the relationship 
between space and time. It held that the speed of 
light is the same in a vacuum, and the laws of physics 
do not change regarding inert objects.

Put simply, it is a theory, which states, that all motion 
must be defined relative to a frame of reference and 
that spaceand time are relative, rather than absolute 
concepts. It has two parts, General theory of 
relativity and Special theory of relativity. This theory 

simply means that everything is moving relative to 
everything else. 

Time does not pass at the same rate for everyone. 
A fast-moving observer measures time passing more 
slowly than a (relatively) stationary observer would. 
This phenomenon is called time dilation. A fast-
moving object appears shorter along the direction of 
motion, relative to a slow-moving one. This effect is 
very subtle until the object travels close to the speed 
of light.

For a lay man to understand, Einstein jokingly puts it 
this way:
“When you sit with a nice girl for two hours you think 
it’s only a minute, but when you sit on a hot stove for 
a minute you think its two hours. That’s relativity.” 

Suppose that you are on an airplane. At 12:00, you 
leave your seat to talk to a friend a few rows in 
front of you. At 12:15, you return to your seat. You 
might say that: at 12:15, you were at the same point 
in space where you were at 12:00. However, what 
would a ground-based person claim? 

If the plane were going 600 mi/hr, that personmight 
say: “at 12:15, you were at a point in space 150 miles 
away from where you were at 12:00.”

That’s the beauty of theory of relativity.
There are many practical uses of this theory. Few 
important ones are listed below.

Practical uses of this theory are as follows:

• Global positioning system
• Electromagnets
• Gold’s yellow color
• Mercury’s liquid state
• Old TV sets using cathode ray tubes
• Nuclear plants and supernovas

Let’s see how the GPS (Global positioning system) 
works.
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In order for your car’s GPS navigation to function 
as accurately as it does, satellites have to take 
relativistic effects into account. This is because even 
though satellites aren’t moving at anything close to 
the speed of light, they are still going pretty fast. The 
satellites are also sending signals to ground stations 
on Earth. These stations (and the GPS unit in your 
car) are all experiencing higher accelerations due to 
gravity than the satellites in orbit.

To get that pinpoint accuracy, the satellites use 
clocks that are accurate to a few billionths of a 
second (nanoseconds). Since each satellite is 12,600 
miles (20,300 kilometers) above Earth and moves at 
about 6,000 miles per hour (10,000 km/h), there’s 
a relativistic time dilation that tacks on about 4 
microseconds each day. Add in the effects of gravity 
and the figure goes up to about 7 microseconds. 
That’s 7,000 nanoseconds.

The difference is very real: if no relativistic effects 
were accounted for, a GPS unit that tells you it’s a 
half mile (0.8 km) to the next gas station would be 
5 miles (8 km) off after only one day. But thanks to 
relativity, our life today is at ease.

2. Theory of invisibility: 

Invisibility is the state of an object that cannot be 
seen. An object in this state is said to be invisible 
(literally, “not visible”). The term is often used in 
fantasy/science fiction, where objects cannot be 
seen by magical or technological means; however, its 
effects can also be demonstrated in the real world, 

particularly in physics and perceptual psychology 
classes.

Since objects can be seen by light in the visible 
spectrum from a source reflecting off their surfaces 
and hitting the viewer’s eye, the most natural form 
of invisibility (whether real or fictional) is an object 
that neither reflects nor absorbs light (that is, it 
allows light to pass through it). This is known as 
transparency, and is seen in many naturally occurring 
materials (although no naturally occurring material is 
100% transparent).

A thought that has always left humans wandering in 
fantasies. How wonderful would it be to be invisible! 
Modern science is already trying its best to come as 
closer as possible to discover invisibility. 

Following are the artificial examples.

• Making use of a real-time image displayed 
on a wearable display, it is possible to create 
a see-through effect. This is known as active 
camouflage.

• Though stealth technology is declared to 
be invisible to radar, all officially disclosed 
applications of the technology can only reduce 
the size and/or clarity of the signature detected 
by radar.

• In some science fiction stories, a hypothetical 
“cloaking device” is used to make objects 
invisible. On October 19, 2006 a team effort of 
researchers from Britain and the US announced 
the development of a real cloak of invisibility, 
though it is only in its first stages.

• In filmmaking, people, objects, or backgrounds 
can be made to look invisible on camera through 
a process known as chroma keying.

• An artificially made meta material that is invisible 
to the microwave spectrum.

But is invisibility actually possible? Sir Albert Einstein 
said it is possible. And he goes ahead to explain it in 
the simplest way possible.

Explanation:
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Q. Why do we see objects? 

Answer is simple. Light rays fall on the object, gets 
reflected, enters our eye and thus we can see objects. 
This is the reason why we can see clearly in light and 
not in darkness. 

Q. Next question, why do we see ourselves in the 
mirror? 

Again the answer is simple. The light rays fall on 
us, get reflected, then fall on the mirror, again get 
reflected, enters our eye and thus we see our own 
image in the mirror. 

In this whole process, the light is always travelling 
with a constant speed which is 299792.458 km/s.

Now imagine a person is holding the mirror in his 
hand and travelling at the speed of light (299792.458 
km/s) in the same direction as the light rays. Here, let 
us assume that there is just one ray of light instead 
of millions of rays of light. This singular ray is the only 
source of light that is falling on the person, reflecting 
from his body and travelling towards the mirror to get 
reflected again. But since the person is also travelling 
at the speed of light in the same direction as the ray 
along with the mirror; the ray of light will never reach 
the mirror. If the ray does not reach the mirror, it will 
not get reflected. If it does not get reflected, it will 
not enter the person’s eyes. If it doesn’t enter the 
eye, the person won’t be able to see his image in the 
mirror. And hence he would thus be invisible.

Of course this whole case happens at speed of light 
with a hypothetical situation involving a singular 
ray of light. But Einstein does prove his point 
theoretically. Who knows, by the speed with which 
we are evolving, one day this might come true. 

3. Theory of time travel:

Another fascinating theory is that of time travel. 
The super natural power to travel back in time or 
to advance in future. Again this topic has been 
effectively used by movie makers to take us in such 
fascinating worlds, that we are left wanting for more, 
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be it movies like Back to the future, The time machine 
or Interstellar. Let us take a look at what the debate 
has been so far.

The debate so far…..

Till date there have been number of debates and 
discussions in scientific world and also through 
movies on time travel. These debates have given rise 
to several paradoxes which are as follows:

• Grandfather Paradox and inconsistent casual 
loop 

Suppose a person travels back in time using a 
time machine and kills his grandfather before his 
grandfather meets his grandmother. As a result, 
the time traveler is never born. But, if he was never 
born, then he is unable to travel through time and 
kill his grandfather, which means the traveler would 
then be born after all, and so on. This is also called as 
inconsistent causal loop.

Despite the name, the grandfather paradox does 
not exclusively regard the impossibility of one’s own 
birth. Rather, it regards any action that eliminates the 
cause or means of traveling back in time.

• Consistent casual loop

According to physicist Paul Davies, such a loop might 
play out like this: A math professor travels into the 
future and steals a groundbreaking math theorem. 
The professor then gives the theorem to a promising 
student. Then, that promising student grows up to be 
the very person from whom the professor stole the 
theorem to begin with.

But these loops show only one side of the coin. 
A debate is only complete with the second phase 
of argument, and thus Novikov self-consistency 
principle

• Novikov self-consistency principle

The Novikov self-consistency principle expresses one 
view on how backwards time travel could be possible 

without a danger of paradoxes. According to this 
hypothesis, the only possible time lines are those 
entirely self-consistent—so anything a time traveler 
does in the past must have been part of history all 
along, and the time traveler can never do anything to 
prevent the trip back in time from happening, since 
this would represent an inconsistency. Nicholas J. J. 
Smith argues, for example, that if some time traveler 
killed the child who lived at his old address, this would 
ipso facto necessitate that the child was not the 
time traveler’s younger self, nor the younger self of 
anyone alive in the time frame that the time traveler 
came from. This could be extrapolated further into 
the possibility that the child’s death led to the family 
moving away, which in turn led to the time traveler’s 
family moving into the house guaranteeing that the 
house later became the home the time traveler would 
then grow up in, forming a predestination paradox.

• Parallel Universe

But then there’s another possibility: The future or 
past you travel into might just be a parallel universe. 
Think of it as a separate sandbox: You can build or 
destroy all the castles you want in it, but it doesn’t 
affect your home sandbox in the slightest. So if the 
past you travel into exists in a separate timeline, 
killing your grandfather or your younger self in cold 
blood is no big whoop. Of course, this might mean 
that every time jaunt would land you in a new parallel 
universe and you might never return to your original 
sandbox.

Thus looking at all the above paradoxes and 
explanations, to travel in time practically, seems like 
a distant dream at present.

But the thought process of all the thinkers and 
scientists was instigated by a wonderful theory laid 
down by Sir Albert Einstein few years ago.

He has proven that there already exists a time 
machine among us. This time machine is hidden in 
a device that actually takes us in future ahead of the 
present time. And that device is called a TELESCOPE!

To understand Einstein’s theory of time travel better, 
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let us try and evaluate this wonder device. 

Explanation:

Q. What does a telescope do? 

Well it lets you gaze stars and planets in the night sky. 

Q. But how? 

It uses lens which refracts light and helps you observe 
a distant star closer.

The light rays which reaches our eyes through the 
telescope are actually reflected/emerged from 
surface of the planet/star billions of light years ago.
Now, the speed of light is nearly 3 lack km/sec. Let 
us assume we have a star around 30 lakh km away 
from us. 

Q. Now if we see the star with naked eye and it 
shines, how much time will it take for the light to 
reach our eye?

We know time is distance divided by speed. Thus 
distance (30 lakh km) divided by time (30 km per 
sec) will fetch us a time of 10 seconds. So, it takes 10 
seconds for the light to reach us if we watch the star 
with naked eye.

 

Now if we use a telescope with 2 times magnification 
to watch the same star the distance is virtually 
reduced to 15 lakh km and the star appears closer. 
Which means that the light emitted from the star 
reaches our eyes in 5 seconds instead of 10 seconds.
Which in turn means that the telescope has helped 
us to see the star shine, 5 seconds earlier than the 
time taken to watch the star with naked eye, which is 
10 seconds. Thus we have practically gone 5 seconds 
into the future and seen the star. And hence telescope 
is the simplest form of time machine that takes us in 
future,every time we see the sky through it.

