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Engineering, contrary to popular belief, is an art… and 
we engineers are the artists- the dreamers and the in-
novators. We dream of the impossible today and make 

it possible tomorrow. Technology is developing at an expo-
nential rate and we engineers are the driving potential. 
But in this fast paced world, technology, it seems is grow-
ing too fast. There is no doubt that our education system 
has many constraints. The syllabus we follow is not flexible. 
The course material we follow is outdated or obsolete due 
to quick advancements in technology. Hence we should not 
limit the source of our knowledge to the college curriculum. 
We the students of the Mechanical Engineering Department 
have understood this need, and have thus decided to create 
this magazine. We hope to build a suitable platform to share 
information about the latest in engineering.
Since its inception in 2011, Real Mechanica has organized 
many activities and now the latest venture being ‘Mechazine’. 
In this edition we bring you all kinds of information ranging 
from F1 inspired car technologies to information on future 
prospects for engineering graduates.
I have to thank the director of this institution for granting 
us permission to create this magazine. The principal has 
always been a great support to our department and I sincere-
ly thank him for giving us this opportunity. I also thank the 
entire department, the HOD and the faculty for their ardent 
support. Lastly I thank the team behind the magazine and 
the students for their hard work in making this magazine a 
success.
We hope this magazine will prevail for many years to come 
and come out with many more editions. Our expectations 
are high.!!!

Noel Alex 
Rahul Raj K
S6-ME

EDITORIAL

disclaimer
Mechazine is an informative 
magazine; all the articles are 
referred from Textbooks, In-
ternet ,e-books ,journels and 
guided by subject experts.
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          FROM THE PRINCIPAL’S DESK

It gives me great pleasure to know that the Department of Mechanical Engi-
neering is bringing out its very own technical magazine MECHAZINE this year. 

The wide range of scrupulously researched and well written articles in MECHAZINE 
bear testimony to the intellectual prowess, technical calibre and professional com-
petence of the students and staff of  the department. Ever since its inception in 2011, 
the department has distinguished itself in all spheres of activity; with the release of 
MECHAZINE the department will have succeeded in carving a niche for itself at RSET.

Let me congratulate all the students and staff of the Department of Mechanical Engi-
neering, especially the Editorial Board of MECHAZINE on this remarkable accom-
plishment. I conclude by wishing all of you the very best for the future. May your ded-
icated efforts reap laurels for you, our country, and the discipline in the years to come.
 

                   dr. J Isaac
                                                   Principal 
Rajagiri school of Engineering and Technology
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On behalf of all the staff and students of Mechan-
ical Engineering Department, a very warm and 
affectionate welcome to the Mechanical Engi-

neering Technical Magazine, Mechazine for the year 
2013-14.  It is a moment of great pride for the depart-
ment, where our students have brought out the inau-
gural issue of the Mechazine. Our students have done 
a commendable job under the guidance of Assistant 
Professors, Vineeth Krishna and Jithin P Narayanan in 
bringing out this Technical Magazine. I am excited to 
report that ever since its formation in the year 2012, the 
department has a team of highly qualified, experienced, 
committed faculty members and is continuously grow-
ing with the inception of well equipped labs.
Mechanical engineering is one of the broadest engi-
neering disciplines. Mechanical engineers use the con-
cepts of Mechanics, Kinematics, Thermodynamics and 
Energy to design and analyze Automobile, Aircraft, 
Heating and Cooling Systems, Watercraft, Manufactur-
ing plants, Industrial Equipment and Machinery, Ro-
botics, Medical Devices and more.

Even though the development of Mechanical Engineer-
ing can be traced back several thousand years around 
the world, it emerged as a field in the later part of 18th 
century in Europe during the industrial revolution. The 
explosive development in computer technology in the 
second half of twentieth century has literally changed 

the face of mechanical engineering. The drawing board 
has given way to computer aided- drafting (CAD), and 
sophisticated computational software tools have enabled 
mechanical engineers to develop efficient solutions to 
complex technical problems. The emerging high-tech-
nical field of nanotechnology is attracting mechanical 
engineers to design ultra-miniature machines and tiny 
implantable medical devices that navigate the human 
body searching for disease and damaged tissue.
To remain competent and competitive throughout one’s 
career, the mechanical engineer must continuously 
learn about the new developments in the field.  I wish 
that this magazine will provide an arena where students 
can share their knowledge, which will enhance their 
learning opportunities. Students who are active in this 
venture will certainly improve their knowledge, acquire 
leadership skills and gain a competitive edge.
I am hopeful that this Magazine will not only develop 
a taste of sharing the technical knowledge among stu-
dents and staff but also develop a sense of belonging-
ness to the institution as well. 

Best Regard

Manoj G Tharian
HOD. Deparment of Mechanical Engineering

FROM 
THE HOD’s DESK



Power Distribution Gears: 
                   The Next Leap

As the power and power density of rotating ma-
chines continue to increase, turbo gearboxes are 
approaching their limits in terms of safe and reli-
able operation. Some radical rethinking in gearbox 
design is called for if future machinery trains are 
not to be compromised by the capacity of their 
gear units. Gearboxes are widely used to reduce or 
increase the speed of prime movers to match these 
to the driven machinery. Especially in critical oper-
ations where redundant equipment is not installed, 
the gearbox is just as key to reliability and safety as 
any other link in the power train.
Yet perhaps not surprisingly, many engineers are 
more interested in the driver or the driven equip-
ment, gas turbines, electric motors, compressors, 
and pumps – than in the gear box, which is often 
treated as a commodity item.
The fact that this is possible is a fine tribute to the 
reliability of standard turbo gearboxes, which op-
erate under punishing conditions of stress, impact 
and wear. Even gear experts can-not work miracles, 
however, and the turbo gearbox as we know it is 
rapidly reaching the limits of performance. It is 
time for something new.

Limits of Convention

Traditional gear designs for turbomachinery fall into two 
types: parallel shaft and epicyclic. Parallel shaft gearboxes 
have two shafts, each carrying a single gear. They are avail-
able in power ratings up to 140 MW for small gear ratios 
<6 when installed, for instance, between a gas turbine and 
a generator. As the name suggests, the input and output 
shafts do not share the same axis.

Epicyclic gearboxes split the power between several “plan-
et” gears which move around a central “sun” gear while 
also meshing with a surrounding “ring” gear. Epicyclic 
gears are com-pact and provide co-axial input and output, 
but are limited to a power rating of 45 MW in the demand 
for a gear ratio >6.
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As the current generation of turbo gearboxes approach their op-
erating limits, an innovative design provides new levels of perfor-
mance and the potential to debottleneck entire drive trains

Eldho Samuel,
 S6, ME
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To understand the limiting factors in gear design we 
need to translate external operating characteristics – 
power ratings and speeds – into gear-specific design 
parameters. The main factors controlling power and 
speed limits are:
     •pitchline velocity (PLV) – the linear velocity 
of the gear teeth; 
       • elastic deflection produced by torques and 
bending moments on all parts of the gearbox, espe-
cially as it applies to the pinion 
(the smaller of the two gears in a parallel shaft gear-
box); 
    • desired input and output speeds; 
    • operating limits of the bearings (loads and 
journal velocities); 
   • factor of safety chosen for the application. 

The job of the gear designer is to find the best bal-
ance between these limiting factors, which some-
times conflict. For in-stance, taking advantage of 
the increased speed capacity of a high-performance 
bearing implies an increase in the PLV, which in 
turn raises both the circumferential forces within the 
gears and the tendency for oil flow to be interrupted. 
In a parallel shaft gearbox the solution is to increase 
the center line distance (and hence the overall gear 
size) to create a larger lever effect.

OUTSIDE THE BOX

Incremental design improvements, such as the use of 
high-grade steels to withstand high PLVs, or an im-
proved bearing design for higher journal velocities, 
boost the capabilities of conventional gear units. The 
resulting improvements are small, however, and the 
“tweaked” gearbox is still operating at its limits. Also, 
of course, it is a bad idea to be using what are essen-
tially prototype gear units running in unproven areas 
of the speed-power chart .

An alternative to waiting for incremental improve-
ments in materials science is to use an alternative 
gear design with a split power path. Such an approach 
overcomes the limiting para-meters controlling the 
teeth and bearings of conventional gear types. Most 
importantly from the point of view of the plant design-
er, it removes the bottleneck imposed by current gear 
designs on the power limits of entire turbomachinery 
chains. Splitting the power path to create a “power dis-
tribution gear-box” (PDG ) allows the speed limit for a 
given transmission power to be increased and consid-

erably eases the bearing problem. The limiting factor 
in the design of a PDG becomes the toothing: the 
speeds at which the teeth mesh and the heat generated 
there, mainly through compression of a mixture of oil 
and air. PDGs can currently be designed for power rat-
ings up to 170 MW, output speeds up to 100,000 RPM, 
and gears ratio up to 10.

These limits mean that in some cases the gear unit 
becomes the determining link in the drive train. Tur-
bocompressors, for instance, are currently restricted to 
approximately 35 MW by their gearboxes, depending 
to some extent on the input and output speeds re-
quired

Figure 1: The power distribution gear (PDG) 
uses a planetary arrangement to divide up the in-
coming shaft power, compound gears to further 
increase the peripheral velocity, and a second 
planetary arrangement to drive the output shaft. 
The result is a gear unit that can transmit more 
power at higher speeds than is possible with a 
conventional parallel shaft or epicyclic gearbox.

Currently the maximum physical achievable PLV is 
200 m/s and the maximum journal velocity is 100 m/s. 
The maximum bearing load is 3.45 MPa if we refer to 
API 613 (paragraph 2.7.2.4), the gear standard applica-
ble to high-speed gearboxes in the oil and gas industry.
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      Figure 2: Because the two sun gears are supported by the 
planets, the main input and output shafts of the PDG need 

no bearings

PDG DESIGN AND FUNCTION

The PDG combines the simple and robust construction of 
parallel shaft gears with the load-splitting ability of epicy-
clic gears (Figure 1:). The result is a gear unit which offers 
high power ratings, speeds and speed ratios while remain-
ing well within critical technical limits and so providing 
excellent safety margins. 
The whole arrangement acts like a two-stage parallel shaft 
gear, but with several advantages:
• distributing the power between several planet 
gears reduces tooth loads; 
• as with epicyclic gears, each sun pinion is support-
ed by its planets, so no bearings are required on either the 
low-speed or the high-speed side; 
•the three planet gears are supported by six hydrodynam-
ic bearings instead of the four used in parallel shaft gear 
units; 
• the input and output shafts are coaxial; 
• since there is no outer ring gear, as an epicyclic 
gearbox would require, the PDG is compact. 
Integral double diaphragm couplings on the input and-
output shafts of the PDG accommodates axial, radial, and 
angular offsets to ensure optimal power transmission and 
rotodynamic performance. The short axial length of these 
couplings reduces the overall distance between shaft ends 
(DBSE) between the driver and the driven machine.

The PDG contains three or more planet gears 
arrayed around a central sun pinion. Each planet 
gear is actually a compound design whose second 
set of teeth meshes with a second sun pinion on a 
separate shaft as shown in Figure 2.

POWER 
DISTRIBUTION 

GEARS OFFER HIGH 
POWER RATINGS, 

SPEEDS, AND SPEED 
RATIOS WHILE RE-

MAINING SMALL 
ENOUGH TO PRO-

VIDE EXCELLENT 
SAFETY MARGINS.
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Performance in Critical Applications

An example of a typical gas-turbine-driven compressor 
shows how the PDG out-performs a parallel shaft gear 
unit in applications requiring high power density. The 
gas turbine speed is assumed to be 5,000 rpm and the 
compressor speed 12,500 rpm.

Pitchline Velocity
A parallel shaft unit reaches in this case its maximum 
safe PLV of 190 m/s at a power rating of 26 MW. For 
the PDG, the PLV curve rises more slowly, and at 26 
MW its PLV is with 132 m/s, 30% lower (58 m/s lower 
in absolute terms) compared to that of the parallel 
shaft unit. Even at power ratings up to 65 MW and 
beyond, the PDG still has a PLV below 180 m/s. The 
reason for this improved performance is the smaller 
diameter of the planet gears in the PDG compared to 
the pinion gear in the parallel shaft unit. This increases 
the safety margin for centrifugal forces that is pro-
portional to the square of the velocity divided by the 
diameter.
Figure 3: shows how the maximum PLV of the gear 
teeth varies as a function of transmitted power for the 
given input and output speeds.