This is one of the most easily understood theories of 
Einstein, if explained with practical examples. Here 
Einstein steps in the shoes of a lay man and tries 
to explain in a very easy to understand manner. It 
might leave us in a state of shock from what we have 
actually understood now. That’s Einstein for you!

SUMMARY

It has always been a fascinating world around us. The 
problem with mankind is that we seldom stop and try 
to understand and appreciate what a remarkable job 
God has done. If there is a problem, there also lies a 
solution to the problem. And one can get to it if one 
tries to observe and understand with a curious mind. 
Sir Albert Einstein did exactly that.
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Thus was the power of Einstein’s imagination. He saw 
what mortals could not see. He once said that “It’s not 
that I’m so smart, it’s just that I stay with problems 
longer” and this was the mantra of his success. His 
approach to look at problems was simple, and the 
solutions even simpler. It’s just that one needs to find 
a way to put his theories to practical use to help them 
understand better. This article was one such attempt 
at simplifying the beauty of his theories. Thank you.
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ABSTRACT

In an multi-cylinder gasoline engine if Hydrogen-
gasoline mixture is used as intake fuel and the air 
sucked is enriched with oxygen the overall efficiency, 
economy are highly increased and the harmful 
emissions such as HC , NOxare highly reduced and 
CO emissions almost nullified.

This Hydrogen and oxygen which are given as input 
are produced by the process of electrolysis of water. 
This produced hydrogen and oxygen are further 
bypassed to combustion chamber and remaining is 
provided to fuel cell. 

In this process two separate entities Fuel cell stack 
and Electrolytic cell stack are used. The output of the 
fuel cell that is, electricity is provided to battery on 
which electrolysis is carried on. The water from fuel 
cell is again given to electrolysis process. In the overall 
setup except the initial investments the only input 
given is water .All the above process is controlled by 
Electronic Controlled Unit (E.C.U). 

Thus not only overall efficiency, economy can be 
increased but also concept of environmental friendly 
automobile can be brought into existence. Also 
if setup is enlarged and aimed on electric supply 
concept of Dual-Hybrid vehicle that is on electricity 
as well as water can be brought into reality.

INTRODUCTION

In the period of inventions and technological 
advancements it is the need of the hour to keep 
balance with the technology and Nature. More is 
the increase in the heights of innovations more 
increasing is the concern about nature. Thus to keep 
proper balance we need to implement more and 
more environmental friendly aspects.

Thus for better environment it is need of the hour that 
technology and nature go ahead hand in hand. Most 
of the air pollution is caused due to the automobile 
sector, thus it’s necessary to have a control on the 
polluting emissions. Also due to the depletion of 
natural oil reserves we need to search for better 
option which may replace the conventional fuels. 
Thus concept of Hybrid Vehicles must be brought into 
existence to ensure the fulfillment of above needs.

By experimental observations we know that, 
emissions such as HC, CO and NOxare caused due to 
various reasons. The reasons for formation of these 
harmful components are known to us, they are

• HC formation takes place due to presence of 
unburnt fuel in exhaust.

• CO formation is due to incomplete combustion.
• NOxis formed due to combination of nitrogen 

and oxygen at high temperatures only.

Thus we observe the main reason for these emissions 
is the failure in completing the combustion process. 
Although we could not be able to totally stop its 
generation but we can surely try to minimize it.

Firstly if we observe components in air we find that 
air is a combination of gases consisting of almost 
78 per. Nitrogen ,21 per. Oxygen and water vapour, 
carbon-dioxide, argon ,neon ,krypton contributing in 
remaining 1 percent.

Secondly the components of fuel are mainly 
hydrocarbons may be saturated or aromatic 
consisting of mainly hydrogen and carbon.

Thus emissions can be controlled by studying the 
requirement of each component separately. For 
combustion process we require only oxygen from air 
thus we could intake only oxygen from air and carry 

Hydrogen 
– Oxygen Combination Gasoline Engine

- Tejas Joshi
E-mail: tejastanutj7@gmail.com
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on the combustion process. This would completely 
stop NOx emission.

 At present stages although it would seem a bit critical 
but in future it would be the best option in controlling 
NOx emission. At present stage for controlling NOx if 
we reduce nitrogen in the intake air and control the 
temperature in combustion chamber NOx formation 
can be reduced to a large extent. Thus for this the 
amount of oxygen in the intake air can be increased 
thus this will not only reduce the NOx formation but 
also enhance complete combustion thus reducing CO 
emission due to ample amount of oxygen present.

Also for complete burning of fuel if an flammable 
catalyst such as controlled amount of hydrogen  is 
added to fuel in a controlled manner thus we would 
be able to burn fuel completely thus reducing HC 
emission.

All the above requirements can be fulfilled by 
following process, 

• Electrolysis of water
• Hydrogen-oxygen fuel cell

During electrolysis of water oxygen and hydrogen 
gas can be obtained by providing suitable amount 
of electrical energy by a battery source. These 
obtained oxygen and hydrogen can be stored in 
separate containers .The required amount of oxygen 
and hydrogen can be provided to intake manifold 
in S.I engine or intake manifold and fuel injector 
respectively in C.I engine.

The remaining amount of oxygen and hydrogen can 
be given as an input further to hydrogen-oxygen fuel 
cell from which electrical energy is obtained which 
can be provided to the battery providing energy for 
electrolysis. Also pure water having low temperature 
is obtained from the fuel-cell which is used for 
feedback input for electrolytic cell.

Thus the complete process would take place with 
some decrease in amount of water at the end of 
complete cycle. Thus for maintaining this cycle water 
is needed to provide after specific time.

Explanation
 
1. Concept

The ability to produce power without damaging the 
environment is a continuing challenge. Fossil fuels 
like gasoline, natural gas and coal all come from 
non-renewable sources and when burned, they 
increase the levels of air pollution and may harm 
the environment. Batteries, such as those found in 
flashlights and MP3 players, have limited lifetimes 
and often end up being disposed of in landfills which 
over time leach hazardous chemicals into the earth. 
There are many environmentally friendly alternatives 
available today, such as solar, wind, geothermal and 
hydroelectric power. These power sources often 
depend on a power grid for the distribution of 
electricity.  

Fuel cells however are different. They have near-
zero emissions, are quiet and efficient, can work in 
almost any environment and do not need a grid for 
distribution. It can also operate in a temperature that 
is lower than the cell’s normal operating temperature. 
A fuel cell combines a fuel, such as hydrogen, with 
an oxidizer (oxygen) to produce electrical power. 
It works in a similar way to a battery but it never 
runs down or needs to be recharged. Like a battery 
which has a positive and negative end, a fuel cell 
has two electrodes: the positive (cathode) and the 
negative (anode), both of which are separated by an 
electrolyte, similar to the gel in a standard battery. 
With the battery however, one of the electrodes is 
slowly eroded as electricity is produced whereas in a 
fuel cell, the electrode is not. This means the cell can 
produce electricity for as long as fuel and oxidizer are 
available.

Also considering oxygen and hydrogen as input it 
can be produced by the electrolysis process .Input to 
electrolysis can be obtained by providing electricity 
to the electrolytic cell. Water is given as input and it 
undergoes the process of electrolysis.

• Hydrogen and oxygen can be produced by the 
process of electrolysis. Considerable production 
is possible which is verified with experimental 
results. Produced hydrogen and oxygen is 
provided to fuel cell and required amount is 
bypassed to combustion chamber, which is 
controlled by Electronic Controlled Unit.

• The fuel cell produces electricity from the intake 
hydrogen and oxygen and electricity is produced 
giving pure water as output, which is again 
guided to further to electrolytic cell provided 
with intermediate cooling.
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• Electricity from fuel cell can be used to recharge 
the battery. Also an extra water storage is 
provided to cover the system losses. If total 
output of electrolysis process is provided to fuel 
cell output electricity can be further increased.

• This high output is provided to the prime mover 
connected to main shaft which further drives the 
vehicle on electricity, but this can be achieved 
only for short span of time due to limited water 
storage, if external sources are provided to fuel 
cell, time span may be further increased.   

• A multicylinder reciprocating engine can be used 
to extend the efficient lean operating range of 
gasoline by adding hydrogen and oxygen. A high-
compression-ratio, displacement production 
engine can be used. Apparent flame speed is 
used to describe the differences in emissions 
and performance. Therefore, engine emissions 
and performance, including apparent flame 
speed and energy lost to the cooling system 
and the exhaust gas are measured over a range 
of equivalence ratios for each fuel. All emission 
levels are decreased at the leaner conditions. 
Adding hydrogen significantly increases flame 
speed over all equivalence ratios.

• This focuses on using hydrogen as a supplemental 
fuel to gasoline to a production engine and is 
enriched with oxygen. The research demonstrated 
that the higher flame speed of hydrogen is 
responsible for being able to extend the efficient 
lean operating rangeof a gasoline engine.

• Lean-mixture-ratio combustion in internal-
combustion engines has the potential of 
producing low emissions and higher thermal 
efficiency for several reasons. First, excess 
oxygen in the charge further oxidizes unburned 
hydrocarbons and carbon monoxide. Second, 
the lower combustion temperatures increase 
the mixture specific heat ratio by decreasing the 
net dissociation losses. Third, as the specific heat 
ratio increases, the cycle thermal efficiency also 
increases, which gives the potential for better 
fuel economy.

• Hydrogen supplementation of gasoline 
combustion has been shown to yield reduction 
in fuel consumption.  Hydrogen-rich gaseous 
fuels can be burned under ultra-lean conditions 
to yield very low NOx emissions without running 
into lean flammability limit problemsand the lean 
hydrogen, when used as a fractional additive at 
extreme lean engine operation, yields benefits 
in improved combustion stability and reduced 

nitrogen oxides and hydrocarbon emissions 
burning conditions give possibilities for very low 
CO emissions.

2. Electrolysis Process

Electrolysis of Water

By providing energy from a battery, water (H2O) 
can be dissociated into the diatomic molecules of 
hydrogen (H2) and oxygen (O2). 

The electrolysis of one mole of water produces 
a mole of hydrogen gas and a half-mole of oxygen 
gas in their normal diatomic forms. This process 
is presumed to be at 298K and one atmosphere 
pressure, and the relevant values are taken from a 
table of thermodynamic properties.

Quantity H2O H2 0.5 O2 Change

Enthalpy -285.83 Kj 0 0 ΔH = 
285.83 kJ

Entropy 69.91 J/K 130.68 J/K 0.5 x 
205.14 J/K

TΔS = 48.7 
kJ

The process must provide the energy for the 
dissociation plus the energy to expand the produced 
gases. Both of those are included in the change in 
enthalpy included in the table above. At temperature 
298K and one atmosphere pressure, the system work 
is

W = PΔV = (101.3 x 103 Pa)(1.5 moles)(22.4 x 10-3 
m3/mol)(298K/273K) = 3715 J

Since the enthalpy H= U+PV, the change in internal 
energy U is then
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ΔU = ΔH - PΔV = 285.83 kJ - 3.72 kJ = 282.1 kJ

This change in internal energy must be accompanied 
by the expansion of the gases produced, so the 
change in enthalpy represents the necessary energy 
to accomplish the electrolysis. However, it is not 
necessary to put in this whole amount in the form 
of electrical energy. Since the entropyincreases in 
the process of dissociation, the amount TΔS can be 
provided from the environment at temperature T. 
The amount which must be supplied by the battery is 
actually the change in the Gibbs free energy:

ΔG = ΔH - TΔS = 285.83 kJ - 48.7 kJ = 237.1 kJ
Since the electrolysis process results in an increase 
in entropy, the environment “helps” the process by 
contributing the amount TΔS. The utility of the Gibbs 
free energy is that it tells you what amount of energy 
in other forms must be supplied to get the process to 
proceed.

3. Hydrogen Fuel Cell

Hydrogen and oxygen can be combined in a fuel 
cell to produce electrical energy. A fuel cell uses a 
chemical reaction to provide an external voltage, as 
does a battery, but differs from a battery in that the 
fuel is continually supplied in the form of hydrogen 
and oxygen gas. It can produce electrical energy at a 
higher efficiency than just burning the hydrogen to 
produce heat to drive a generator because it is not 
subject to the thermal bottleneck from the second 
law of thermodynamics. It’s only product is water, 
so it is pollution-free. All these features have led to 
periodic great excitement about its potential, but we 
are still in the process of developing that potential 
as pollution-free, efficient energy source (see Kartha 
and Grimes)

Combining a mole of hydrogen gas and a half-mole 
of oxygen gas from their normal diatomic forms 
produces a mole of water. A detailed analysis of the 
process makes use of the thermodynamic potentials. 
This process is presumed to be at 298K and one 
atmosphere pressure, and the relevant values are 
taken from a table of thermodynamic properties.

Quantity H2 0.5 O2 H2O Change

Enthalpy 0 0 -285.83 kJ ΔH = 
-285.83 kJ

Entropy 130.68 J/K 0.5 x 
205.14 J/K 69.91 J/K TΔS = 

-48.7 kJ

Energy is provided by the combining of the atoms 
and from the decrease of the volume of the gases. 
Both of those are included in the change in enthalpy 
included in the table above. At temperature 298K 
and one atmosphere pressure, the system work is

W = PΔV = (101.3 x 103 Pa) (1.5 moles) (-22.4 x 10-3 
m3/mol)(298K/273K) = -3715 J

Since the enthalpy H= U+PV, the change in internal 
energy U is then

ΔU = ΔH - PΔV = -285.83 kJ - 3.72 kJ = -282.1 kJ
The entropy of the gases decreases by 48.7 kJ in the 
process of combination since the number of water 
molecules is less than the number of hydrogen and 
oxygen molecules combining. Since the total entropy 
will not decrease in the reaction, the excess entropy in 
the amount TΔS must be expelled to the environment 
as heat at temperature T. The amount of energy per 
mole of hydrogen which can be provided as electrical 
energy is the change in the Gibbs free energy:

ΔG = ΔH - TΔS = -285.83 kJ + 48.7 kJ = -237.1 kJ

For this ideal case, the fuel energy is converted to 
electrical energy at an efficiency of 237.1/285.8 
x100% = 83%! This is far greater than the ideal 
efficiency of a generating facility which burned the 
hydrogen and used the heat to power a generator! 
Although real fuel cells do not approach that ideal 
efficiency, they are still much more efficient than any 
electric power plant which burns a fuel.
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4. Comparison of electrolysis and the fuel cell 
process

In comparing the fuel cell process to its reverse 
reaction, electrolysis of water, it is useful treat the 
enthalpy change as the overall energy change. The 
Gibbs free energy is that which you actually have to 
supply if you want to drive a reaction, or the amount 
that you can actually get out if the reaction is working 
for you. So in the electrolysis/fuel cell pair where the 
enthalpy change is 285.8 kJ, you have to put in 237 kJ 
of energy to drive electrolysis and the heat from the 
environment will contribute TΔS=48.7 kJ to help you. 
Going the other way in the fuel cell, you can get out 
the 237 kJ as electric energy, but have to dump TΔS = 
48.7 kJ to the environment.

4.1 Benefits of fuel cell

• Including fuel cell it can help in making vehicle 
hybrid and run on electricity for specific time if 
sufficient water storage is provided.

• Vehicle safety is maintained sincelarge storage of 
hydrogen and oxygen are avoided.

5. Hydrogen Boosted Gasoline Engine

5.1 Benefits of adding hydrogen

• Adding hydrogen to gasoline significantly increase 
flame speed and allows for a leaner air-fuel ratio. 
All emissions levels decreased at theseleaner 
conditions.Significantly increased flame speed 
and allows for a leaner air/fuel ratio. All emission 
levels decreased at these leaner conditions.

• Adding hydrogen to gasoline results in significant 
efficiency improvements due to the extension of 
the lean operating limit.

• Adding hydrogen to gasoline showed a potential 
for very low pollutant emissions with increased 
energy efficiency.

• Adding hydrogen to gasoline produces 
improvements in engine efficiency and emissions 
due to accelerated flame speed and combustion 
rate.

• Adding hydrogen to gasoline produces 
improvements in engine efficiency and emissions, 
due to accelerated combustion.

• Adding hydrogen to gasoline can reduce exhaust 
emissions and increase efficiency. A large 
reduction in nitrogen oxide emissions can be 
achieved without a catalytic converter due to 
very lean operation under certain conditions.

• Adding hydrogen to gasoline increases the flame 
speed at all gasoline air/fuel ratios, so engine 
operation at very lean mixtures is possible.

• Adding hydrogen to gasoline extended the 
lean limit of engine operation, resulting in 
greater efficiency and reduced emissions, both 
hydrocarbons and nitrogen oxides.

• Adding hydrogen to gasoline resulted in improved 
engine.

• Adding hydrogen to gasoline results in lower 
emissions and a significant increase in engine 
efficiency.

• Adding hydrogen to gasoline produces 
improvements in engine efficiency and emissions.

• Adding hydrogen to gasoline reduced knock 
due to accelerated fuel burn and shortened 
combustion period.

• Adding hydrogen to gasoline produces lower 
emissions due to increased flame speed and 
resultant accelerated fuel burn.

• Adding hydrogen to gasoline can extend the lean 
limits of the air/fuel ratio.

• Experimental results also proves that the result of 
this verifies that this technology is a viable source 
for reducing emissions and fuel consumption on 
large diesel engines.

Faced with the ever-increasing cost of gasoline, 
automakers worldwide are working overtime to 
cost-effectively improve vehicle fuel economy while 
still meeting today’s strict emissions requirements. 
One promising way to boost fuel economy is to add 
hydrogen to the fuel/air mixture in a conventional 
gasoline engine. It’s called a hydrogen-boosted gas 
engine. 

This hydrogen is added to the engine’s normal air/
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fuel mixture. Engines designed to run on a mix of 
hydrogen/gasoline can see a fuel-economy gain of 
20 to 30 percent with no requirement for control of 
harmful NOx emissions, oxides of nitrogen. On the 
next two pages, we’ll tell you how this new fuel-
saving engine works and why it looks like it has the 
potential to become a viable, fuel-saving technology. 
We’ll address the following issues regarding this new 
technology:

5.2 What Is a Hydrogen-Boosted Gasoline Engine?

A small amount of hydrogen made on-board by 
the reformer is added to the normal intake air and 
gasoline mixture in the vehicle’s engine. This greatly 
improves overall combustion quality by allowing 
nearly twice as much air for a given amount of fuel 
introduced into the combustion chamber. This is 
more energy efficient because it saves energy by 
reducing the amount of engine pumping needed. 

6. Use of Oxygen to Improve Combustion and 
Oxidation.

The internal combustion engine in most cars, burns 
gasoline. To do the burning, an engine needs oxygen, 
and the oxygen comes from the air all around us. 
But what if cars carried their own and pumped pure 
oxygen into the engine instead?

The air around us is about 21 percent oxygen. Almost 
all the rest is nitrogen, which is inert when it runs 
through the engine. The oxygen controls how much 
gasoline an engine can burn. The ratio of gas to 
oxygen is about 1:14 -- for each gram of gasoline that 
burns, the engine needs about 14 grams of oxygen. 
The engine can burn no more gas than the amount of 
oxygen allows. Any extra fuel would come out of the 
exhaust pipe unburned.So if the car used pure oxygen, 
it would be inhaling 100 percent oxygen instead of 
21 percent oxygen, or about five times more oxygen. 
This would mean that it could burn about five times 
more fuel. And that would mean about fivetimes 
more horsepower. So a 100-horsepower engine 
would become a 500-horsepower engine.  

7. Hydrogen-Oxygen Enriched Gasoline Engine 
Setup:

Explanation: 

• As seen in the setup shown below hydrogen 
and oxygen can be produced by the process of 
electrolysis. Considerable production is possible 
which is verified with experimental results. 
Produced hydrogen and oxygen is provided to 
fuel cell and required amount is bypassed to 
combustion chamber, which is controlled by 
Electronic Controlled Unit.

• The fuel cell produces electricity from the intake 
hydrogen and oxygen and electricity is produced 
giving pure water as output , which is again 
guided to further to electrolytic cell provided 
with intermediate cooling.

• Electricity from fuel cell can be used to recharge 
the battery. Also an extra water storage is 
provided to cover the system losses. If total 
output of electrolysis process is provided to fuel 
cell output electricity can be further increased.

• This high output is provided to the prime mover 
connected to main shaft which further drives the 
vehicle on electricity, but this can be achieved 
only for short span of time due to limited water 
storage, if external sources are provided to fuel 
cell time span may be further increased. 