Example: Gas turbine driven compressor
Input speed: 5,000 rpm  Output speed: 12,500 rpm

Figure 3: The PLV in a PDG remains 
below the 200 m/s safe limit for power 
ratings right up to 65 MW and more. 
The traditional parallel shaft gear, on 
the other hand, tops out at a power 
rating of 26 MW.

Journal velocity

The curves relating bearing journal velocity to power 
transmit-ted (Figure 4:) are quite similar to those for 
PLV against power. The parallel shaft gear cannot 
handle more than 26 MW before the journal veloc-
ity reaches its safe limit of around 100 m/s. At this 
power rating, the PDG bearings are running at only 
50 m/s – a 100% safety margin – and even at 65 MW 
the journal velocity is no more than 65 m/s, still well 
below the safe limit. The lower journal velocities 
arise because the pins (like stub axles) of the planet 
gears in the PDG are smaller in diameter than the ra-
dial bearings which support the pinion in the parallel 
shaft gear unit.

Example: Gas turbine driven compressor - Input 
speed: 5,000 rpm 
  Output speed: 12,500 rpm
 

“Even at power ratings up to 65 MW 
and beyond, the PDG still has a PLV 
below 180 m/s.”
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•	 Figure 4: Bearing 
journal velocities 
tell a similar story: 
where parallel shaft 
gears are limited 
to 26 MW in this 
application, the PDG 
maintains acceptable 
journal velocities up 
to 65 MW and more.

Bearing load

Along with pitchline and journal velocities, bearing load is the third main factor limiting gearbox performance. 
(Figure 5: shows identical bearing loads for both gear designs in our compressor example.

Even at high powers, increasing the diameter of the planet pins keeps the PDG bearing nearly to the maximum 
of 3.45 N/mm2 set by API 613. These pins function as fixed pro-file sleeve bearings Bearing loads are also re-
duced because the PDG has six bearings (two for each planet gear shaft) compared to the four sup-porting the 
gear set of the parallel shaft gear.

Gas Turbine @ 5,000 rpm to Centrifugal Compressor @12,500 rpm

Figure 5:  With 
the right choice 
of pin diameter 
for the planet 
gears, bearing 
loads in the PDG 
remain below 
the API limit 
even at high 
powers.
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Efficiency

Especially in the oil and gas industry, reliability, safety and 
availability of machinery are rightly the most important op-
erating characteristics. But as operators also come to focus 
on the cost of energy and cutting CO2 emissions, efficien-
cy also plays a role. As with the other criteria, in terms of 
efficiency the PDG rivals the parallel shaft design (Figure 
6:). As the parallel shaft gear approaches its limit of 26 MW, 
losses increase significantly, and at 26 MW the efficiency of 
the PDG is 0.7% higher. Even more importantly, the PDG 
retains its efficiency of nearly 99% even when transmitting 
65 MW.

Gas Turbine @ 5,000 rpm to Centrifugal Compressor 
@12,500 rpm

Figure 6: Close to its maximum 
power, the parallel shaft gear shows 
reduced efficiency. The efficiency of 
the PDG remains higher even at pow-
er ratings up to 65 MW

High power density applications

As we have seen, splitting the power path gives the 
PDG more headroom in all three of the main param-
eters – PLVs, journal velocities, and bearing loads 
– which limit power transmission in conventional 
parallel shaft gears. Lower stresses and temperatures 
make the PDG more reliable, and its efficiency re-
mains high. However, the higher complexity of a PDG 
compared to a parallel shaft gear unit means that some 
design aspects have to be considered carefully. To 
ensure sufficient tooth lubrication, for instance, the 
planet gears require internal oil ways as well as exter-
nal flush lubrication. The relatively high ventilation 
within the gearbox created by the rotating suns and 
planets, which is at least proportional to the square of 
the velocity, also can disrupt external lubrication and 
prevent the sun gears from getting enough oil. Special 
oil baffles are needed to tackle this problem, and there 
is room for further improvement. As a result, the PDG 
is best suited to applications requiring high power 
density, where traditional gear designs are approach-
ing the limits of feasibility. In such cases it offers some 
compelling advantages. 

In particular, this new gear design brings opportu-
nities to debottleneck drive trains in which the gear-
box has previously been the limiting factor. Gas-tur-
bine-driven compressor trains, for instance, can 
now use larger compressors, and gas turbine models 
which up to now have been used mainly for power 
generation can find new applications as compres-
sor drivers.
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“New gear design brings opportunities 
to debottleneck drive trains in which the 
gearbox has previously been the limit-
ing factor.”
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How Helicopters work?

A helicopter is a ‘rotorcraft’. This means that in a 
helicopter lift and thrust are produced by a rotating 
blade. This allows the helicopter to move around and 

take it where fixed winged aircrafts have difficulty to move.

                    The main rotor system provides both the lift and controls for 
the helicopter. Controlling the helicopter or chopper is done 
by varying the pitch on the rotor blades. To vary the pitch of a 
rotating blade is very difficult and is done using a swash plate. 
What the swash plate does is to convert a non-rotating control 
input motion into a rotating control output motion. 

                    Swash plate controls the movement of a 
helicopter. We must understand that 
the speed of the rotor always remains 
constant. How is that possible? This just 
means that when in air and when about 
to take off the speed of the rotor blades in 
the helicopter is the same. Here we must understand that the 
lift in a helicopter is not produced by varying the speed of the 
rotor but by changing the angle of rotation 
of the rotor blades. In short we control the amount of thrust 
required by varying the pitch of the blades. Similarly in the tail 
blades control is made by varying the pitch of the blade

There are 3 kinds of control motion. They are 
Collective pitch (up and down)
Cyclic pitch (pitch and roll)
Anti-torque (yaw)
                   Collective pitching is done to 
make the helicopter to move up or down. This 
is done by taking the entire swash plate up or 
down respectively. When the swash plate is 
moved up the blades will tilt so as to make the 
rotating blades aero foils thus making the area 
above the aero foil more and below it less and 
thus the velocities of moving air will increase 
above the blades whereas the velocity of air 
below the blades decreases. This is due to the 
change in area above and below the blades. 
Thus the pressure increases below the blades 
decreases above it thus producing the lift.
                   Cyclic pitching is done in a similar way 
as that for the collective pitch. Here the swash 
plate is made to tilt in only one direction. Thus 
the pitch of the blades continuously changes 

over the course of rotation thus thrust 

also changes over the rotation. This makes the 
helicopter to move in the direction of thrust. 
We should note that the trust is produced at 
a 90deg phase shift from where we applied 
the tilt on the swash plate. This is due to a 
complicated process known as gyroscopic 
precession. 
                         Anti-torque is an essential 
requirement for a helicopter. When a helicopter 
rotor rotates there will be a tendency for the 
helicopter to rotate with the blades in that 
direction. To hinder this rotating effect on the 
helicopter we use tail rotors to counter this. 
Both the rotors get the power from the same 
engine using gears to translate and to vary 
power for the main and tail rotors.

Sachin George
S6 ME
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GYROSCOPIC PRECESSION

                    It occurs when a large mass rotates very fast. It 
could be defined as any force acting on a fast 
rotating disc could actually take effect over a 
90deg phase shift. Precession means change 
in orientation of rotating axis.  If the speed of 
the rotation and the magnitude of the torque 
are constant, the axis will describe a cone, 
its movement at any instant being at right 
angles to the direction of the torque. 

                          This could be understood by an experiment. 
Take a bicycle wheel, rotate it very fast, and 
then hold it horizontally. Now if we try to apply 
a force at any point on the wheel using some 
lever we find that the wheel will rise at the left 
side if we apply the force upward and if the 
wheel is rotating clockwise and if any of the 
above conditions vary we find that the wheel 
will rise at the right side.

DRAWING FIRST REALISED 
BY LEANARDO DA-VINCI 
ABOUT HELICOPTER.

Fig: shows gyroscopic precession
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               DISSYMMETRY OF LIFT

                         If we think about it we find that, if the helicopter’s 
main rotor is rotating in clockwise direction and if the 
helicopter is moving forward we see that the helicopter 
will have a greater lift on the left side than on the right this 
is known as the dissymmetry of lift. This is because when 
helicopter moves forward and rotor rotates clockwise the 
left side of the rotor will have more velocity than the right 
side because of the velocity of the chopper. This results in 
dissymmetry of lift. 

But due to gyroscopic precession this will take place after 
a 90deg phase shift and will try to pitch the helicopter 
than to roll it. To counter act this rotor on the retrieving 
side is more pitched which produces more lift. This 
pitching reaches a certain point where if more pitch is 
applied the drag will be much greater than the lift this 
is called retrieving blade stall. This is a self-correcting 
mechanism due to gyroscopic precession.

Fig :- Shows swash plate.

HELICOPTER ENGINE

                 The basic difference between a jet engine and 
helicopter engine is that helicopter engine does 
not use the thrust produced by the engine in order 
to move forward. But it makes use of the rotation 
produced by the turbine to rotate the blades of 
the helicopter. Thus providing with the necessary 
thrust to take off the helicopter and move forward 
with the help of swash plate.
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“Modern subsonic jet aircraft 
usually use  high-bypass 
turbofan engines.”

In forward flight a helicopter’s flight controls 
behave more like those of a fixed-wing aircraft. 
Displacing the cyclic forward will cause the 
nose to pitch down, with a resultant increase in 
airspeed and loss of altitude. Aft cyclic will cause 
the nose to pitch up, slowing the helicopter and 
causing it to climb. Increasing collective (power) 
while maintaining a constant airspeed will 
induce a climb while decreasing collective will 
cause a descent. Coordinating these two inputs, 
down collective plus aft cyclic or up collective 
plus forward cyclic, will result in airspeed 
changes while maintaining a constant altitude. 
The pedals serve the same function in both a 
helicopter and a fixed-wing aircraft, to maintain 
balanced flight. This is done by applying a pedal 
input in whichever direction is necessary to 
center the ball in the turn and bank indicator.

New innovations in helicopter industry
                 
The fastest helicopters now available are 
the Eurocopter X3 (X-Cubed). This is an 
experimental high speed compound helicopter 
developed by Airbus helicopters (formerly 
Eurocopter group). Airbus is an European 
aerospace manufacturing group. The max 
speed attained by X3 is (293 mph; 472 km/h). 
Beating Sikorsky Aircraft Sikorsky X2 into 2nd 
position which had the previous record speed of 
(287.5 mph, 460 km/h). Sikorsky Aircraft is an 
American aerospace manufacturing group.
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Liquid Piston 

                      X Engine

A significant portion of our present day power re-
quirements are met by internal combustion engines 

but with the growing environmental concerns and the 
escalating fear of depletion of oil the world is hoping 
for a revolution in engine technology that will solve the 
problems posed by todays engines the most prominent 
ones being greenhouse gas emission and  low efficiency.

Research and development is underway in many parts 
of the world and numerous breakthroughs have been 
reported, this article presents one such breakthrough 
the X2 engine designed by the Liquid Piston Compa-
ny.

The X-engine is developed by the Liquid Piston Com-
pany based in Bloomfield, Connecticut, USA.
The engine is based on a thermodynamic cycle known 
as the HEHC (Highly Efficient Hybrid Cycle), invent-
ed by Dr. Nikolay Shkolnik and Dr. Alexander Shkol-
nik in 2003, the cycle is a combination of Otto, Diesel, 
Rankine, and Atkinson cycles. The company currently 
operates out of 6000 sq.ft. Facility in Bloomfield. The X 
engine is a revolutionary new engine that its inventors 
claim achieves a theoretical thermal efficiency of 75% 
as obtained from the HEHC cycle, with practical effi-
ciency above 50%. The engine is scalable from a 1HP 
to as much as 1000HP while being more compact than 
a conventional diesel engine.