• This high output is provided to the prime mover 
connected to main shaft which further drives the 
vehicle on electricity, but this can be achieved 
only for short span of time due to limited water 
storage, if external sources are provided to fuel 
cell time span may be further increased.   

• A multicylinder reciprocating engine can be used 
to extend the efficient lean operating range of 
gasoline by adding hydrogen and oxygen. A high-
compression-ratio, displacement production 
engine can be used. Apparent flame speed is 
used to describe the differences in emissions 
and performance. Therefore, engine emissions 
and performance, including apparent flame 
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speed and energy lost to the cooling system 
and the exhaust gas, are measured over a range 
of equivalence ratios for each fuel. All emission 
levels are decreased at the leaner conditions. 
Adding hydrogen significantly increases flame 
speed over all equivalence ratios.

• This focuses on using hydrogen as a supplemental 
fuel to gasoline to a production engine and is 
enriched with oxygen. The research demonstrated 
that the higher flame speed of hydrogen is 
responsible for being able to extend the efficient 
lean operating range of a gasoline engine

• Lean-mixture-ratio combustion in internal-
combustion engines has the potential of 
producing low emissions and higher thermal 
efficiency for several reasons. First, excess 
oxygen in the charge further oxidizes unburned 
hydrocarbons and carbon monoxide. Second, 
the lower combustion temperatures increase 
the mixture specific heat ratio by decreasing the 
net dissociation losses. Third, as the specific heat 
ratio increases, the cycle thermal efficiency also 
increases, which gives the potential for better 
fuel economy.

• Hydrogen supplementation of gasoline 
combustion has been shown to yield reduction 
in fuel consumption.  Hydrogen-rich gaseous 
fuels can be burned under ultra-lean conditions 
to yield very low NOx emissions without running 
into lean flammability limit problems. The lean 
hydrogen, when used as a fractional additive at 
extreme lean engine operation, yields benefits 
in improved combustion stability and reduced 
nitrogen oxides and hydrocarbon emissions 
burning conditions 

8. Detailing of Components

The process explained above can be carried with 
Electrolytic Cell, Fuel Cell as their main components 
with specifications given below, 

8.1 Lynntech Gen4 Hydrogen-Oxyge PEM Fuel Cell 
Stack
Power output: 5.25 kW
Active Area: 200 cm2
Efficiency*: 70%
Pressure: 50-400 psi
Weight: 40.2 lbs
Dimensions: 10” Ø, 20”L
Power Density: 131 W/lb

Number of Cells: 64
Output Voltage: 50-54 V
Current: 100 A
H2 Consumption: 45 SLM
O2 Consumption: 22.5 SLM
*Efficiency is calculated based upon LHV of H

8.2 Lynntech Gen4 PEM Electrolyzer Stack
Power Input: 15 kW
Active Area: 200 cm2
Efficiency*: 71%
Output Pressure: 0-400 psi
Weight: 31.7 lbs
Dimensions: 10” Ø, 14”L
Power Density: 492 W/lb
Number of Cells: 60
Applied Voltage: 104 V
Current: 150 A
H2 Production: 60 SLM
O2 Production: 30 SLM(*Efficiency is calculated 
based on the LHV of H2 

9. Analysis of Performance

Performance of fuel cell and electrolyser can be 
studied from the graphs shown further

9.1 Fuel Cell Individual Cell Performance at100A, 65 
psig and 1350F
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9.2 Electrolyzer Individual Cell Performance at 150 
A, 245 psig and 1400F
 

10. Case Study :

From the references taken and all the detail study we 
find that the concept above could be implemented 
with some sort of addition in the existing setup of 
vehicle.Amongst the many difficulties in this concept 
some of them are solved as follows,

• HYDROGEN FORMS HOMOGENEOUS MIXTURE 
WITH GASOLINE.

• HYDROGEN CAN IGNITE WITH MINIMUM 50% 
HYDROGEN WITH AIR.

• BATTERY STORAGE IS SMALL SINCE IT CAN BE 
RECHARGED FROM FUEL CELL.

• THE CONCEPT ABOVE IS AIMED AT IMPLEMENTING 
ON GASOLINE ENGINE

• SPACE REQUIRED FOR ELECTROLYSER STACK AND 
FUEL CELL STACK IS 200cm.sq. INDIVISUALLY.

• SINCE ALL SYSTEM IS CONTROLLED BY E.C.U THE 
AMOUNT OF INTAKE OXYGEN AND HYDROGEN 
ARE DECIDED BY SENSORS DEPENDING UPON 
THE RUNNING CONDITION OF ENGINE.

• ONE EMERGENCY WATER STORAGE TANK ALSO 
CAN BE PROVIDED SO THAT SUPPLY CAN BE 
MAINTAINED.

CALCULATIONS:

• THEORETICAL CALCULATIONS FOR AMOUNT OF 
WATER REQUIRED PER LITRE OF GASOLINE.

Calorific value of gasoline: 44000kJ/kg

Calorific value of hydrogen: 161,760kJ/kg

Thus for 1gm gasoline we obtain 44kJ energy,
Similarly for 1gm hydrogen we get 161.76 kJ energy.
Since we design system for gasoline engine we find 

amount of hydrogen
required for obtaining calorific value of 44kJ
i.e  1gm hydrogen-161.76 kJ
       xgm hydrogen- 44kJ

Amount of hydrogen required is 0.272 gm FOR 
OBTAINING 44kJ of energy obtained from 1gm of 
gasoline.

• HENCE BY HAVING MIXTURE OF BOTH IN 
CALCULATED AMOUNT MORE POWER CAN BE 
OBTAINED

• Stotiometric ratio=(amount of fuel/amount of air 
required to   completely burn the given amount 
of fuel )

• for gasoline is 1:14.7, and for hydrogen is 1:34 
1 part of fuel requires 14.7 
part of   air to burn completely. 
1 part of hydrogen requires 34 
part of air to burn completely, 
For gasoline engine amount of hydrogen burnt 
ion 14.7 part of air is   0.432335 part of hydrogen  
That is, 43.35% of fuel can be added, thus is the  
maximum amount of  hydrogen that can be added 
which can burn completely for maximum output.

• MAXIMUM AMOUNT OF HYDROGEN THAT CAN 
BE ADDED IS 0.43%  FOR 14.7 PART OF AIR TO 
BURN COMPLETELY

• THUS IF MORE AMOUNT OF HYDROGEN IS TO 
BE ADDED MORE OXYGEN CAN BE TAKEN AS 
INTAKE OBTAINED FROM ELECTROLYTIC CELL.

Thus there are two cases,

CASE 1: SAME POWER OUTPUT WITH DECREASED 
FUEL CONSUMPTION.

We require 1 gm fuel for obtaining 44 kJ/gm of 
output And 0.272 gm of hydrogen for obtaining 
same power thus Mixture will have 88 kJ/gm output.
Thus for maintaining same output power fuel 
consumption is reduced to almost half of the 
previous methods.

CASE 2: INCREASED POWER WITH SAME FUEL   
CONSUMPTION AND INCREASED AIR FUEL RATIO.

We require to increase the air fuel ratio by increasing 
the amount of oxygen to satisfy the complete 
combustion of mixture thus power output can be 
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increased.

Thus for case 1 we have

For 1 gm fuel we require 0.272 gmhydrogen,
Thus for 1 kg fuel we need 272 gm hydrogen.
Density of gasoline=719.7 kg/m3
Density of hydrogen=0.0898kg/m3
For 1kg gasoline –we need 272 gm hydrogen
Mass of gasoline required for one litre gasoline can 
be found as, density =mass/volume;
Mass of gasoline from calculation=0.7197 kg.
Thus we know,
For 1kg gasoline –we need 0.272 gm hydrogen
0.7197 kg gasoline –we need x gm hydrogen
Thus=0.377 kg hydrogen,
We have mass of hydrogen and density, thus volume 
can be known as,
Volume of hydrogen required for 1 litre of gasoline 
is 4.20ml
Now,
Composition of water is,
H2+O=H2O
Thus,
H2=4.2ml and O =4.2/2=2.1

Thus total amount of water required for one litre 
gasoline is 6.3 ml 

11. Significance based on Analysis :-

• Almost 30% of fuel can be saved maintaining the 
same output.

• Emissions such as HC, NOX are highly reduced. 
Zero emissions are observed on CO.

• Dual-Hybrid vehicle can be made possible 
including hydrogen from electrolysis and 
electricity from fuel cell providing maximum 
efficiency decreasing the dependence on non-
conventional fuels.

• Overall efficiency of the system is increased.
• Economy of considerably increased. 
• Efficiency of overall system is highly increased.
• To achieve these benefits we need to store only 

5.72ml of water per litre of gasoline.
• All this benefits are achieved only by storing small 

amount of water,
• Increasing water storage can help us in making 

vehicle run on electricity.
• Concept of DUAL-HYBRID VEHICLE can be brought 

into existence.
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SYNOPSIS :

Space technology is technology developed by 
space science or the aerospace industry for use in 
spaceflight, satellites, or space exploration. Space 
technology includes spacecraft, satellites, space 
stations, and support infrastructure, equipment, 
and procedures. Space is such a novel environment 
that attempting to work in it requires new tools 
and techniques. Many common everyday services 
such as weather forecasting, remote sensing, GPS 
systems, satellite television, and some long distance 
communications systems critically rely on space 
infrastructure. Of the sciences, astronomy and Earth 
science (via remote sensing) benefit from space 
technology. New technologies originating with or 
accelerated by space-related endeavours are often 
subsequently exploited in other economic activities.

INTRODUCTION :

To send an object from earth into space, it is necessary 
to move it beyond the gravitational limits of earth.
The technology used for sending an object beyond 
the earth gravitational limits of earth is known as 
space technology. While doing so, utmost care is 
taken regarding the extent to which a thing to be 
taken in a space, the energy required for the purpose 
and the guiding systems that take the object to the 
desire location.

Rockets are used for launching things in space. 
Manmade satellite and spacecrafts are launched 
beyond the earth’s gravitation with the help of 
rockets.

USES OF SPACE TECHNOLOGY :

Man hasachieved many things with the help of space 
technology. It is only because of space technology 
man has been able to move beyond the gravitational 
pull of the earth and enter the outer space. 
Spacecrafts and space laboratories help us to study 
the different celestial bodies in the solar system 
directly or indirectly. Through this, we have been 
able to obtain information about the atmosphere, 
solar energy, space, extent of universe etc.