Deepak Sunil Abraham
(S4-ME)
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According to its inventor Shkolnik the HEHC is unsuited 
for piston engines hence the rotary arrangement; which 
reduces the number of moving parts to 3 while the num-
ber of major components   reduces to 13. Thus the size 
of the engine reduces to 1/10th the size of a conventional 
diesel engine.

The X-Engine is a rotary engine, as opposed to a piston 
engine commonly used for power generation, which 
means that engine has a rotor, which rotates, as opposed 
to a piston engine which has a reciprocating piston. The 
X-engine shares its distinction of being a rotary engine 
with that of the Wankel engine. The two engines while 
falling in the same class are dramatically different from 
each other. As Shkolnik puts it “It’s almost like the Wan-
kel engine flipped inside-out.” The Wankel engine, as 
opposed to the Liquid Piston Engine, operates on the 
Otto Cycle, has a lower surface to volume ratio and has 
higher emissions. The seals on the Wankel engine move 
around with the rotor while in the X engine they have 
been moved to the housing.

The liquid piston engine utilises direct injection, constant 
volume combustion with a compression ratio of about 
18:1, the fuel burns for a much longer period of time as 
opposed to a conventional engine extracting more power 
from the heat generated and reducing emissions.

The working of the liquid piston engine as stated at 
the beginning of this article is based on the HEHC 
cycle. In the liquid piston engine the air is compressed 
to a very high pressure similar to a diesel engine. This 
compressed air is then isolated and maintained at 
constant volume into which fuel is injected this fuel 
auto-ignites. The air fuel mixture instead of being al-
lowed to expand is held at constant volume providing 
a longer combustion time, then it is over-expanded 
to near atmospheric pressure thus maximum work is 
extracted from the energy generated.

The constant volume combustion and overexpansion 
has provided the Liquid Piston engine with a num-
ber of desirable properties that give it an edge over 
conventional IC Engines the main factor being the 
consumption of fuel the Liquid Piston Engine burns 
of most of its fuel as opposed to an IC engine which 
gives out a chunk of the fuel as exhaust. The engine 
does not have any poppet valves which mean that 
the Liquid Piston Engine enjoys a comparatively si-
lent operation as opposed to a conventional engine. 
Because of the Liquid Piston’s X Engine architecture 
geometry,
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standard materials and 2-D manufacturing can be used, great-
ly decreasing the design, build and testing cycle. The Liquid 
Piston engine also moves the seals from the rotor (as in a Wan-
kel engine ) to the housing thus eliminating the need for spe-
cialised cooling mechanisms. The Liquid Piston engine also 
doesn’t require an elaborate silencer mechanism as in a con-
ventional engine. The Liquid Piston engine is also multi-fuel 
capable diesel, gasoline, natural gas, JP-8.

The potential of Liquid Piston engines is tremendous the con-
stant volume combustion used in the engine according to its 
creator Shkolnik is “the holy grail of automotive engineering.” 
According to the company the Liquid Piston Engine has three 
combustion events per revolution of the rotor resulting in high 
energy density. Liquid piston engines are bound to see tremen-
dous acceptance in cases where small, lightweight, engines are 
required like military applications, robotics etc. The engine has 
the potential to revolutionise the automotive industry bring-
ing in more efficient, environment friendly vehicles. Liquid 
Piston engine can extend the range of hybrid cars further than 
any conventional engine design can ever do. Being multi-fuel 
ready means that the engine can run on heavy fuels as well as 
future fuels which may be produced from sources other than 
fossil fuels.

The HEHC Cycle compared to other cycles as shown in 
in figure 1.
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Vehicle population all-over the world is ris-
ing and has posed a great opportunity for 
manufacturers and suppliers alike. This has 
also produced the need to answer  on the 
fronts of safety, efficincy and traffic guid-
ance. The answer lies in the field of Nano-
technology. Find out how nanotechnology 
is affecting the world of automotive design 
and how you may benefit from it.
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BETWEEN
NANOTECHNOLOGY 

AND AUTOMOTIVE        
DESIGN

Since Richard P. Feynman said, “There is Plenty of Room at the Bottom” (Dec. 1959), nano technology has 
been growing heaps and bounds, thanks to the curious minds of the engineers and scientists. But the real 

technology comes to play when these are put into practical usage. One such application falls in the field of 
automobiles.
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INTRODUCTION TO                 
NANOTECHNOLOGY 

Until the mid-1980’s pure solid carbon was thought 
to exist in only two physical forms, diamond and 
graphite. Diamond and graphite have different physi-
cal structures and properties however their atoms are 
both arranged in covalently bonded networks. These 
two different physical forms of carbon atoms are 
called allotropes. 
In 1985 a group of researchers led by Richard 
Smalley and Robert Curl of Rice University in Hous-
ton and Harry Kroto of the University of Sussex in 
England made an interesting discovery. They vapor-
ized a sample of graphite with an intense pulse of 
laser light and used a stream of helium gas to carry 
the vaporized carbon into a mass spectrometer. The 
mass spectrum showed peaks corresponding to clus-
ters of carbon atoms, with a particularly strong peak 
corresponding to molecules composed of 60 carbon 
atoms, C60. 

Depending on the physical confinement in space, 
they are classified as 3D nano particles (nano pores, 
quatum pores etc), 2D nano particles (nano rings, 
nano tubes etc) and 1D nano particles (nano shells, 
nano platelets etc).

A carbon nanotube (CNT) is a tubular carbon struc-
ture with hollow cylindrical graphene walls capped 
by fullerene-type hemispheres. A carbon nanotube 
comprising a singular graphene tube is called a ‘sin-
gle wall carbon nanotube’ (SWCNT), and concentric 
graphene tubes nested within each other are called 
‘multi-wall carbon nanotubes’, (MWCNT).Nano 
tubes whose length in microns and diameter in nano 
range finds its unique properties being exploited to 
the maximum.

Due to the high aspect ratio, the quasi-one-dimen-
sional structure, and the graphite-like arrangement 
of the carbon atoms in the shells, nanotubes exhibit 
a very broad range of unique chemical, mechanical 
and electronic properties. The properties of nano-
tubes can change depending on their different struc-
tures and quality. Large increases in strength, tough-
ness, and superior electrical and thermal properties, 
are some of the potential benefits of using nanotubes 
as the filler material in polymer-based composites, 
when compared with traditional carbon, glass or 
metal fibres.

CARBON         
NANOTUBES        

EXHIBIT UNIQUE 
CHEMICAL,         

MECHANICAL, 
AND ELECTRONIC                       

PROPERTIES        
ENABLING THEM  
TO BE USED IN A 
WIDE RANGE OF 

APPLICATIONS

The remarkable electrical and mechanical properties 
of carbon nanotubes make them excellent candidates 
for a range of electrical, mechanical and electro-me-
chanical applications. Carbon fibres have already 
been used to strengthen a wide range of materials, 
and the special properties of carbon nanotubes mean 
that they could be the ultimate-strength fibre. Since 
they are composed entirely of carbon, nanotubes also 
have a low specific weight.

One of the interesting physical properties about 
carbon nanotubes is that when two of them which 
have slightly different physical structures are joined 
together, the junction (gap or small space) between 
them can function as an electronic device. This 
electronic behavior depends upon the structure of 
the two tubes. There are three unique geometries of 
carbon nanotubes. The three different geometries 
are armchair, zig-zag, and chiral [i.e. zig-zag (n, 0); 
armchair (n, n); and chiral (n, m)]
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CARBON NANOTUBES CONDUCT         
ELECTRICITY BETTER THAN COPPER AND 

TRANSMIT HEAR BETTER THAN DIAMOND 
AND RANK AMONG THE STRONGEST    

MATERIALS KNOWN.

Some of the applications of nano technology 
in  different parts of the automobile are as given      
below :

Tyres :
Tyres are one of the early applications of nanostruc-
tured materials in automobiles. Carbon black was 
the first nanomaterial to be used by the automotive 
industry in tyres as a pigment and reinforcing agent. 
There are three products that significantly improve 
the properties of natural rubber: soot, silica and 

organosilane. Now being produced in nanoscale 
form, these particles as well as the cross-linking with 
the natural rubber molecules play a key role for tyre 
properties.

Propulsion :
Nanotechnology holds great promise for improving 
the performance and life-times of the Li-ion batter-
ies. It also has the potential to enhance the energy 
and power density, shorten the recharge time, as well 
as decrease the size and weight while improving   
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safety and stability of the batteries. 

Engine parts :
A thermally sprayed nanocoating that could replace 
the heavier cast iron liners that provide the necessary 
wear resistance of cylinder bores in aluminum block 
engines. This thin wear-resistant coating reduces 
weight and improves friction performance while 
delivering equal durability and reliability to the prod-
uct.

Fuel Injection system :
Piezo fuel injection technology is now used not only 
in diesel engines, but also in their petrol counter-
parts. In the case of direct injection, a pump first 
builds up high pressure before it shoots the fuel finely 
dosed into the combustion chamber of the cylinder 
via a nozzle. The precision with which this happens 
directly influences the combustion process. The high-
er the pressure and the more precisely the dose and 
time of injection can be controlled, the more efficient 
fuel combustion will be. Nano crystalline piezoelec-
tric materials will improve these piezoelectric mate-
rials.

Fuel exhaust system :
For exhaust cleaning in petrol-powered cars, systems 
based on three-way catalysts are used. The impact of 
catalysts generally depends on the size of the sur-
face. If the material used for the catalytic function is 
scaled to the nanometer range, the specific surface 
increases drastically. 
Conventional catalysts have a working temperature 
of about 125 degrees centigrade (C), with virtually no 
effect before attaining this temperature. This espe-
cially is a concern in cold climates, where catalytic 
converters take longer to warm up. Nanomaterials, 
on the other hand, can operate at temperatures rang-
ing from -4 degrees C to 500 degrees C, making them 
effective in all climates and weather conditions. 
Fuel additives and sensors :

Nanotechnology has also made a foray into the 
area of fuel additives. Nanomaterials in fuel addi-
tives enable complete combustion, imp¬roving fuel 
eco¬¬nomy and reducing harmful emissions such as 
carbon monoxide and hydrocarbons. Nanomaterials 
remain suspended in the fuel, enhancing their effec-
tiveness. Conventional additives tend to sink to the 
bottom of the tank.

Other applications :

 Nanocoatings applied to mechanical parts, and 
nanostructured lubricants, help reduce friction and 
abrasion and thereby improve fuel efficiency.

Cars are common expressions of how developed a 
nation is. True to this statement, the most developed 
nations of the world have their own and stable car 
manufacturing industries that they export to the 
rest of the world. More than that, some nations have 
become synonymous with the brand and quality of 
their manufactured cars as the case of Japan, Ger-
many, and the United States. Unsatisfied with all the 
modifications they have created on their cars, they 
have taken automotive technology a bit further by 
using nanotechnology for cars. Thus the implemen-
tation of nano technology has brought about huge 
opportunities in automobile industry. 
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“ THE ADVENT OF                             
NANOTECHNOLOGY 

PROMISES TO CHANGE 
THE WORLD OF                             

TRANSPORTA-
TION IN WAYS THAT 

WERE    EARLIER                         
UNIMAGINABLE”
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“

Learning 
to Walk

Jerin Shaji 
S6 ME
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        I’ll sell my 
soul just to see 
your face
Starts a song I heard lately and thinking about it 
reminded me how much technology helps us to 
be with our loved ones. May it be a text message, a 
phone call and so on.  The advancements in technol-
ogy are astonishing and every now and then it has 
something for us. One of the most interesting and 
novel fields in technology is the one of robotics. The 
developments are fascinating. But we must accept the 
fact that present technology stumbles when it comes 
to getting robots ‘to walk’.
The primary problem of movement in robots is con-
sumption of large amount of energy for the motion 
of legs whereas we know that in animals and humans 
we don’t use much energy for the same. This makes 
us wonder the secret behind the ‘skill’ of walking. It 
may be said to be the result of the rhythmic coordi-
nation of muscles and skeleton, but, as an engineer, 
to replicate the same, this depth of information is 
not of much help. ‘Human walking is extraordinarily 
complex and we still don’t understand completely 
how it works,” says Jonathan Hurst, an expert in 
robot locomotion.

A recent paper published in ‘The Journal of Exper-
imental Biology’ says that a group of researchers 
has identified ‘this mystery’. The studies suggest that 
this long mystery behind the “high power push off ” 
observed in the movement of legs has been unveiled. 
They say the cyclic motion of legs during walking has 
2 phases, viz. the ‘alleviation’ phase and the ‘launch-
ing’ phase.
During the first phase, the trailing leg is relieved of 
the mass of body. In the subsequent phase, which 
they call the launching phase, in order to allow the 
drastic release of stored energy, the knee buckles 
like a triggering catapult. We should remember that 
it was noted earlier, muscles alone could not do the 
“powerful push off ”. But now, it is revealed that this 
is the result of coordination between the knee and 
ankle and it is from this, we generate the required 
energy for the ‘swing’ of the leg, one of the most im-
portant parts of walking.
This is one big finding, especially when it comes to 
replicating human walk. Presently, robots do walk 
with the ‘swing’, but it is by additional force and 
makes the same inefficient. As it can be understood, 
these findings will have a great impact on walking 
of robots, however the immediate impact of these 
studies is in the field of prosthetic limbs and will thus 
help thousands of physically disabled.
The scope of these findings  immense. It could mean 
a revolution in the field of robotics. Possibilities on 
better movement in robots especially those to con-
quer tougher terrains and mimic human walking are 
promising. Let’s hope the day is not far away.

““
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MYO
ANYONE??

Anand Kumar
S6 ME

Over the last five years, the touchscreen has 
supplanted the mouse and keyboard as the 
primary way that many of us interact with 

computers. But will multi-touch enjoy a 30-year 
reign like its predecessor? Or will a newcomer swoop 
in and steal its crown? One up-and-comer, Thalmic 
Labs, hopes that the next ruler will be 3D gesture 
control.
2013 saw the rise of gesture cameras for TVs and 
various smart devices, but Canadian startup Thalmic 
Labs thinks its MYO armband is the way forward. 
Unlike most gesture control machines that use cam-
era sensors to detect motion, the Myo uses a combi-
nation of motion sensors and muscle activity sensors 
to track gestures. Using a variety of accelerometer, 
gyroscopes, and magnetometer, the MYO can detect 
detailed data about your arm’s muscle activity, down 
to the tension level. When you snap your fingers, 
wave your hand, or point your finger, it translates 

that movement into a gesture based on the muscles 
used. An ARM processor and rechargeable batter-
ies power the armband, which communicates with 
devices using Bluetooth low energy.

In a demo using two armbands to play Call of Duty, 
Thalmic Labs co-founder Aaron Grant programmed 
the armband to differentiate between left and right 
arm, and which specific movements determine the 
in-game character’s action.
For example, clenching a fist in the right hand can 
pull the game’s gun trigger, while clenching the left 
hand’s fist makes the character crouch. Expanding 
the right hand can also halt the armband from acti-
vation, for when the wearer wants to take a break.
You don’t need to strain your arm clenching a fist for 
the MYO to recognize what was happening. Since the 
MYO are strapped to the user’s arms, the game can 
be controlled from any part of the room. No standing 

Thalmic Labs, hopes that the next ruler in com-
puter interaction will be 3D gesture control.
Can multi-touch stand a chance agaist the 
newcomer? We find out
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in front of a camera peripheral, no hovering your 
arms in front of you. You can even play the game 
with the arms down by your side if you want.
Other use cases for the MYO include entertain-
ment controls, such as turning your fist like a knob 
to control music volume or swiping hands left and 
right to rewind or fast forward content. Similarly, 
the gestures can be used in enterprise settings such 
as PowerPoint presentations or class lectures.

CEO Stephen Lake explained that his Bluetooth 
4.0 device features a new type of biosensor, which 
can pick up minute electrical impulses in our arm 
muscles. This allows any wrist movement, finger 
twitch or fist clenching to be interpreted as a ges-
ture, so long as the inner side of the MYO has skin 
contact. There’s also an accelerometer, a gyroscope 
and a magnetometer, so arm and body movements 
are accounted for as well.
The idea of MYO traces back to the co-founders’ 
university days, where they explored various wear-
able technologies while working on a navigation 
aid for the blind. Lake said since brain control isn’t 
quite there yet, his team found muscle sensing to 
be the next best thing. 
The retail version of the MYO will arrive within 
the first half of 2014, and not only will it be half as 
thick as the MYO Alphas shown today, but it’ll also 
feature at least two core applications that will make 
full use of the armband.
Can MYO stand out in a gesture-control field that 
will include Microsoft, Leap Motion, and - who 
knows - maybe Apple? 
The Myo gesture-control armband is looking to 
consign camera-based gesture recognition to the 
history books.
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It isn’t all that uncommon when 
you are playing that latest awe-

some F1 game, that someone comes 
around and makes a snide remark 
on how you are wasting time go-
ing around in circles. Whether you 
are driving around in your real car, 
or a car from your computer, you 
would never deny that it is im-
mensely fun and adrenaline pump-
ing. But how far has racecars im-
pacted modern day road cars? It is 
quite a big question. How can auto-
mobile manufacturers justify their 
spending billions on racecars? The 
answer to both the 

questions is that your Maruti 800 
or the several decades old Am-
bassador for that matter is not 
fundamentally very different from 
a racing car. They have four wheels 
and a steering after all.

Car racing teams have always 
hired the best of engineers and de-
signers to do their racecars. Their 
influence on road cars is much 
more than you think. In fact you 
could go as far as saying that the 
car in your garage is a mini-de-
rivative of a sports car. DSG and 
clutch-less automatic gearboxes, 
push-button
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RACECARS TODAY
ROAD-CARS TOMORROW

                
                  On why cars you drive today aren’t all that different from
                  the racecars ofyesterday. And how you could be driving 
                   today’s racing machines tomorrow!

starts, high performance brakes and tires are always inspired by racing. Because racecars push the 
vitals of a car to its limits, they almost always tend to be used by car manufacturers as a testing 
arena for their road cars. Indeed, Honda goes on in their official blogs in great detail about how 
their participation in races improve their road cars
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CARS TODAY WERE RACE-
CARS YESTERDAY

1) Transmission
Automatic transmissions in 
today’s cars were developed by 
racecar engineers to accommodate 
for the large number of gear shifts 
in racing. Especially notable is the 
development of Direct-Shift-Gear-
boxes (DSG) and clutch less trans-
mission.
2) Push Button Starts
Push-button starts were devised as 
a time saver in racing machines. 
In previous generation racecars, 
in order to save time, Porsche 
kept the ignition switch on the left 
side and the gear on the right to 
enable simultaneous operation at 
the start. This can be seen in most 
Porsche cars even today.
3) Suspensions
Racing cars push car suspensions 
to the limit; therefore it should 
be no surprise that most of the 
improvements to suspensions 
even today are first implemented 
in racecars.
4) Braking
It was racecars, which pioneered 
the use of the much common 
disc brakes. It was intended as a 
replacement for drum brakes. It 
could be cooled much more easily 
and was generally much more 
effective. Ceramic and carbon-fi-
ber disc brakes used in F1 is now 
slowly making its way into regular 
cars.
5) Materials
Racecars are light. This is because 
they use light-weight materials in 
their construction. All aluminium 
construction is now being used in 
road cars like Jaguars and Mercs. 
Carbon-fiber construction has 
made way to high-end sports cars 
and if the past is any indication 
will make way to ordinary cars in 
the next decade.

 6) Safety
Because racecars work in the 
extremes, they are most prone to 
dangerous environments, bring-
ing up the necessity for excellent 
safety features. The roll cage was 
inspired by racecars, but stays 
invisible in road cars due to body-
work. The seat belt, heck even the 
rear-view mirror was inspired by 
racing machines.

And because racecar manufactur-
ers and their association in general 
tend to reflect on the needs of the 
times, popular racing series’ such 
as Formula 1 ( or F1 in short) are 
increasingly concentrating on 
reducing the carbon footprint. 
This is where regenerative braking 
systems come into play. Accord-
ing to popular online knowledge 
portal Wikipedia, a regenerative 
braking system is one in which 
an energy recovery system slows 
down the vehicle and converts that 
energy into useful energy, that can 
be stored or used 

Immediately. This is in stark con-
trast to ordinary cars in which the 
same energy is lost as heat. This 
has been done for years in some 
form or another in trains ad some 
other forms of transportation.

REGENERATIVE BRAKING 
SYSTEMS
Regenerative braking is used in 
vehicles that make use of electric 
motors, primarily fully electric ve-
hicles and hybrid electric vehicles. 
One of the more interesting prop-
erties of an electric motor is that, 
when it’s run in one direction, it 
converts electrical energy into me-
chanical energy that can be used 
to perform work (such as turning 
the wheels of a car), but when the 
motor is run in the opposite direc-
tion, a properly designed motor 
becomes an electric generator, 
converting mechanical energy into 
electrical energy. These systems 
make use of the momentum of a 
vehicle to gain energy.
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“ Regenerative braking stores the 
maximum possible kinetic energy 

as electrical energy in a battery 
and uses it in engine working to 

increase overall efficiency. ”

Momentum helps a car that has 
achieved a definite speed to con-
tinue moving. This momentum is 
used to turn the electrical motors 
in the other direction, which when 
properly designed generates elec-
trical energy, which can be stored 
in a battery system and later can 
be used to accelerate the vehicle. 
This requires sophisticated mech-
anisms and electronic circuitry 
to control. It is also possible that 
a series of capacitors are used 
instead of usual battery systems 
to store the energy. Also because 
these cars have the normal brakes, 
there must be a mechanism which 
decides what mechanism is to be 
used and at what time. Therefore, 
hybrid and electric cars, which 
are being hailed as the immediate 
future of personal transportation, 
make use of electronic devices that 
decide almost all aspects of brak-
ing. A system called brake-by-wire 
technology has also been devel-
oped that removes almost

all the mechanical systems in-
volved in braking and uses a pure-
ly electrical system in cars.
Regenerative braking is imple-
mented in conjunction with an-
ti-lock braking systems (ABS), so 
the regenerative braking controller 
is similar to an ABS controller, 
which monitors the rotational 
speed of the wheels and the differ-
ence in that speed from one wheel 
to another. 

In vehicles that use these kinds of 
brakes, the brake controller not 
only monitors the speed of the 

wheels, but it can calculate how 
much torque -- rotational force -- 
is available to generate electricity 
to be fed back into the batteries. 
During the braking operation, 
the brake controller directs the 
electricity produced by the motor 
into the batteries or capacitors. 
It makes sure that an optimal 
amount of power is received by 
the batteries, and also ensures that 
the inflow of electricity isn’t
more than what the batteries can’t 
handle.
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The most important function of 
the brake controller, however, may 
be deciding whether the motor is 
currently capable of handling the 
force necessary for stopping the 
car. If it isn’t, the brake controller 
turns the job over to the friction 
brakes, averting possible catastro-
phe. In vehicles that use these 
types of brakes, as much as any 
other piece of electronics on board 
a hybrid or electric car, the brake 
controller makes the entire regen-
erative braking process possible.

The general efficiency of a conven-
tional car is about 20%, and the 
rest is lost as heat through friction. 
However a hybrid system is able to 
retrieve almost half of that energy 
which is lost.

INTRODUCTION OF KINETIC      
ENERGY RECOVERY SYSTEMS IN 
F1

That brings us back to the part 
where F1 authorities kept think-
ing about giving back to nature. 
Their first attempts were to reduce 
the displacements of F1 cars. This 
attempt has been made multiple 
times since the inception of the 
sport. In the beginning, non-su-
percharged 4.5-litre engine cars 
were allowed to race against 
supercharged, 1.5-liter engine 
cars. This was the time when Enzo 
Ferrari used to race in Formula 
1 as a driver for the Italian state 
owned Alfa Romeo. They used 
1.5 litre engines. Those cars had 
terrible fuel efficiency, and need-
ed to carry large amounts of fuel. 
This was disadvantageous as the 
cars became heavier and much less 
safer. Understanding this Ferrari 
later created his engines as 4.5-li-
tre naturally aspirated engines 
with much better fuel-efficiency 
and dominated the F1 circuit for 
many years.