Using space technology, we send different types 
of manmade satellite into space. These perform 
different tasks and benefit us in variety of ways.
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1. We can watch sports events going on anywhere 

in the world.
2. We can survey natural resources and get 

information about the forests,minerals and other 
resources in a region.

3. Satellites help in planning the development of 
region. They also help in strategic planning of 
defence operation.

4. We can contact person who are thousands of 
kilometres away, using telephone or mobile 
phones.

5. We can obtain information about the changes 
in the atmosphere, storms, crop condition, 
reservoirs, pollution, etc.

REMOTE SENSING:

Collecting information about region without 
establishing any physical contact with it,is called 
remote sensing. Through satellites, we can get 
images of the earth’s surface from space. In this 
technique, a portion of the spectrum of light from 
visible to infrared is utilized. This facilitates the 
study of region from different aspects and help us to 
plan development.Remote Sensing is the collection 
of information relating to objects withoutbeing in 
physical contact with them. Thus our eyes and ears 
are remote sensors,and the same is true for cameras 
and microphones and for many instrumentsused 
for all kinds of applications. Remote sensing is the 
process of acquiring data/information aboutobjects/
substances not in direct contact with the sensor, by 

gathering its inputsusing electromagnetic radiation 
or acoustical waves that emanate from thetargets of 
interest. An aerial photograph is a common example 
of a remotely sensed (by camera and film, or now 
digital) product.

The sun is a source of energy or radiation, which 
provides a very convenientsource of energy for 
remote sensing. The sun’s energy is either reflected, 
as it is for visible wavelengths, or absorbed and then 
reemitted, as it is for thermal infrared wavelengths.

There are two main types of remote sensing: Passive 
remote sensing and Active remote sensing.

1. Passive remote sensing, detect natural radiation 
that is emitted or reflected by the object or 
surrounding area being observed. Reflected sunlight 
is the most common source of radiation measured by 
passive sensors. Examples of passive remote sensors 
include filmphotography, infrared, and radiometers.

2. Active remote sensing, on the other hand, emits 
energy in order to scan objects and areas whereupon 
a sensor then detects and measures the radiation 
that is reflected or backscattered from the target. 
RADAR is an example of active remote sensing where 
the time delay between emission and return is 
measured, establishing the location, height, speeds 
and direction of an object.

Remote sensing makes it possible to collect data on 
dangerous or inaccessible areas. Remote sensing 
applications include monitoring deforestation in 
areas such as the Amazon Basin, the effects of 
climate change on glaciers and Arctic and Antarctic 
regions, and depth sounding of coastal and ocean 
depths. Military collection during the cold war made 
use of stand-off collection of data about dangerous 
border areas. Remote sensing also replaces costly 
and slow data collection on the ground, ensuring in 
the process that areas or objects are not disturbed.

Applications of Remote Sensing :

There are probably hundreds of applications - these 
are typical:



33The Exponent Group of Journals For General Engineering, Volume 4, Number 1, Dec 2015 - Feb 2016

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

Meteorology: Study of atmospheric temperature, 
pressure, water vapour, and wind velocity.

Oceanography: Measuring sea surface temperature, 
mapping ocean currents, and wave energy spectra 
and depth sounding of coastal and ocean depths.

Glaciology: Measuring ice cap volumes, ice stream 
velocity, and sea ice distribution.

Geology: Identification of rock type, mapping faults 
and structure.

Geodesy: Measuring the figure of the Earth and its 
gravity field.

Topography and cartography: Improving digital 
elevation models.

Agriculture: Monitoring the biomass of land 
vegetation

Forest: monitoring the health of crops, mapping soil 
moisture

Botany: forecasting crop yields.

Hydrology: Assessing water resources from snow, 
rainfall and underground aquifers.

Disaster warning and assessment: Monitoring of 
floods and landslides, monitoring volcanic activity, 
assessing damage zones from natural disasters.

Planning applications: Mapping ecological zones, 
monitoring deforestation,monitoring urban land use.

Oil and mineral exploration: Locating natural oil 
seeps and slicks, mapping geological structures, 
monitoring oil field subsidence.

Military: developing precise maps for planning, 
monitoring military infrastructure, monitoring ship 
and troop movements.

Urban: Determining the status of a growing crop.

Climate: the effects of climate change on glaciers and 
Arctic and Antarctic regions

Sea: Monitoring the extent of flooding

Rock: Recognizing rock types

Space program: is the backbone of the space program

Seismology: as a premonition.

Principles and Process of Remote Sensing :

Remote sensing actually done from satellites as 
Landsat or airplane or on the ground. To repeat the 
essence of the definition above, remote sensing 
uses instruments that house sensors to view 
the spectral, spatial and radiometric relations of 
observable objects and materials at a distance. Most 
sensing modes are based on sampling of photons 
corresponding frequency in the electromagnetic 
spectrum.In much of remote sensing, the process 
involves an interaction between incident radiation 
and the targets of interest. This is exemplified by the 
use of imaging systems where the following seven 
elements are involved. Note,however that remote 
sensing also involves the sensing of emitted energy 
and the use of non-emitted sensors.

i. Energy Source or Illumination - The first requirement 
for remote sensing is to have an energy source which 
illuminates or provides electromagnetic energy to 
the target of interest.

ii. Radiation and the Atmosphere - As the energy 
travels from its source to the target, it will come in 
contact with and interact with the atmosphere it 
passes through. This interaction may take place a 
second time as the energy travels from the target to 
the sensor.

iii. Interaction with the Target - Once the energy 
makes its way to the target through the atmosphere, 
it interacts with the target depending on the 
properties of both the target and the radiation.

iv. Recording of Energy by the Sensor - After the 
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energy has been scattered by, or emitted from 
the target, we require a sensor (remote - not in 
contact with the target) to collect and record the 
electromagnetic radiation.

v. Transmission, Reception, and Processing - The 
energy recorded by the sensor has to be transmitted, 
often in electronic form, to a receiving and processing 
station where the data are processed.

vi. Interpretation and Analysis - The processed 
image is interpreted, visually and/or digitally or 
electronically, to extract information about the 
target, which was illuminated.

vii. Application - The final element of the remote 
sensing process is achieved when we apply the 
information we have been able to extract from 
the imagery about the target in order to better 
understand it, reveal some new information, or assist 
in solving a particular problem.

Types of Remote Sensing System

Visual remote sensing system

The human visual system is an example of a remote 
sensing system in the general sense. The sensors in 
this example are the two types of photosensitive 
cells, known as the cones and the rods, at the retina 
of the eyes. The cones are responsible for colour 
vision. There are three types of cones, each being 
sensitive to one of the red, green, and blue regions 
of the visible spectrum. Thus, it is not coincidental 
that the modern computer display monitors make 
use of the same three primary colours to generate 
a multitude of colours for displaying colour images. 
The cones are insensitive under low light illumination 
condition, when their jobs are taken over by the rods. 
The rods are sensitive only to the total light intensity. 
Hence, everything appears in shades of grey when 
there is insufficient light. As the objects/events being 
observed are located far away from the eyes, the 
information needs a carrier to travel from the object 
to the eyes. In this case, the information carrier is the 
visible light, a part of the electromagnetic spectrum. 
The objects reflect/scatter the ambient light falling 

onto them. Part of the scattered light is intercepted 
by the eyes, forming an image on the retina after 
passing through the optical system of the eyes. 
The signals generated at the retina are carried via 
thenerve fibres to the brain, the central processing 
unit (CPU) of the visual system. These signals are 
processed and interpreted at the brain, with the 
aid of previous experiences. The visual system is an 
example of a “Passive Remote Sensing” system which 
depends on an external source of energy to operate. 
We all know that this system won’t work in darkness.

Optical Remote Sensing

In Optical Remote Sensing, optical sensors detect 
solar radiation reflected or scattered from the earth, 
forming images resembling photographs taken by 
a camera high up in space. The wavelengthregion 
usually extends from the visible and near infrared 
VNIR to the short-wave infrared SWIR. Different 
materials such as water, soil, vegetation, buildings 
and roads reflect visible and infrared light in different 
ways. They have different colours and brightness 
when seen under the sun. The interpretations of 
optical images requires the knowledge of the spectral 
reflectance signatures of the various materials 
(natural or man-made) covering the surface of the 
earth.

Infrared Remote Sensing

Infrared remote sensing makes use of infrared 
sensors to detect infrared radiation emitted from the 
Earth’s surface. The middle-wave infrared (MWIR)
and long-wave infrared (LWIR) are within the thermal 
infrared region. These radiations are emitted from 
warm objects such as the Earth’s surface. They are 
used in satellite remote sensing for measurements 
of the earth’s land and sea surface temperature. 
Thermal infrared remote sensing is also often used 
for detection of forest fires, volcanoes, oil fires.

Microwave Remote Sensing

There are some remote sensing satellites which 
carry passive or active microwave sensors. The 
active sensors emit pulses of microwave radiation 
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to illuminate the areas to be imaged. Images of 
the earth surface are formed by measuring the 
microwave energy scattered by the ground or sea 
back to the sensors. These satellites carry their own 
“flashlight” emitting microwaves to illuminate their 
targets. The images can thus be acquired dayand 
night. Microwaves have an additional advantage as 
they can penetrate clouds.Images can be acquired 
even when there are clouds covering the earth 
surface. A microwave imaging system which can 
produce high resolution image of the Earth is the 
synthetic aperture radar (SAR). Electromagnetic 
radiation in themicrowave wavelength region is used 
in remote sensing to provide useful information 
about the Earth’s atmosphere, land and ocean. 
When microwaves strike a surface, the proportion 
of energy scattered back to the sensor depends on 
many factors :
• Physical factors such as the dielectric constant 

of the surface materials which also depends 
strongly on the moisture content;

• Geometric factors such as surface roughness, 
slopes, orientation of the objects relative to the 
radar beam direction;

• The types of landcover (soil, vegetation or man-
made objects).

• Microwave frequency, polarisation and incident 
angle.