His insistence on front-engine 
cars (He is said to have stated 
that ‘ horses pull than push the 
car’) later led to the team being 
dominated by rear-engine British 
teams such as McLaren. In 1960, 
an attempt was made to down-
grade the displacement of the cars 
to 1.5-litres. This was rolled back 
5 years later. The displacements 
of F1 cars have since varied and 
are now designated to be 1.6-litres 
from the 2014 season onwards.

The development of NASCAR, 
which had an increasing number 
of close races and photofinishers, 
put F1 under increasing pressure 
to infuse more into the sport to in-
crease the financial revenues and 
win back crowds. It was in such 
a situation that F1 announced 
the advent of the Kinetic Energy 
Recovery Systems (KERS) in the 
2009 F1 season. It was not com-
pulsory in 2009, but the readi-
ness of F1 authorities to build, 
demo and share the technology 

 with the teams saw results as most 
of the major teams built their own 
units or outsourced one. It was 
abandoned the next season, but 
returned in the 2011 season with 
more teams supporting it. This 
would effectively make a F1 car a 
hybrid. 

However, the KERS doesn’t use 
the regenerative braking systems 
as used in hybrid cars. KERS is a 
form of regenerative braking but 
the implementation of it is differ-
ent from that of normal hybrid 
cars like the Honda Civic Hybrid 
that used to be on sale in India or 
even the Toyota Prius.

The regenerative brakes in a 
hybrid vehicle are an integral part 
of the electrical system of the car 
- the power created by the motor/
generator during braking is sent to 
the battery pack of the vehicle for 
use along with the power already 
stored, and is applied to normal 
operation of the hybrid 
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 drivetrain.

KERS is an independent regener-
ative braking system. The motor/
generator is attached to a CVT 
transmission module that is at-
tached to the output of the trans-
mission or the differential. During 
braking, the energy produced is 
stored in a small battery pack or a 
flywheel (hydraulic storage can be 
used, as well), and that power can 
be used to augment the normal 
output of the engine for a short 
amount of time - it doesn’t propel 
the vehicle solely on electricity. 

Conservation of natural resources 
has become a necessity in to-
day’s world, especially in the new 
technology. In the automotive 
industry, maximum energy is lost 
during deceleration or braking. 
This problem has been resolved 
with the introduction of regen-
erative braking. It is an approach 
to recover or restore the energy 
lost while braking. Kinetic Energy 
Recovery Systems (KERS) is a type 
of regenerative braking system, 
which has different approaches to 
store and reuse the lost energy.

KINETIC ENERGY                          
RECOVERY SYSTEMS, TYPES AND 
WORKING

There are a number of different 
KERS systems available. They are 
classified on the basis of the type 
of energy storage mechanisms 
used. They are
•	 Electric	KERS
•	 Mechanical	KERS
•	 Hydraulic	KERS
•	 Hydraulic-Electric	KERS

Mechanical KERS systems 

A mechanical system utilizes a 
rotating mass or body to store the 
energy. This body is easily called a 
flywheel and therefore this mech-
anism is also called a flywheel 
mechanism. The transfer of energy 
in this type of a system is effective-
ly momentum transfer. The energy 
of the car is transferred to the 
flywheel, the speed of the car itself 
reduces (which is braking) and the 
speed of the flywheel increases. 
Once the section of the track has 
been overcome, the flywheel is at 
a higher speed than the car and 
the two are reconnected to gain 
speed by reverse transfer of energy 
from the flywheel. Flywheel based 
mechanical systems are not all that 
new and have been developed by 
Leyland trucks and some technical 
universities.

However, a flywheel-based sys-
tem has serious shortcomings, 
especially when used in a racecar. 
There must be a system in place to 
check the uncontrolled

motion of the body or the flywheel 
itself. This system takes up a lot of 
space and is a serious limitation in 
F1 cars where space is controlled 
by tight regulations set up by the 
administration. This system also 
adds a lot of weight to the car and 
this was one of the reasons why 
Williams F1, decided to pull out 
from using it in their F1 cars later 
an initial development process. 
However research in this regard 
is still carrying on and companies 
like Volvo, Jaguar-Land Rover 
have been actively advocating 
these types of systems and Volvo 
is in the process of building cars 
with these systems built-in.

Electrical Storage Systems

An electrical KERS system is the 
option that is more popular with 
the F1 teams because they are light 
and easy to control while taking 
up the least possible space. This is 
the system which is most similar 
to regular hybrid cars. The energy 
obtained from braking is stored 
in a battery system and is brought 
back to the wheels on –demand 
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from the driver. Use of KERS is 
limited to once per lap in F1.

Electrical KERS systems also re-
quire the use of complex circuitry, 
especially in F1 where time is of 
considerable importance. Most 
F1 teams use the electrical system 
developed by an Italian company 
– Magnetti Marelli. The system 
itself is fairly conventional, using a 
single 60 KW liquid cooled brush-
less direct current (BLDC) motor 
/ generator unit, which operates 
at around 120 degrees celsius. The 
motor is attached to the front of 
the 2.4-liter V8 and driven by a 
reduction gear off the crankshaft.

Also included in the system is a 
KERS control unit, separate from 
the Microsoft supplied FIA engine 
control unit, with a similar operat-
ing temperature to the motor. This 
is mounted low in the side pod 
for cooling. The battery pack is 
mounted at the bottom of the fuel 
cell and in the case of Ferrari is 
supplied by French Li-ion battery 
maker Saft.

Hydraulic KERS systems

These are very costly energy 
storage systems, which make use 
of hydraulic pump/motor and a 
hydro-pneumatic pump to store 
and supply energy. These types 
of systems have been in active 
research for about the last 20 or 
25 years, especially for use in city 
buses. Even though the efficiency 
that can be obtained by the use of 
hydraulic systems is better than 
almost every other regenerative 
braking system, it is significantly 
more costly, usually costing about 
10-15% of the vehicle itself, and 
therefore they are not much in 
use.

Electro-hydraulic systems

The use of hydraulic accumulator 
in a hydraulic system has implica-
tions on the size of the system. As 
the system couldn’t get any larger, 
the electric-hydraulic system was 
introduced. This combines a high 
power hydraulic accumulator with 
a high capacity electrical battery. 
The weight of such a system is 
much less than that of a purely hy-
draulic energy storage system, or 
a purely capacitive energy storage 
sysem

SCOPE FOR IMPROVEMENT IN 
KERS

Efficiency in storage technologies 
can be defined as the amount of 
energy stored by the system to the 
amount of energy given out or 
utilized for other use. Super-ca-
pacitors have maximum efficiency 
with hydraulic storage devices 
not being too far from it which is 
followed by the presently in use 
mechanical KERS (i.e. flywheel). 
Batteries have the least efficiency 
because their discharge rate is 
faster as compared to the rate at 
which they charge. Even though 
super-capacitors have high effi-
ciency, they cannot be used in 
KERS yet because at constant 
speed, super-capacitors cannot 
capture the kinetic energy lost 
while braking.

The scope of KERS in improv-
ing the efficiencies of cars is very 
important. The usage of super-ca-
pacitors in cars as storage for 
regenerative brake energy have 
the potential to increase efficiency 
by 40%. The mechanical flywheel 
based system has a potential of 
increasing efficiency by 27%, elec-
trical system by 15% and hydraulic 
systems by 18%. Batteries are least 
efficient because they lose energy 
by discharging very fast and have 

“ Volvo has      
developed 

and demoed          
Mechanical KERS 

system, that 
can improve            
efficiency by 

25%”

lower lifecycles and are harmful to 
the environment. Their operation 
in extreme temperatures is also 
severely limited.

THE FUTURE OF KERS IN ROAD 
CARS

In March of 2013, Ferrari unveiled 
the LaFerrari (which translates to 
‘The Ferrari’). LaFerrari is meant 
to showcase the bleeding edge of 
Ferrari’s engineering capabilities- 
to push new limits in speed (and 
price!) and to carry forward to the 
environment conscious genera-
tion. Apart from the usual array 
of mind-blowing and unworldly 
performance figures (which don’t 
matter because Rishi Raj Singh 
and his friends are always around 
the corners), Ferrari also revealed 
that this car would actually use 
their HY-KERS, from their For-
mula 1 cars. McLaren is also 
attempting something similar in 
their sports cars for the road. 

Ferrari has been able to ooze out 
more efficiency and power out of 
their use of KERS in LaFerrari. 
KERS contributes about 160bhp to 
the 950bhp engine behemoth. The 
claimed increase in efficiency is 
about 25%. This makes it in effect 
Ferrari’s first hybrid car. But it isn’t 
just Ferrari that is bringing KERS 33  MECHAZINE



“ Laferrari and McLaren P1 are      
production ready supercars that 

make use of KERS to aid power 
and efficiency. ”

 to the road.

The concept of a mechanical based 
KERS system has fascinated the 
minds of the excellent engineers at 
Volvo, and they are trying to bring 
it to their road cars. They showed 
a drivable prototype of their car 
at their development facility in 
Gothenberg, Sweden. 

The flywheel-based system used 
by Volvo is a mass of carbon-fi-
ber shell covering an aluminium 
core that is precisely weighed and 
balanced. This mass is designed in 
such a way that it doesn’t distort 
under the very high rotational 
speeds of up to 60000rpm.
Because this arrangement could 
generate a lot of heat the arrange-
ment sits in a vacuum-sealed 
container, with the aid of high 
precision bearings. There is a lot 
less heat generated due to friction 
in this system. This car can be 
driven in an economy mode and 
also a power mode. The economy 
mode reportedly adds about 25% 
efficiency, while the power mode 
adds about 80 more horses to the 
car.

WHAT DOES ALL THIS MEAN?

The future of road cars can be seen in today’s racecars. There is no 
doubt as to the influence of the environment factor in the governing of 
motorsport in general. Racing vehicles will soon turn to low capacity, 
turbocharged engines (in the case of F1, a return). Efficiency will be a 
paramount factor. Alternate fuel races like Formula E (which uses elec-
tric cars) have sprung up across the globe, not to mention the competi-
tions involv       
ing self-driving cars. Hybrid cars and regenerative braking systems have 
set the trend worldwide and are looking to racecars for validation. Ef-
fectively when almost all of today’s automobile technology and designs 
have come from racing, it isn’t hard to foresee that today’s racecars will 
be the ones you will drive tomorrow.

MECHAZINE  34



WELDING OF 
DISSIMILAR 

METALS 

Midhun B
S6 ME
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Three years back if you were asked to weld aluminum 
and steel together it would have been an impossible 
task. Although some engineers have had success in 
spot welding steel and aluminum together, it has 
largely been considered impossible to achieve re-
liable, continuous welds directly between the two 
dissimilar metals. Steel and aluminum are two very 
different metals, and getting them to bind together in 
a stable, continuous weld has been next to impossible 
on any kind of large scale. But now the scenario has 
totally changed with Honda Motor Vehicles an-
nouncing that they have devised a new technique to 
do the very same. 
The solution has come via a variation on Friction Stir 
Welding, and will allow car makers to join the ma-
terials via mechanical pressure — leading to better 
performance.

“This has allowed engineers 
to change the structure of 
the sub frame, changing 
the mounting point for the 
suspension which made the 
mounting point 20 percent 
more rigid, improving the 
car’s dynamic performance”

This technology generates a new and stable metallic 
bonding between steel and aluminum by moving a 
rotating tool on the top of the aluminum which is 
lapped over the steel with high pressure.
The welds created are reported to be as strong or 
stronger than those made through traditional metal 
inert gas welding (MIG welding). The process has 
allowed engineers to change the structure of the sub 
frame, changing the mounting point for the suspen-
sion. This has made the mounting point 20 percent 
more rigid, improving the car’s dynamic perfor-
mance.
A strong frame with better performance is obviously 
a good thing in a car. What we get in bonus with this 
better performance is lightness. The combination 
steel and aluminum sub frames are said to be 25 
percent lighter than ordinary steel frames, and that 
means better fuel economy which in these days is 
considered an important aspect of any car. 

The savings also apply at the factory. The friction 
weld uses around half the electricity as Metal Inert 
Gas welding and the smaller machinery allows it to 
be attached to industrial robots. Plus the technique 
works for aluminum-to-aluminum welding that 
means once the hardware is installed it can be amor-
tized by multiple uses.

To avoid the attack to corrosion that normally occurs 
when dissimilar metals are welded together there is a 
bead of sealant applied between the two metals prior 
to welding. Since the steel used is galvanic steel there 
is a chance of galvanic corrosion at the surface of the 
weld. To prevent this, a sacrificial anode coating can 
be provided. There is no chance of galvanic corrosion 
inside the weld because the electrolyte has nowhere 
to go.
Then about the safety factor. Honda is very partcu-
lar about the safety and they are deploying a new, 
non-destructive infrared camera and laser inspection 
system that will be used to check all the welds.
It seems like the new innovation ticks all the boxes — 
performance, economy and safety. The new technol-
ogy is being employed in new Honda Accord which 
was released last year.
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PREPARED BY,
ABHILASH ANTONY

S6-ME

ACROSS

1.MLEKNOUS (8)

2.Motor developed by ETH Zurich’s Department 
which can spin in excess of 1 million revolutions per 
minute. (8)
3.Manufacturing process used to remove rust from 
metal sheets (8)
4.Gear mechanism used rear wheels for effective 
turning.(12)
5.Science that imitates nature to create new inven-
tions. (10)
6.Identify the jet engine type (8).

7.Device used in Airbus A380.

DOWN

1.Method used to land aircrafts in aircraft carriers. 
(8,4)
2.Technology used in UNO bikes. (4)

3.Figure (9)

4.GSLV Engine (9)
5.Steam power plant cycle. (7)
6.Refraction angle. (8)

DOWN

1.Method used to land aircrafts in aircraft carriers. 
(8,4)
2.Technology used in UNO bikes. (4)

3.Figure (9)

4.GSLV Engine (9)
5.Steam power plant cycle. (7)
6.Refraction angle. (8)

37  MECHAZINE



ACROSS
1.ELONMUSK
2.CELETRON
3.BLASTING
4.DIFFERENTIAL
5.BIOMIMICRY
6.TURBOFAN
7.ASPIRATOR
DOWN
1.ARRESTOR GEAR
2.GYRO
3.MANOMETER
4.CRUOGENIC
5.RANKINE
6.BREWSTER
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FUTURE 
PROSPECTS 
FOR GRADUATE 
MECHANICAL 
ENGINEERS

Mechanical engineering  is a disci-
pline of engineering that applies the 
principles of engineering, physics and 
materials science for analysis, design, 
manufacturing, and maintenance of 
mechanical systems. It is the branch of 
engineering that involves the produc-
tion and usage of heat and mechanical 
power for the design, production, 
and operation of machines and tools. 
Since mechanical engineering is the 
broadest of all engineering fields, 
the job prospects on offer for skilled 
mechanical engineers are a plenty.  The 
basic problem of freshers is that he or 
she is not aware of the vast opportu-
nities in their field. I would like to use 
this chance to give a broad idea about 
opportunities and challenges that we 
Mechanical Engineers are going to face 
in the industry. 
JOB DESCRIPTION
Mechanical engineers provide effi-
cient solutions to the development of 
processes and products, ranging from 

small component designs to extreme-
ly large plant, machinery or vehicles. 
They can work on all stages of a prod-
uct, from research and development 
to design and manufacture, through to 
installation and final commissioning. 
There are employment opportunities 
available in a wide range of sectors, 
such as the manufacturing, power, 
construction and medical industries.
Mechanical engineers can also be 
involved in the management of people 
and resources, as well as the develop-
ment and use of new materials and 
technologies. Mechanical engineers 
work on a project f om the initial brief, 
through the design and development 
stage, to the testing of one or more 
prototypes, right through to final man-
ufacture and implementation. Projects 
can vary significantly, from research-
ing and developing medical products 
(such as mechanical hearts) to improv-
ing production processes in large oil 
refineries or designing services within 

Rahul Raj K
S6 ME
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WHERE?
Major industries that employ mechanical engineers 
include automobiles, space research, aeronautical, 
energy and utilities, air conditioning, bio-mechanical 
industry. 
Other major employers include giant manufacturing 
plants, air conditioning and refrigeration industry, 
turbine manufacturing plants, oil and gas exploration 
and refining industries and the agricultural sector. 
In the government sector, mechanical engineers can 
provide their knowledge to various government run 
projects in the role of technical experts and consul-
tants. 
These engineers can also hold high managerial 
positions in government as well as private sector 
organisations according to their field of expertise and 
educational qualifications.

Roles:
Mechanical engineering is considered the ‘mother’ of 
all branches of engineering. In this context the roles 
and responsibilities held by a mechanical engineer 
are different and depend on their area of specialisa-
tion and the industry they are working for.
In broad terms, the job profile of mechanical engi-
neers can be classified into the following functional 
segments:
• Research and Development (R&D): Engineers 
whose role is to do research and then plan for new 
machines and their constituent parts.
• Design: Professionals whose responsibility is to 
draft technical drawings, manually or with the aid of 

computers.
• Production: Engineers who supervise the manufac-
turing of mechanical components and machines.
• Analysis and testing: Engineers who analyse and 
test different types of machines and their parts to 
ensure that they function flawlessly.
• Installation: Professionals who install machines and 
mechanical parts at the client location.
• Maintenance: Engineers whose primary role is to 
ensure that machinery is working as per specifica-
tions.

Top Companies who need us
1.  Automobile and auto part manufacturers
2.  Aerospace industry
3.  Various Government sector undertakings
4.  Aviation companies
5.  Steel plants
6.  Thermal plants and gas turbine manufacturers
7.  Air conditioning and refrigeration industry
8.  Shipping industry
9.  Engineering consultancies
10. Armed forces

Public Sector Undertakings (PSU) 
The candidates can write various government en-
trance examinations after completing B.Tech in Me-
chanical engineering, which are conducted by State 
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industry. 
Other major employers include giant manufacturing 
plants, air conditioning and refrigeration industry, 
turbine manufacturing plants, oil and gas exploration 
and refining industries and the agricultural sector. 
In the government sector, mechanical engineers can 
provide their knowledge to various government run 
projects in the role of technical experts and consul-
tants. 
These engineers can also hold high managerial 
positions in government as well as private sector 
organisations according to their field of expertise and 
educational qualifications.

Roles:
Mechanical engineering is considered the ‘mother’ of 
all branches of engineering. In this context the roles 
and responsibilities held by a mechanical engineer 
are different and depend on their area of specialisa-
tion and the industry they are working for.
In broad terms, the job profile of mechanical engi-
neers can be classified into the following functional 
segments:
• Research and Development (R&D): Engineers 
whose role is to do research and then plan for new 
machines and their constituent parts.
• Design: Professionals whose responsibility is to 
draft technical drawings, manually or with the aid of 
computers.
• Production: Engineers who supervise the manufac-

turing of mechanical components and machines.
• Analysis and testing: Engineers who analyse and 
test different types of machines and their parts to 
ensure that they function flawlessly.
• Installation: Professionals who install machines and 
mechanical parts at the client location.
• Maintenance: Engineers whose primary role is to 
ensure that machinery is working as per specifica-
tions.

Top Companies who need us
1.  Automobile and auto part manufacturers
2.  Aerospace industry
3.  Various Government sector undertakings
4.  Aviation companies
5.  Steel plants
6.  Thermal plants and gas turbine manufacturers
7.  Air conditioning and refrigeration industry
8.  Shipping industry
9.  Engineering consultancies
10. Armed forces

Public Sector Undertakings (PSU) 
The candidates can write various government en-
trance examinations after completing B.Tech in Me-
chanical engineering, which are conducted by State 
PSCs, SSC, UPSC, Postal departments, Railway de-
partments, etc. The professionals can even apply for 
various public sector bank officers’ examination. The 
aspirants can even write exams of Indian Air Force, 
defence sector, etc. Another option for the profes-
sionals is to take up jobs in various government uni-
versities and colleges. As a fresher, the professionals 
can join as Junior Engineers. Gradually they can go 
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Now what about a post-graduation?
Before coming to the point, for many students who 
are pursuing there under graduation in engineer-
ing the next thing they would like to think upon is 
whether to go for a management course or carry for-
ward the technical qualification with an M.Tech. It is 
common knowledge that both the options offer good 
career opportunities with good growth prospects but 
the decision of what to study is never an easy one. 
The same is based on the goals/aspirations of the 
candidates in the question.

Continue in technical field…
Post-graduation after a degree in Mechanical engi-
neering is a better option than entering into an in-
dustry just after your degree. The area where we can 
do a post-graduation is very wide including a mas-
ter’s degree in management. Those who are willing to 
continue in the field of science and technology can 
opt for M.tech, M.E or M.S after a B.tech or B.E.
Some of various branch of master’s degree after Me-
chanical graduation are
1. Mechanical engineering
2. Mechanical Design
3. Nanotechnology
4. Micro Electro Mechanical Systems
5. Structural Analysis
6. Kinematics

7. Computer-Aided Design and Manufacturing
8. Production Engineering
9. Turbo machinery and Combustion Systems
10.Mechatronics and Robotics
11.Computational Fluid Dynamics and Acoustics
12.Rapid Prototyping
13.Mechanics
14.Thermodynamics and Thermo-Science

IN INDIA?
The eligibility criterion for pursuing a master’s degree 
in mechanical engineering in INDIA is to hold a 
bachelor’s degree in (B.E/B.Tech) in Mechanical 
Engineering or any other equivalent degree, given by 
any approved university. And for studying in any of 
the primer institute and most of the college in India 
a candidate should appear for Graduate Aptitude 
Test in Engineering (GATE) and should have a good 
score. The score may also be used by Public sector 
undertakings (PSU) for employment screening pur-
poses.
GATE is conducted jointly by the IISc and seven 
Indian Institutes of Technology (IIT Bombay,IIT 
Delhi, IIT Guwahati, IIT Kanpur, IIT Kharagpur, IIT 
Madras and IIT Roorkee) on behalf of the National 
Coordination Board – GATE, Department of Higher 
Education, Ministry of Human Resource Develop-
ment (MHRD), Government of India.

“Both the options offer good 
career opportunities with good 
growth prospects but the decision 
of what to study is never an easy 
one”
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ABROAD?
Graduates who are interested to pursue M.S. must 
take exams like TOEFL/IELTS (English proficien-
cy tests) and GRE to get scholarships. Now a day 
most of the foreign universities are offering graduate 
courses at affordable costs and many banks are pro-
viding loans for doing higher studies.
GRE: The Graduate Record Examination or GRE is a 
standardized test that is an admissions requirement 
for many graduate schools in English speaking coun-
tries. It is created and administered by the Educa-
tional Testing Service. The percentile scored in this 
exam will decide your future in doing M.S in foreign 
nations. The GRE revised General Test measures ver-
bal reasoning, quantitative reasoning, critical think-
ing and analytical writing skills.
TOEFL: The Test of English as a Foreign Language 
evaluates the potential success of an individual to 
use and understand Standard American English at a 
college level. It is required for non-native applicants 
at many English-speaking colleges and universities. 
A TOEFL score is valid for two years and then is 
deleted from the official database. 
IELTS: The University of Cambridge Local Exam-
inations Syndicate (UCLES), the British Council and 
IDP Education Australia jointly manage internation-
al English Language Testing System, is designed to 
assess the language ability of candidates who want to 
study or work where English is the language of com-
munication. The IELTS tests candidates in Writing, 
Reading, Listening and speaking sections. IELTS is 
recognized by over 6,000 organizations worldwide, 
including universities, employers, professional bod-
ies, immigration authorities and other government 
agencies.