Radar Remote Sensing

Using radar, geographers can effectively map out 
the terrain of a territory. Radar works by sending 
out radio signals, and then waiting for them to 
bounce off the ground and return. By measuring 
the amount of time it takes for the signals to return, 
it is possible to create a very accurate topographic 
map. An important advantage to using radar is that 
it can penetrate thick clouds andmoisture. This 
allows scientists to accurately map areas such as rain 
forests,which are otherwise too obscured by clouds 
and rain. Imaging radar systems are versatile sources 
of remotely sensed images, providing daynight, all-
weather imaging capability. Radar images are used 
to map landforms and geologic structure, soil types, 
vegetation and crops, and ice and oil slicks on the 
ocean surface.

Synthetic Aperture Radar (SAR)

In synthetic aperture radar (SAR) imaging, microwave 
pulses are transmitted by an antenna towards the 
earth surface. The microwave energy scattered back 
to the spacecraft is measured. The SAR makes use 
of the radar principle to form an image by utilising 
the time delay of the backscattered signals. In real 
apertureradar imaging, the ground resolution is 
limited by the size of the microwave beam sent out 
from the antenna.

Satellite Remote Sensing

In this, you will see many remote sensing images 
acquired by earth observation satellites. These 
remote sensing satellites are equipped with sensors 
looking down to the earth. They are the “eyes in the 
sky” constantly observing the earth as they go round 
in predictable orbits.

Orbitalplatforms collect and transmit data from 
different parts of the electromagnetic spectrum, 
which in conjunction with larger scale aerial or ground-
based sensing and analysis provides researchers with 
enough information to monitor trends. Other uses 
include different areas of the earth sciences such 
as natural resource management, agricultural fields 
such as land usage and conservation, and national 
security and overhead, ground-based and stand-off 
collection on border areas.

How Satellites Acquire Images
Satellite sensors record the intensity of 
electromagnetic radiation (sunlight) reflected from 
the earth at different wavelengths. Energy that is not 
reflected by an object is absorbed. Each object has its 
own unique ‘spectrum’. Remote sensing relies on the 
fact that particular features of the landscape such 
as bush, crop, salt-affected land and water reflect 
light differently in different wavelengths. Grass looks 
green, for example, because it reflects green light 
and absorbs other visible wavelengths. This can be 
seen as a peak in the green band in the reflectance 
spectrum for green grass above. The spectrum also 
shows that grass reflects even more strongly in the 
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infrared part of the spectrum. While this can’t be 
detected by the human eye, it can be detected by an 
infrared sensor. Instruments mounted on satellites 
detect and record the energy that has been reflected. 
The detectors are sensitive to particular ranges of 
wavelengths, called ‘bands’. The satellite systems are 
characterised by the bands at which they measure 
the reflected energy. The Landsat TM satellite, which 
provides the data used in this project, has bands at 
the blue, green and red wavelengths in the visible 
part of the spectrum and at three bands in the near 
and mid infrared part of the spectrum and one 
band in the thermal infrared part of the spectrum. 
The satellite detectors measure the intensity of the 
reflected energy and record it.

COMMUNICATION :

The use of advanced means of communication such 
as television channels, mobile phone, fax,internet 
has brought the world closer. The credit of this goes 
largely to communication satellites.

APPLICATIONS  OF COMMUNICATION  SATELLITES :

1) Weather Forecasting

Certain satellites are specifically designed to monitor 
theclimatic conditions of earth. They continuously 
monitor the assignedareas of earth and predict the 
weather conditions of that region.This is done by 
taking images of earth from the satellite. Theseimages 
are transferred using assigned radio frequency to 
the earthstation. (Earth Station: it‟s a radio station 
located on the earth andused for relaying signals from 
satellites.) These satellites areexceptionally useful in 
predicting disasters like hurricanes, andmonitor the 
changes in the Earth’s vegetation, sea state, ocean 
color, and ice fields.

2) Radio and TV Broadcast

These dedicated satellites are responsible for making 
100sof channels across the globe available for 
everyone. They are alsoresponsible for broadcasting 
live matches, news, world-wide radioservices. These 
satellites require a 30-40 cm sized dish to make
these channels available globally.
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3) Military Satellites

These satellites are often used for gathering 
intelligence, asa communications satellite used for 
military purposes, or as amilitary weapon.A satellite 
by itself is neither military nor civil. It isthe kind of 
payload it carries that enables one to arrive at a 
decisionregarding its military or civilian character.

4) Navigation Satellites

The system allows for precise localization world-wide, 
andwith some additional techniques, the precision is 
in the range ofsome meters. Ships and aircraft rely on 
GPS as an addition to
traditional navigation systems. Many vehicles come 
with installedGPS receivers. This system is also used, 
e.g., for fleetmanagement of trucks or for vehicle 
localization in case of theft

5) Global Telephone

One of the first applications of satellites for 
communicationwas the establishment of 
international telephone backbones.Instead of 
using cables it was sometimes faster to launch a 
newsatellite. But, fiber optic cables are still replacing 
satellitecommunication across long distance as 
in fiber optic cable, light isused instead of radio 
frequency, hence making the communicationmuch 
faster (and of course, reducing the delay caused due 
to theamount of distance a signal needs to travel 
before reaching thedestination.)

Using satellites, to typically reach a distance 
approximately10,000 kms away, the signal needs 
to travel almost 72,000 kms,that is, sending data 
from ground to satellite and (mostly) fromsatellite 
to another location on earth. This causes 
substantialamount of delay and this delay becomes 
more prominent for usersduring voice calls.

6) Connecting Remote Areas

Due to their geographical location many places all 
over theworld do not have direct wired connection 
to the telephone networkor the internet (e.g., 

researchers on Antarctica) or because of thecurrent 
state of the infrastructure of a country. Here the 
satelliteprovides a complete coverage and (generally) 
there is one satellitealways present across a horizon.

7) Global Mobile Communication

The basic purpose of satellites for mobile 
communication isto extend the area of coverage. 
Cellular phone systems, such asAMPS and GSM 
(and their successors) do not cover all parts of 
acountry. Areas that are not covered usually have 
low populationwhere it is too expensive to install 
a base station. With theintegration of satellite 
communication, however, the mobile phonecan 
switch to satellites offering world-wide connectivity 
to acustomer. Satellites cover a certain area on the 
earth. This area istermed as a „footprint‟ of that 
satellite. Within the footprint,communication with 
that satellite is possible for mobile users.

These users communicate using a Mobile-User-Link 
(MUL). Thebase-stations communicate with satellites 
using a Gateway-Link(GWL). Sometimes it becomes 
necessary for satellite to create acommunication link 
between users belonging to two differentfootprints. 
Here the satellites send signals to each other and this 
isdone using Inter-Satellite-Link (ISL)
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GLOBAL POSITIONING SYSTEM (GPS) :

The technique used to determine the exact position 
of a place on the surface of the earth is called Global 
Positioning System (GPS) . For this a particular 
instrument is used  which connects to different 
satellites orbiting in space. Through this the position 
of a place is fixed with reference to the latitudes 
and longitudes. It also facilitates the mesurement of 
altitudes. Preparing and updating maps has become 
easier through this technique. 

A satellite-based positioning system available 24/24h 
everywhere on the globe with an accuracy better 
than 100 m. Originally designed for navigation 
and real-time positioning (meter-level accuracy): 
navigation (airplanes, ships, car, missiles, etc…) It is 
also capable of mm-level accuracy, with important 
scientific “by-products”:  In geodesy: shape and 
rotation of the Earth, terrestrial reference frame . 
In solid Earth geophysics: deformation of the Earth’s 
crust (earthquakes, volcanoes, plate tectonics) . In 
atmospheric sciences: tropospheric water vapor, 
ionospheric electron content.

Three “segments” The space segment = satellites: 
– Broadcast radio signals toward users on the Earth 
– Receive commands from the ground.The control 
segment: monitors the space segment and send 
commands to satellites.The user segment: receivers 
record and interpret the radio signals broadcast by 
the satellites

SPACE POLLUTION :

Man has launched a large number of satellites 
,spacecrafts, and space laboratories to date. Most of 
these  satellites and laboratories keep revolving in the 
space around the earth. They become a part of space 
debris once the mission is completed. They may 
contain harmful and poisonous chemicals and gases. 
This debris in the space leads to space pollution. The 
amount of this garbage is increasing day by day.
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If part of this garbage comes closer to the gravitational 
field of earth, there is a risk of these articles falling on 
the surface of the earth. The harmful chemicals and 
explosives in them can be dangerous to life on the 
earth. 

CONCLUSION:

Space technologies are key to the modern 
information and industrial society. Communication 
and TV reporting around the world, the satellite 
navigation system in vehicles or precise climate and 
weather analyses through to emergency mapping 
and earth system understanding all depend on 
space technologies Space projects will be judged 
according to the contribution they make to solving 
the challenges facing global society including human 
thrive for knowledge in sciences and whether the 
long-term application of high levels of funding can be 
expected to bring adequate benefits.
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Introduction:

With the invention of various materials (Such as Metal 
like Iron, Aluminium etc) on our earth human started 
developing many types of manufacturing processes 
to transform these materials into a useful products.  
Further the detailed study of these materials helped 
Scientist and Engineers to understand the internal 
crystal structures of these materials at Microscopic 
scale and the properties of these materials. In 
this article we will study how various items are 
manufactured with Forging process. And the enhance 
properties of these forged components. 

Fig (1) Metal Testing Laboratory

This knowledge about the properties of the materials 
further answered to the questions such as why 
Iron is heavier than Aluminium, Why Iron melts at 
temperature higher than Aluminium etc.

Engineers continued the development of various 
types of manufacturing processes such as Casting, 
Forging and Machining etc.

Fig (2)

Further to that Engineers understood that the 
Manufacturing process also contributes to the 
internal structure of the metal and hence ultimately 
the strength of the manufactured parts.

This internal structure is the representation of the 
internal crystals of the metal, how they are bonded 
with each other and how they are distributed among 
the metal part. Denser, Continuous is the structure 
stronger is the part.

Let us see an example of it - 

A steel golf bat is manufactured by Casting, Forging 
and Machining.
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 Fig (3)

When this bat was cut and tested to check its internal 
structure, it shows different internal structure of for 
all three manufacturing processes. 

Fig (4) 

Fig (5)

It can be seen from above pictures that Forging parts 
are much stronger than Casting parts.

This is why selection of manufacturing process is very 
important for reaching the properties of the part. 
Manufacturing decides the internal structure and 
consequently the strength and other properties of a 
part.

In this article we will see the Forging Process and its 
applications.