Are you interested in a post-graduation in 
management?
An degree in Management is primarily for honour-
ing up the management skills which is needed to 
prepare for generalist roles in various Non-technical 
industries offering new opportunities for an other-
wise technical person. MBA opens up avenues like 
consultancy, finance, banking etc… which are not 
driven technologically. The main advantage that the 
student feels in choosing a course in management is 
that there are wide number of career opportunities 
as compared that of going for an M.Tech. It is also 
known that the difficulty levels and rigours (strict-
ness) are lesser with MBA degrees as compared 
to that of M.Tech. The number of openings in any 
industry for an MBA grad is more than the career 
openings for an M.Tech grad, because in a 

IIM Kozhikode Campus
Technical industry the companies would like to pre-
fer an experienced candidate rather than going for an 
fresher. If you look into the factor of the perks that is 
paid to an MBA grad. The same is on the basis of the 
B.School the student is pursuing His course, where 
the course curriculum is totally different in the elite 
institutions like IIM’s, IIT’s etc.
 The next a student can go for after completing an 
MBA is either they can go for an PhD or any Certif-
icate course according to the Interest of the candi-
date. If you look at the specialization chosen by the 
candidates choosing MBA as a further option they 
will go for Operations plus Marketing or Operations 
plus Systems or Operations plus Finance….very rare 
students go for Finance plus Marketing. The special-
izations are dual.
However, if one is more interested in working in the 
management aspect of companies rather than engi-
neering line, one should go for the MBA degree. The 
focus today is on acquiring multiple skills and cross 
functionality rather than specializations. MBA will 
enable to work from the management front where 
they can manage the resources for the benefits of 
various aspects of the business. A B. Tech from an 
IIT with an MBA from an IIM is the dream combina-
tion as widely approved. And it need not be a B. Tech 
from an IIT too; any student passing out from IIMs 
can get up to 15-20 lakhs per month. In addition, one 
takes an MBA after M. Tech too, but it is the getting 
into top B-Schools that matter. CAT conducted by 
the IIMs (Indian Institute of Managements) is con-
sidered as the world’s toughest exam even though 
the syllabus is just the portions up to standard 10 in 
school. Some of the B Schools are conducting their 
own entrance examination and some are conducting 
common entrance like MAT.

Entrance exams: 
CAT – Common Admission Test: The Indian In-
stitutes of Management will conduct Common 
Admission Test for admission into PG programs in 
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management in all IIMs. The exam is designed with 
65 questions in two sections: Quantitative Ability & 
Data Interpretation and Verbal Ability and Logical 
Reasoning

MAT: All India Management Association (AIMA) 
conducts Management Aptitude Test (MAT) for 
admission to MBA and Allied Programs of over 414 
Business schools. Test consists of 200 questions on 
Language Comprehension, Mathematical Skills, Data 
Analysis and Sufficiency, Intelligence and Critical 
Reasoning and Indian and Global Environment

XAT: XLRI conducts XAT at all-India level to se-
lect the most appropriate students for management 
education from all corners of the country. There are 
around 60 management institutes which use XAT 
admission process. Some of these institutes are - 
Affinity Business School, Alliance Business Academy, 
EMPI Business School, Indian Institute of Finance, 
Jagran Institute of Communication and Management 
(JICM), SP Jain Institute of Management etc. it tests 
Quantitative Ability, English Language Ability & 
Logical Reasoning and Decision Making, General 
Awareness.
AICTE’s CMAT: CMAT is a computer-based test 
(CBT) which will be conducted twice a year. Each 
Candidate is eligible to appear in both the 
exams and the better of two scores will 
be used for the admission for each aca-
demic year. There will be four sections 
with 25 questions in each section. The 
sections are (a) Quantitative Techniques 
& Data Interpretation b) Logical Rea-
soning c) Language Comprehension 
and d) General Awareness. All AICTE 
approved Institutes / Departments of 
Universities are expected to accept 
CMAT scores. CMAT score will 
also be considered 
for admissions to all AICTE 
approved pro-
grams.

ATMA: AIMS Test for Management Admissions is 
entrance test for admission to different post-graduate 
management programmes. 426 institutes in India 
accept ATMA score for their admissions. The test 
consists of 180 questions on Analytical Reasoning 
Skills, Verbal Skills, Quantitative Skills, Verbal Skills, 
Analytical Reasoning Skills and Quantitative Skills. 

ICET: It is Integrated Common Entrance Test (ICET) 
for admission into M.B.A. and M.C.A. courses of all 
Universities in Andhra Pradesh and their affiliated 
colleges. It is conducted by any one of the universities 
on behalf of APSCHE. Test consists of 200 questions 
on Analytical, Mathematical and Communication 
Abilities. 

TO NIT....
All National Institute of Technology (NIT) provide 
MBA, but only for Engineering graduates. Admission 
to NIT for MBA is strictly on basis of CAT entrance 
exam.

45  MECHAZINE



MECHAZINE  46

burnout
a3k ‘12



3D PRINTING-
A REVOLUTION
3D printing is a process of making 

a three-dimensional solid object 
of virtually any shape from a digital 
model. 3D printing is achieved using 
an additive process, where succes-
sive layers of material are laid down 
in different shapes. A 3D printer is a 
limited type of industrial robot that 
is capable of carrying out an additive 
process under computer control. The 
3D printing technology is used for 
both prototyping and distributed man-
ufacturing with applications in archi-
tecture, construction (AEC), industrial 
design, automotive, aerospace, mili-
tary, engineering, civil engineering, 
dental and medical industries, biotech 
(human tissue replacement), fashion, 
footwear, jewellery, eyewear, educa-
tion, geographic information systems, 
food, and many other fields.
How does it work?

Three-dimensional printers typically 
use rolls of acrylic, ABS or metal as 
the raw material which is then fed 
into the machine. Guided by comput-
er-assisted design software (CAD), the 
printers melt down that raw material 
and repurpose it into solid objects 
by depositing droplets one layer at a 
time. That material is then melded into 
shape using a precision laser, following 
the specifications set out in the CAD 
drawing. As these layers -- which can 
be microscopically thin -- add up, the 
3D object slowly takes shape. When 
they were first invented 30 years ago, 
the original models of these machines 
were large, expensive and could only 
be operated by experts. But several 
companies are now producing hob-
byist-sized versions that can be pur-
chased for around $1,000 dollars and 
used at home by “makers.”

NITHIN B THOMAS
S6-ME
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Though the printer-produced resolution is sufficient 
for many applications, printing a slightly oversized 
version of the desired object in standard resolution 
and then removing material with a higher-resolu-
tion subtractive process can achieve greater preci-
sion. Some additive manufacturing techniques are 
capable of using multiple materials in the course of 
constructing parts. Some are able to print in multiple 
colours and colour combinations simultaneously. 
Some also utilize supports when building. Supports 
are removable or dissolvable upon completion of the 
print, and are used to support overhanging features 
during construction. 

How they adhere together?
3D Printing: a  manufacturing process for rapid and 
flexible production of prototype parts and tooling, 
layer by layer,  directly from a CAD model. It can 
create parts of any geometry,  including  undercuts,  
overhangs, and internal volumes. A thin distribu-
tion of powder is spread over the surface of a  pow-
der bed and the computer calculates the informa-
tion for the layers. A binder material joins particles 
where the object is  to be formed. A      piston then 
lowers so that the next powder layer can  be spread 
and  selectively   joined, this  process  is repeated  
until the part is completed.
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How can it make a revolution?

3D Food Printing Now A Reality:
Recent development in the field of 3D printing has 
come forward with the new 3D printers that can 
actually print food. The Chef Jet Pro, the first com-
mercial, kitchen-ready food printer. It looks like 
an oven, and deposits sugar layer by layer in a tray, 
then melts the parts intended for the sculpture with 
water so they solidify much like sugar in a bowl will 
harden with moisture. Ink can be selectively add-
ed to the water so the sculptures come out in full 
colour,a feature sure to set the minds of wedding 
and party planners spinning. Next to the geometric 
sculptures was a wedding cake supported by a deli-
cate lattice-work tower of sugar that would be nearly 
impossible to make by conventional means.
NASA has awarded a Small Business Innovation 
Research (SBIR) Phase I contract to Systems and 
Materials Research Consultancy of Austin, Texas to 
study the feasibility of using additive manufactur-
ing, better known as 3D printing, for making food 
in space. Systems and Materials Research Consul-
tancy will conduct a study for the development of 
a 3D printed food system for long duration space 
missions. Phase I SBIR proposals are very early stage 
concepts that may or may not mature into actual 
systems. This food printing technology may result 
in a phase II study, which still will be several years 
from being tested on an actual space flight.

3D printing in fashion technology:
Hats, headpieces, dresses, shoes and even accompa-
nying bling are being made using the 3D printers. 
The use of 3D printers in textile industry will 
revolutionise the production process. The printers 
work by building tiny layers of materials such as 
plastic or metal, and in some cases even yarn, on top 
of each other. 3D printing allows to digitally form 
design to the body. It’s possible to create a full outfit 
through 3D printing. ‘The technology is advancing 
at such a rapid pace. It costs around £1,650 Cubify 
CubeX printer but soon its believed that the costs 
are coming down and, if your shoes go out of fash-
ion, you can simply recycle them and make a new 
pair.

3D Printer to Replicate Human Bones:
With the help of their latest invention in science - a 
3D printer, researchers managed to create the exact 
copy of a man’s thumb bones. The device can now be 
used to help surgeons restore damaged bones by cre-
ating their precise copies, which are made from the 

patient’s cells. According to Christian Weinand of the 
Insel Hospital in Berne, Switzerland, who leads the 
team of scientists that replicated his thumb bone, the-
oretically it is possible to copy any bone. The scientist 
“grew” his substitute bones on the backs of laboratory 
mice. However, it is not always necessary to use a 
surrogate mouse. This is the case when a person, who 
lost a thumb, is able to replace it with his or her own 
toe. Currently surgeons are able to replace a thumb 
with the patient’s toe or by using bone fragments.

Above: A 3D Printer
Below: Models created using 3D Printer
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“The technology is 
advancing at such a 
rapid pace, it costs 
around £1,650 
Cubify CubeX printer 
but soon its believed 
that the costs are com-
ing down and, if your 
shoes go out of fash-
ion, you can simply 
recycle them and make 
a new pair”

Build a house in 24 hours with new 3D printer:
Scientists claim to have developed a revolution-
ary new giant 3D concrete printer that can build a 
2,500-square-foot house in just 24 hours.The 3D 
printer developed by Professor Behrokh Khoshnevis 
from the University of Southern California 
could be used to build a whole house, layer by layer, 
in a single day. Using this process, a single house 
or a colony of houses, each  with possibly a differ-

ent design, may be  a utomatically constructed in a 
single run, embedded in each house all the conduits 
for electrical, plumbing and air-conditioning. The 
potential applications of this technology are far 
reaching including in emergency, low-income, and 
commercial housing. The technology may poten-
tially reduce energy use and emissions by using a 
rapid-prototype or 3-D printing process to fabricate 
large components.
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GeNShock
One of the invention in the field mechanical engineer-

ing is developing a system called GenShock, which 
represents a shock absorber that has the ability to partially 
power a vehicle driving through pothole-plagued locations. 
The device can also smooth the ride.
It’s only a matter of time before cars’ suspensions become 
a part of the electric power-regeneration process. Levant 
Power(a US based company) has been developing Gen-
Shock technology, the first active suspension system with the 
ability to recapture energy, and ZF Friedrichshafen AG has 
entered a partnership with the Massachusetts-based compa-
ny to build it.

Genshock  is the first active suspension system that gener-
ates energy from bumps in the road. Each shock absorber 
houses a compact electric motor, electronic control unit, 
and electrohydraulic gear pump. When a car drives over a 
rough surface, the moving shock absorbers generate elec-
tricity that helps power the car’s electrical systems. Gen-
shock, has another advantage: It can lift individual wheels 
off the ground, allowing for jack-less tire changes. 
The principle behind the system is to recoup lost energy 
from the motions of the suspension and then feed that 
power back into the car’s electrical system.

ALEN K TOMY
S4- ME
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 While a vehicle travels through a rough 
surface, it undergoes vertical displacement, 
which is unpleasant for passengers and also 
it can degrade vehicle over time. In modern 
vehicles, set of springs and shock absorbers 
known as a suspension system serves to 
minimize these unwanted effects. Spring 
absorbs kinetic energy involved in vertical 
motion of the tire while the shock absorb-
er acts as a damper on the spring. Typical 
shock absorbers convert spring energy into 
thermal energy, releasing wasted heat into 
the environment.
The system from ZF and Levant uses active 
dampers that change the pressure inside 
the shock based on the type of road surface, 
and a new valve mounted outside the shock, 
along with a control unit, gear pump, and 
electric motor, controls the flow of fluid, 
smoothing out the ride. Active suspension 
that employs sensors and a central comput-
er to modulate travel at each corner of the 
car – rather than having four independent 
dampers – GenShock is fitted to the outside 
of a ZF shock absorber.

In Most modern vehicles they use hy-
draulic shock absorbers. Here a piston 
slides back and forth in a cylinder filled 
with a viscous fluid, forcing it through 
a series of flow valves and tiny orifices. 
As the fluid passes through the small 
orifices it experiences viscous friction, 
causing the fluid to heat. This  hydrau-
lic fluid spurts into a turbine, which 
afterwards starts rotating as fluid runs 
through it. In such a way the turbine 
powers a small electric generator. The 
rougher the road surface, the more 
movement the damper experiences, 
which generates more electricity. And 
is fed into the vehicle’s power supply 
system.
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Continuous Damping Control (CDC) system is al-
ready used by the likes of Audi, Bentley, BMW, Ferra-
ri, Mercedes-Benz, Porche, Rolls Royce and Volkswa-
gen.GenShock aims to combine the ride comfort in 
luxury cars with the dynamic handling characteristics 
of a sports car.GenShock carefully controls the body 
movement of a car, keeping it planted on the road, 
while simultaneously offering unprecedented ride 
comfort.GenShock valves and electronics enable the 
damper to push and pull at remarkably high speeds 
with exceptional authority and precision. It’s capable 
of actively raising each individual wheel - perfect for a 
roadside spare-tire change.System works at its peak on 
bumpy road, making it ideal for Indian roads.It  make 
use of energy that is otherwise wasted.Technology 
could be used in truck, military and off-road applica-
tionsIt generating electricity while it smooth the ride 
more effectively than conventional shocks.

The GenShock system is making its debut in the military 
marketplace. Some trucking companies have already in-
stalled the system for testing purposes and, according to 
preliminary results, they already anticipate an astounding 
90% return on their initial investment
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Inspite of all its disadvantages a major share of our world’s power requirements are still met by the 
fossil fuels- be it petrol and diesel to run our cars or coal to produce electricity. And we all know 

that this trend will definitely continue for a few more years to come. Not because this is the most 
efficient source but rather because the other sources still remain non-conventional to a very great 
extent. A lot more research has to be done and improvements made in order to make optimum 
use of these sources. However the question still remains. Will the existing oil rigs meet our energy 
requirements till then? Probably not. This is where laser drilling comes to our rescue.
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There are plenty of oil and gas 
deposits in the world that still 
haven’t been extracted due to their 
non-viability. Laser drilling is 
the key to make these previously 
uneconomic deposits commer-
cially viable. Rock disintegration 
and removal is a significant part 
in the oil drilling process. Millions 
of cubic meters of rock have to be 
removed in order to drill oil and 
gas wells and hence a major por-
tion of the capital is used up here. 
Researchers believe that the state 
of the art lasers can penetrate rock 
many times faster than the con-
ventional boring techniques with a 
huge benefit of reducing the high 
costs of operation.

LASER DRILLING VS.              
CONVENTIONAL DRILLING

A direct comparison of laser drill-
ing with conventional drilling pro-
cess will show us that the equip-
ment used in the former is much 
smaller and requires fewer moving 
parts. In conventional drilling, the 
process is slow and a lot of time 
is used up by support services 

that facilitate drilling rather than 
the actual drilling process. Use 
of lasers will reduce much of this 
unproductive time. It is estimated 
that the laser drilling will increase 
the drilling speed anywhere 
between 10 and 100 times the 
current rates of boring technology. 
Using lasers also reduces the cost, 
for example, with a laser there is 
no need for bit replacement, drill 
string removal and setting casings; 
thus offering significant savings.

LASER DRILLING PROCESS

Laser is used to drill oil rigs in 
a manner significantly different 
from the conventional methods. 
The novel drilling system would 
transfer light energy from lasers, 
down a borehole by a fiber optic 
bundle, to a series of lenses. These 
lenses are used to focus the laser 
energy onto the rock face thus 
disintegrating it. Using both the 
parameters of laser and the prop-
erties of rock, it is expected that 
the rock can be chipped, melted 
or even vaporized. High intensity 
laser energy is targeted at the rock 

which has a very low thermal con-
ductivity and focused on a local 
area. This focusing causes a sharp 
temperature rise. The tempera-
ture is maintained just below the 
melting point of the rocks which is 
the right temperature level for the 
rocks to be spalled. This reveals 
new rock surfaces and the process 
is repeated after high pressure 
gas purging to remove the rock 
fragments.

RESEARCH AND DEVELOPMENT

Researches are still underway to 
exploit this new technology. One 
of the primary objectives of study 
is to estimate the precise energy 
required to transmit light from 
lasers down the borehole in order 
to disintegrate rock and extract 
oil. Another aspect of study is 
to determine if sending sharp 
pules of laser energy will be more 
effective rather than sending a 

Aerial view of an offshore rig employing 
laser drilling technique

57  MECHAZINE



continuous stream. Pulsed laser 
have been more effective in cut-
ting steel and hence this approach 
to rocks might also prove to be 
a great success, further reducing 
the cost requirements than al-
ready estimated. Another aspect 
that requires further study is to 
determine if lasers will work in 
presence of drilling fluids. Often 
we use thick fluids called drilling 
muds in the drilling wells to wash 
out rock fragments and to prevent 
water and other unwanted fluids 
from seeping into the well. The 
technical challenge is to deter-
mine if too much laser energy 
will be expended in clearing away 
the fluid where drilling is already 
occurring. Further researchers are 
also examining other ways to use 
laser in oil rigs. For example, laser 
can be used to create the perfora-
tions into the drilled formations 
to start the flow of hydrocarbons. 
These and many other aspects 
offer scope for further research of 
laser applications in oil rigs.

For all the obvious reasons; sev-
eral governments across the globe 
have invested millions into this 
new technology- both for its study 
and its implementation. This “star 
wars” technology is definitely a 
milestone in the oil rig industry 
and will prove to have significant 
and qualitative economic impacts 
for exploration and production 
operations

LASER CAN BE 
USED TO CREATE 

THE PERFORA-
TIONS INTO THE 

DRILLED FORMA-
TIONS TO START 

THE FLOW OF 
HYDROCARBONS
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Maglev (derived from magnetic levitation) is a 
method of propulsion that uses magnetic levita-

tion to propel vehicles with magnets rather than with 
wheels, axles and bearings. With maglev, a vehicle is 
levitated a short distance away from a guide way using 
magnets to create both lift and thrust. High-speed 
maglev trains promise dramatic improvements for 
human travel if widespread adoption occurs.
Maglev has unique advantages over the earlier modes 
of transport .Compared to ships and wheeled vehi-
cles—autos, trucks, and trains—it moves passengers 
and freight at much higher speed and lower cost, using 
less energy. Compared to airplanes, which travel at 
similar speeds, Maglev moves passengers and freight 
at much lower cost, and in much greater volume. In 
addition to its enormous impact on transport, Mag-
lev will allow millions of human beings to travel into 
space, and can move vast amounts of water over long 
distances to eliminate droughts.

High speed vehicles are lifted by magnetic repulsion, 
and propelled along an elevated guideway by powerful 
magnets attached to the vehicle. The vehicles do not 
physically contact the guideway, do not need engines, 
and do not burn fuel. Instead, they are magnetically 

 
Jithin Jose
 S4 ME

High-speed maglev trains 
promise dramatic improve-
ments for human travel

propelled by electric power fed to coils located on the 
guideway.

In maglevs that levitate by magnetic repulsion, the 
train lies over the guideway. Magnets on top of the  
guideway are oriented to repel similar poles of mag-
nets in the bottom of the maglev. This pushes the 
train upward into a hovering position. This system is 
designed for maglevs that contain groups of extreme-
ly  powerful superconducting electromagnets.

 In maglevs that levitate by magnetic attraction, the 
bottom of the train wraps around the guideway. 
Levitation magnets on the underside of the guideway 
are positioned to attract the opposite poles of magnets  
on the wraparound section of the maglev. This raises 

NO WHEELS 
NO ENGINE
THE WORKING OF MAGLEV
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the train off the track. The magnets in the guideway  
attract the wraparound section only strongly enough 
to raise the train a few centimeters into a “floating”  
position. The wraparound section does not touch the 
guideway.

The movement is achieved by a second series of elec-
tromagnetic coils, which run alongside the levitation/
guidance coils.A maglev’s guideway has a long line 
of electromagnets. After the train reaches a certain 
speed, these propulsion coils receive a constantly al-
ternating electric current that changes the polarity of 
the coils in such a way that they are always arranged 
to push or to pull the onboard superconducting 
magnets of the passing train. These magnets pull the 
train from the front and push it from behind. The 
electromagnets are powered by controlled alternat-
ing currents, so they can quickly change their pull 
and push poles, and thus continually propel the train 
forward.

There are two particularly notable types of maglev 
technology:

• For electromagnetic suspension (EMS), electroni-
cally controlled electromagnets in the train attract it 
to a magnetically conductive (usually steel) track.

• Electrodynamic suspension (EDS) uses super-
conducting electromagnets or strong permanent 
magnets which create a magnetic field that induces 
currents in nearby metallic conductors when there 
is relative movement which pushes and pulls the 
train towards the designed levitation position on the  
guide way.

Another experimental technology, which was de-
signed, proven mathematically, peer reviewed, and 
patented, but is yet to be built, is the magnetody-
namic suspension (MDS), which uses the attractive 
magnetic force of a permanent magnet array near a 
steel track to lift the train and hold it in place. Other 
technologies such as  repulsive permanent mag-
nets and superconducting magnets have seen some 

research.

Some of the existing maglev systems are Linimo 
(Tobu Kyuryo Line, Japan), Shanghai Maglev, Dae-
jeon, South Korea. Old Dominion University, AMT 
Test Track – Powder Springs Georgia, Applied Lev-
itation/Fastransit Test Track – Santa Barbara Cali-
fornia, Beijing S1 Line, Incheon Airport Maglev are 
some maglevs under construction.

Magnetic levitation is a highly advanced technology. 
It has various uses, including clean energy (small 
and huge wind turbines: at home, office, industry, 
etc.), building facilities (fan), transportation systems 

(magnetically levitated train, Personal Rapid Transit 
(PRT), etc.), weapon (gun, rocketry), nuclear  en-
gineering (the centrifuge of nuclear reactor), civil 
engineering (elevator), advertising (levitating every-
thing considered inside or above various frames can 
be selected), toys (train, levitating spacemen over the 
space ship, etc.), and stationery (pen). The common 
point in all these applications is the lack of contact 
and thus no wear and friction. This increases effi-
ciency, reduces maintenance costs, and increases the 
useful life of the system.

Maglev railway systems have been successfully 
demonstrated in both testing phases and commer-
cial use, and they have proved to be much faster and 
just as reliable as conventional railways. However, 
since maglev systems are unable to use conventional 
railway infrastructures they have to be designed as 
entire transport systems. This means that a new mag-
lev railway link will have a phenomenal set up cost 
encompassing the building of terminals, locomotives 
and guideways. It is this initial cost that has thus far 
held back the widespread implementation of mag-
lev technology. However, with so many companies 
competing to adapt this technology, in the future it is 
highly likely that Magnetic Levitation will see much 
greater use all over the world and will become part of 
everyday transport.
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