Metal forging is a metal forming process that 
involves applying compressive forces to a work piece 
to deform (i.e. to change the Shape) it, and create 
a desired geometric change to the material. The 
forging process is very important in industrial metal 
manufacture, particularly in the extensive iron and 
steel manufacturing industry. A steel forge is often a 
source of great output and productivity. 

 Fig (6) 

Die: It is made out of Tool steel material, in two parts 
and raw material is pressed in between these two 
dies. 
Raw Material: Steel, Aluminium or any other metal 
to be forged.

Metal forging is known to produce some of the 
strongest manufactured parts compared to other 
metal manufacturing processes, and obviously, is 
not just limited to iron and steel forging but to other 
metals as well. Different types of metals will have a 
different factors involved when forging them, some 
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will be easier to forge than others. 

 Fig (7)

What metals are Forged:

Just about any metal can be forged. However, some of 
the most common metals include: Alloy and stainless 
steels; very hard tool steels; Aluminum; Titanium; 
Brass and Copper; and High-temperature alloys 
which contain Cobalt, Nickel or Molybdenum. Each 
metal has distinct strength or weight characteristics 
that best apply to specific parts as determined by the 
user.

Applications of the Forged parts:
Common Application of Forged Components are as 
below:

AUTOMOTIVE & TRUCK
AGRICULTURAL MACHINERY & EQUIPMENT
VALVES, FITTINGS, OIL FIELD APPLICATIONS
HAND TOOLS & HARDWARE
OFF-HIGHWAY EQUIPMENT/RAILROAD
GENERAL INDUSTRIAL EQUIPMENT
ORDNANCE/SHIPBUILDING
AEROSPACE

1) AUTOMOTIVE & TRUCK:

Fig (8) Steel axle spindles are used in semi-trailer 
axles

The characteristics of forged parts strength, 
reliability and economy are what makes them 
ideal for vital automotive and truck applications. 
In Vehicles the forged components are commonly 
found at points of shock and stress such as wheel 
spindles, kingpins, axle beams and shafts, torsion 
bars, ball studs, idler arms, pitman arms and 
steering arms. Another common application is in the 
powertrain, where connecting rods, transmission 
shafts and gears, differential gears, drive shafts, 
clutch hubs and universal joints are often forged. 
Although typically forged from carbon or alloy steel, 
other materials such as aluminum and micro alloyed 
steels are seeing great advances in forged auto and 
truck applications.

2) AGRICULTURAL MACHINERY & EQUIPMENT: 

Fig (9)

Strength, toughness and economy are also important 
in farm implements. In addition to engine and 
transmission components, key forgings subjected to 
impact (High amount of force in a very short period 
of time) and fatigue ( Cyclic and repetitive application 
of force) range from gears, shafts, levers and spindles 
to tie-rod ends, spike harrow teeth and cultivator 
shafts.

3) VALVES, FITTINGS, OIL FIELD APPLICATIONS: 
 

Fig (10)
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Because of their superior mechanical properties 
and freedom from porosity, forgings are often 
associated with the high pressure applications of 
the valve and fitting industry. Corrosion and heat-
resistant materials are used for flanges, valve bodies 
and stems, tees, elbow reducers, saddles and other 
fittings. Oil field applications include rock cutter 
bits, drilling hardware, and high-pressure valves and 
fittings.

4) HAND TOOLS & HARDWARE: 
 

Fig (11)

Forged has traditionally been the mark of quality in 
hand tools and hardware. Pliers, hammers, sledges, 
wrenches and garden tools, as well as wire-rope 
clips, sockets, hooks, turnbuckles and eye bolts are 
common examples. Surgical and dental instruments 
are also often forged. Special hardware for electrical 
transmission and distribution lines such as pedestal 
caps, suspension clamps, sockets and brackets are 
commonly forged for strength, dependability and 
resistance to corrosion.

5) OFF-HIGHWAY EQUIPMENT/RAILROAD

Fig (12) 

Strength, toughness, machinability and economy 
account for the many uses of forgings in off-
highway and heavy construction equipment, mining 
equipment, and material handling applications. In 
addition to engine and transmission parts, forgings 
are used for a wide variety of gears, sprockets, levers, 
shafts, spindles, ball joints, wheel hubs, rollers, yokes, 
axle beams, bearing holders and links.

6) GENERAL INDUSTRIAL EQUIPMENT

Forgings of great size are often found in industrial 
equipment and machinery used by the steel, textile, 
paper, power generation and transmission, chemical 
and refinery industries to name just a few. Typical 
forged configurations include bars, blanks, blocks, 
connecting rods, cylinders, discs, Elbows, Rings, T’s, 
shafts and sleeves.

7) ORDNANCE/SHIPBUILDING

Forged components are found in virtually every 
implement of defense, from rifle triggers to nuclear 
submarine drive shafts. Heavy tanks, missiles, 
armored personnel carriers, shells and other heavy 
artillery are common defense-related applications of 
forged components.

8) AEROSPACE

High strength-to-weight ratio (I.e. the strength of 
the part is more for the same weight of the part 
manufactured by other manufacturing process) 
and structural reliability can favorably influence 
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performance, range, and payload capabilities of 
aircraft. Made of various ferrous, non-ferrous and 
special alloy materials, forgings are widely used in 
commercial jets, helicopters, piston-engine planes, 
military aircraft and spacecraft. Some examples 
of where a forging’s versatility of size, shape and 
properties make it an ideal component include 
bulkheads, wing roots and spars, hinges, engine 
mounts, brackets, beams, shafts, landing gear 
cylinders and struts, wheels, brake carriers and discs 
and arresting hooks. In jet turbine engines, iron-base, 
nickel-base and cobalt-base super alloys are forged 
into components such as discs, blades, buckets, 
couplings, manifolds, rings, chambers and shafts.

Now let us see comparison between parts made by 
Forging and other manufacturing processes.

(1) How FORGINGS compare to CASTING PARTS

Forgings are stronger. Forging surpasses casting in 
predictable strength properties - producing superior 
strength that is assured, part to part.

Preworking forge refines defects from cast ingots 
or continuous cast bar. A casting process cannot 
prevent formation of certain metallurgical defects. 

Forgings are more reliable, less costly. Casting defects 
occur in a variety of forms. Because hot working 
refines grain pattern and imparts high strength, 
ductility and resistance properties, forged products 
are more reliable. And they are manufactured 
without the added costs for tighter process controls 
and inspection that are required for casting.

Forgings offer better response to heat treatment. 
Castings require close control of melting and cooling 
processes. This results in non-uniform heat treatment 
response that can affect straightness of finished 
parts. Forgings respond more predictably to heat 
treatment and offer better dimensional stability.

Forgings are flexible, cost-effective production 
adapts to demand. Some castings, such as special 
performance castings, require expensive materials 
and process controls, and longer lead times. Open-
die and ring rolling are examples of forging processes 
that adapt to various production run lengths and 
enable shortened lead times.

(2) How FORGINGS compare to Weldments/

Fabrications

Forgings offer production economies, material 
savings. Welded fabrications are more costly in 
high volume production runs. Initial tooling costs for 
forging can be absorbed by production volume and 
material savings and forgings intrinsic production 
economics lowers labor costs, scrap and rework 
reductions and reduced inspection costs.

Forgings are stronger. Welded structures are not 
usually free of porosity. Any strength benefit gained 
from welding or fastening standard rolled products 
can be lost by poor welding or joining practice. The 
grain orientation achieved in forging makes stronger 
parts.
Forgings offer cost-effective designs/inspection. A 
multiple-component welded assembly cannot match 
the cost-savings gained from a properly designed, 
one-piece forging. Such part consolidations can result 
in considerable cost savings. In addition, weldments 
require costly inspection procedures, especially for 
highly stressed components. Forgings do not.

Forgings offer more consistent, better metallurgical 
properties. Selective heating and non-uniform 
cooling that occur in welding can yield such 
undesirable metallurgical properties as inconsistent 
grain structure. In use, a welded seam may act as 
a metallurgical notch that can lead to part failure. 
Forgings have no internal voids that cause unexpected 
failure under stress or impact.

Forgings offer simplified production. Welding and 
mechanical fastening require careful selection of 
joining materials, fastening types and sizes, and 
close monitoring of tightening practice both of 
which increase production costs. Forging simplifies 
production and ensures better quality and consistency 
part after part.

(3) How FORGINGS compare to Machined Bar/Plate

Forgings offer broader size range of desired material 
grades. Sizes and shapes of products made from steel 
bar and plate are limited to the dimensions in which 
these materials are supplied. Often, forging may be 
the only metalworking process available with certain 
grades in desired sizes. Forgings can be economically 
produced in a wide range of sizes from parts whose 
largest dimension is less than 1 in. to parts weighing 
more than 450,000 lbs.
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Forgings have grain oriented to shape for greater strength. Machined bar and plate may be more susceptible 
to fatigue and stress corrosion because machining cuts material grain pattern. In most cases, forging yields a 
grain structure oriented to the part shape, resulting in optimum strength, ductility and resistance to impact 
and fatigue.

Forgings make better, more economical use of materials. Flame cutting plate is a wasteful process one of 
several fabricating steps that consumes more material than needed to make such parts as rings or hubs. Even 
more is lost in subsequent machining.

Forgings yield lower scrap; greater, more cost-effective production. Forgings, especially near-net shapes, 
make better use of material and generate little scrap. In high-volume production runs, forgings have the 
decisive cost advantage.

Forgings require fewer secondary operations. As supplied, some grades of bar and plate require additional 
operations such as turning, grinding and polishing to remove surface irregularities and achieve desired finish, 
dimensional accuracy, machine-ability and strength. Often, forgings can be put into service without expensive 
secondary operations.

Types of Forging Processes
There are basically three methods (or processes) to make a forged part.

(1) Impression Die Forging:

Impression die forging pounds or presses metal between two dies (called tooling) that contain a precut 
profile of the desired part. Parts from a few ounces to 60,000 lbs. can be made using this process. Some of 
the smaller parts are actually forged cold.

PROCESS OPERATIONS
Impression Die Forging Process Operations

In the simplest example of impression die forging, two dies are brought together and the workpiece undergoes 
plastic (i.e. Permanent) deformation until its enlarged sides touch the side walls of the die. Then, a small 
amount of material begins to flow outside the die impression forming flash that is gradually thinned. The 
flash cools rapidly and presents increased resistance to deformation and helps build up pressure inside the 
bulk of the workpiece that aids material flow into unfilled impressions.
     

Fig (13) 
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Upsetting

Fundamentally, impression die forgings produced on 
horizontal forging machines (upsetters) are similar 
to those produced by hammers or presses. Each is 
the result of forcing metal into cavities in dies which 
separate at parting lines.

Fig (14) 

The impression in the ram-operated “heading tool” 
is the equivalent of a hammer or press top die. The 
“grip dies” contain the impressions corresponding to 
the hammer or press bottom die.

Process Capabilities

Commonly referred to as closed-die forging, 
impression-die forging of steel, aluminum, titanium 
and other alloys can produce an almost limitless 
variety of 3-D shapes that range in weight from mere 
ounces up to more than 25 tons. Impression-die 
forgings are routinely produced on hydraulic presses, 
mechanical presses and hammers, with capacities 
up to 50,000 tons, 20,000 tons and 50,000 lbs. 
respectively.

As the name implies, two or more dies containing 
impressions of the part shape are brought together 
as forging stock undergoes plastic deformation. 
Because metal flow is restricted by the die contours, 
this process can yield more complex shapes and 
closer tolerances than open-die forging processes. 
Additional flexibility in forming both symmetrical 
and non- symmetrical shapes comes from various 
preforming operations (sometimes bending) prior to 
forging in finisher dies.

Part geometry’s range from some of the easiest to 

forge simple spherical shapes, block-like rectangular 
solids, and disc-like configurations to the most 
intricate components with thin and long sections 
that incorporate thin webs and relatively high vertical 
projections like ribs and bosses. Although many parts 
are generally symmetrical, others incorporate all 
sorts of design elements (flanges, protrusions, holes, 
cavities, pockets, etc.) that combine to make the 
forging very non-symmetrical. In addition, parts can 
be bent or curved in one or several planes, whether 
they are basically longitudinal, equidimensional or 
flat.

Most engineering metals and alloys can be forged 
via conventional impression-die processes, among 
them: carbon and alloy steels, tool steels, and 
stainless, aluminum and copper alloys, and certain 
titanium alloys. Strain-rate and temperature-sensitive 
materials (magnesium, highly alloyed nickel-based 
superalloys, refractory alloys and some titanium 
alloys) may require more sophisticated forging 
processes and/or special equipment for forging in 
impression dies.

Fig (15) 

(2) Cold Forging:

Most forging is done as hot work, at temperatures up 
to 2300 degrees F, however, a variation of impression 
die forging is cold forging. Cold forging encompasses 
many processes -- bending, cold drawing, cold 
heading, coining, extrusions and more, to yield a 
diverse range of part shapes. The temperature of 
metals being cold forged may range from room 
temperature to several hundred degrees.
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Process Operations

1. Forward extrusion reduces slug diameter and  
 increases its length to produce parts such as  
 stepped shafts and cylinders.

 
2. In backward extrusion, the steel flows back and  
 around the descending punch to form  
 cup-shaped pieces.

 
3. Upsetting, or heading, a common technique for  
 making fasteners, gathers steel in the head and  
 other sections along the length of the part.

Fig (16) 

Process Capabilities:

Cold forging encompasses many processes bending, cold drawing, cold heading, coining, extrusion, 
punching, thread rolling and more to yield a diverse range of part shapes. These include various shaft-like 
components, cup-shaped geometry’s, hollow parts with stems and shafts, all kinds of upset (headed) and 
bent configurations, as well as combinations.

Most recently, parts with radial flow like round configurations with center flanges, rectangular parts, and non-
axisymmetric parts with 3- and 6-fold symmetry have been produced by warm extrusion. With cold forging 
of steel rod, wire, or bar, shaft-like parts with 3-plane bends and headed design features are not uncommon.

Typical parts are most cost-effective in the range of 10 lbs. or less; symmetrical parts up to 7 lbs. readily lend 
themselves to automated processing. Material options range form lower-alloy and carbon steels to 300 and 
400 series stainless, selected aluminum alloys, brass and bronze.

There are times when warm forging practices are selected over cold forging especially for higher carbon 
grades of steel or where in-process anneals can be eliminated.

Often chosen for integral design features such as built-in flanges and bosses, cold forgings are frequently used 
in automotive steering and suspension parts, antilock-braking systems, hardware, defense components, and 
other applications where high strength, close tolerances and volume production make them an economical 
choice.

In the process, a chemically lubricated bar slug is forced into a closed die under extreme pressure. The 
unheated metal thus flows into the desired shape. As shown, forward extrusion involves steel flow in the 
direction of the ram force. It is used when the diameter of the bar is to be decreased and the length increased. 
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Backward extrusion, where the metal flows opposite to the ram force, generates hollow parts. In upsetting, 
the metal flows at right angles to the ram force, increasing diameter and reducing length.

 Fig (17)  Courtesy: Raufoss 

(3) Open Die Forging

Open die forging is performed between flat dies with no precut profiles is the dies. Movement of the work 
piece is the key to this method. Larger parts over 200,000 lbs. and 80 feet in length can be hammered or 
pressed into shape this way.

PROCESS OPERATIONS

Open Die Forging Process

SHAFTS

1. Starting stock, held by 
manipulator.

2. Open-die forging. 3. Progressive forging. 4. Lathe turning to near 
net-shape.
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DISCS

1. Starting stock. 2. Preliminary upsetting.
3. Progressive upsetting/

forging to disc 
dimensions.

4. Pierced for saddle/
mandrel ring hollow 

“sleeve type” preform.

SADDLE / MANDRELRINGS

1. Preform mounted on 
saddle/mandrel.

2. Metal displacement-
reduce preform wall 
thickness to increase 

diameter.

3. Progressive reduction 
of wall thickness 
to produce ring 

dimensions.

4. Matching to near net 
shape.

HOLLOW”SLEEVETYPE”FORGING

1. Punched or trepanned disc on tapered draw bar.
2. Progressive reduction of outside diameter (inside 
diameter remains constant) increases overall length 

of sleeve.

Fig (18) 
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Process Capabilities

Practically all forgeable ferrous and non-ferrous alloys can be open-die forged, including some exotic materials 
like age-hardening super alloys and corrosion-resistant refractory alloys.

Open-die shape capability is indeed wide in latitude. In addition to round, square, rectangular, hexagonal 
bars and other basic shapes, open-die processes can produce:

Step shafts solid shafts (spindles or rotors) whose diameter increases or decreases (steps down) at multiple 
locations along the longitudinal axis.

Hollows cylindrical in shape, usually with length much greater than the diameter of the part. Length, wall 
thickness, ID and OD can be varied as needed.
Ring-like parts can resemble washers or approach hollow cylinders in shape, depending on the height/wall 
thickness ratio.

Contour-formed metal shells like pressure vessels, which may incorporate extruded nozzles and other design 
features.

Not unlike successive forging operations in a sequence of dies, multiple open-die forging operations can be 
combined to produce the required shape. At the same time, these forging methods can be tailored to attain 
the proper amount of total deformation and optimum grain-flow structure, thereby maximizing property 
enhancement and ultimate performance for a particular application. Forging an integral gear blank and hub, 
for example, may entail multiple drawing or solid forging operations, then upsetting. Similarly, blanks for 
rings may be prepared by upsetting an ingot, then piercing the center, prior to forging the ring.
 

Fig (19)

(4) Seamless Rolled Ring Forging

Seamless rolled ring forging is typically performed by punching a hole in a thick, round piece of metal (creating 
a donut shape), and then rolling and squeezing (or in some cases, pounding) the donut into a thin ring. Ring 
diameters can be anywhere from a few inches to 30 feet.
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PROCESS OPERATIONS

1. The ring rolling process typically begins with 
upsetting of the starting stock on flat dies at its 
plastic deformation temperature - in the case of 
grade 1020 steel, approximately 2200 degrees 

Fahrenheit.

2. Piercing involves forcing a punch into the hot 
upset stock causing metal to be displaced radially, as 

shown by the illustration.

3. A subsequent operation, shearing, serves to 
remove the small punchout ...

4. ...producing a completed hole through the stock, 
which is now ready for the ring rolling operation 
itself. At this point the stock is called a preform.

5. The doughnut-shaped preform is slipped over the 
ID roll shown here from an “above” view.

6. A side view of the ring mill and preform 
workpiece, which squeezes it against the OD roll 

which imparts rotary action...

7. ...resulting in a thinning of the section and correspondence increase in the diameter of the ring. Once off 
the ring mill, the ring is then ready for secondary operations such as close tolerance sizing, parting, heat 

treatment and test/inspection.
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Seamless Rolled Ring Forging Process Operations 
igh tangential strength and ductility make forged 
rings well-suited for torque- and pressure-resistant 
components, such as gears, engine bearings for 
aircraft, wheel bearings, couplings, rotor spacers, 
sealed discs and cases, flanges, pressure vessels and 
valve bodies. Materials include not only carbon and 
alloy steels, but also non-ferrous alloys of aluminum, 
copper and titanium, as well as nickel-base alloys.

Process Capabilities

Rings forged by the seamless ring rolling process can 
weigh < 1 lb up to 350,000 lbs., while O.D.’s range 
from just a few inches up to 30-ft. in diameter. 
Performance-wise, there is no equal for forged, 
circular-cross-section rings used in energy generation, 
mining, aerospace, off-highway equipment and other 
critical applications.

Seamless ring configurations can be flat (like a washer), 
or feature higher vertical walls (approximating a 
hollow cylindrical section). Heights of rolled rings 
range from less than an inch up to more than 9 ft. 
Depending on the equipment utilized, wall-thickness/
height ratios of rings typically range from 1:16 up 
to 16:1, although greater proportions have been 
achieved with special processing. In fact, seamless 
tubes up to 48-in. diameter and over 20-ft long are 
extruded on 20 to 30,000-ton forging presses.

Even though basic shapes with rectangular cross-
sections are the norm, rings featuring complex, 
functional cross- sections can be forged to meet 
virtually any design requirements. Aptly named, 
these contoured rolled rings can be produced in 
thousands of different shapes with contours on the 

inside and/or outside diameters. A key advantage to 
contoured rings is a significant reduction in machining 
operations. Not surprisingly, custom-contoured 
rings can result in cost-saving part consolidations. 
Compared to flat-faced seamless rolled rings, 
maximum dimensions (face heights and O.D.’s) of 
contoured rolled rings are somewhat lower, but are 
still very impressive in size.

Fig (20) 

This was general introduction to the Forging 
technology.
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