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Small aim is a crime

I am indeed delighted to deliver
the Katre Memorial Lecture in this
beautiful environment. It gives me

immense pleasure to be with the Aeronautics community
of Bangalore. My greetings to the Air Warriors of the
Indian Air Force, Scientists, Engineers, Technologists and
Academicians participating in this function. I was think-
ing what thoughts I can share with you when we are
remembering a great visionary Air Chief Marshal Katre,
who has made significant contribution for the nurturing
and growth of aeronautics in this country during his tenure
as Chairman HAL and Chief of Air Staff. When we are
remembering Air Chief Marshal Katre, I would like to
share two important developments in robotics carried out
by the scientists and engineers of Carnegie Mellon Uni-
versity, Pittsburg for land and moon applications which I
saw during my visit to US in October 2007.

Robotics in Land and Moon

While I was in Carnegie Mellon University, I came to
know about the development of Boss - A Robotic car
developed by Carnegie Mellon University. This car won
the 2007 Defense Advance Research Project Agency
(DARPA) Urban Challenge first place price of $2 million
in the autonomous vehicle competition held in November
2007. This is the first time that autonomous (driverless)
vehicles traversed suburban roads at speed with real traffic
represented by 50 moving cars with human drivers and the
11 race finalists in robot-on-robot competition. The
autonomous vehicles in the DARPA Urban Challenge
were required to navigate, park, and handle traffic on a
60-mile urban course within a six-hour time limit. The
vehicles operated without human guidance and relied only
on sensors and computers. The robotic cars also had to
obey traffic laws, merge into moving traffic, avoid obsta-
cles, and negotiate intersections. The robotic technology
is indeed taking shape and we may see in this decade
Robotic Cars in many parts of the world.

I also visited and interacted with the Carnegie Mellon
- Google Lunar X Prize team, who are developing a robot
which will land on the Moon, travel at least 500 meter on
the lunar surface and transmit images to Earth by 2012
with the intent of winning a $20 million challenge an-
nounced by the X Prize Foundation and Google Inc. This
will be the first private off-planet exploration. The result
of this experiment will pave the way more robotic landing
in Mars and Moon for exploration.

Both these developments give me the confidence that
the world is not far off from realizing pilot-less combat
aircraft and reusable missile systems. With this introduc-
tion let us study the aviation profile.

Aviation History

Human flight is nothing but creativity of human mind
and it come after several struggles to achieve excellence.
In 1892, a great well-known scientist Lord Kelvin, who
was the President of Royal Society of London said, "any
thing heavier than air cannot fly, and cannot be flown". In
1903, Wright Brothers demonstrated that man could fly.

Since then, we can see how creative minds have en-
abled the blossoming of Indian aviation. How that vision
of aeronautics can take a real shape now? LCA has been
successfully flight tested and is going to production phase.
ALH is in production and is entering the export market.
Advanced Satellite Launch Vehicles such as PSLV and
GSLV are being made in the country. Strategic missiles
with re-entry technology and supersonic cruise missiles
are operational.

Aerospace Today

India during the last 40 years has progressed tremen-
dously in space, missiles and multiple aircraft pro-
grammes. From the successful launching of SLV-3 in July
1980, India steadily progressed to operational capabilities
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with PSLV and GSLV for Remote Sensing and Commu-
nication satellites. India is self-reliant in space technology
and can offer competitive launch service. The fruit of
space research has started reaching the people enabling
development of the nation.

In the missile programme, Prithvi and Agni are opera-
tional. The emergence of BRAHMOS - an Indo-Russian
joint venture Supersonic Cruise Missile is a break-through
to obtain a unique capability for long-range precision
strike. The missile programme has given strength to the
nation and BrahMos has demonstrated its world leader-
ship and the availability for export. NAL flight-tested the
14 seater SARAS and HAL has successfully production-
ized the Advanced Light Helicopter (ALH). The ALH is
a unique multi-role, state-of-the-art, cost effective heli-
copter and will be a workhorse of the Indian aviation in
the coming years. DRDO’s Lakshya and Nishant are
unmanned aerial vehicles and are in production. Su-30
MKI’s avionics and MiG series of aircraft upgradation
have demonstrated nation’s capabilities to design ad-
vanced aircraft systems. India has achieved core compe-
tencies in the design and development capability of
aeronautical systems such as military aircraft and helicop-
ters as well as aerospace systems such as launch vehicles
and satellites. This all round capability of design and
development of airborne systems is an adequate founda-
tion for us to build on to develop our own 150 seater
passenger jet.

Aerospace Technologies

For the aeronautical community, the real major mile-
stone was the successful demonstration flight of the first
prototype Light Combat Aircraft (LCA) designed and
developed by ADA. On the whole, aerospace systems
programme of India achieved a significant progress. Due
to various aerospace programmes, multiple state-of-the-
art technologies got developed. Computational Fluid Dy-
namics (CFD) emerged as core strength for India with
advanced software codes and super computing capability
to optimize configurations for guided missiles, LCA and
launch vehicles. CAD/CAM has become a critical tool in
Aerospace systems design and manufacturing. In addi-
tion, ADA has established unique software capability for
virtual reality, which reduces the design and product re-
alization time by 40%. ADA and HAL have automated the
design to manufacturing life cycle process with the exten-
sive usage of digital documentation and processing. This
important capability heralds the Indian Aerospace indus-

try into levels of maturity of capability that are comparable
to the very best aircraft manufacturing facilities.

In the composite technology, the Carbon-Carbon heat
shield of Agni and high temperature Radomes and large
composite wing of LCA show the strength of the country
in the composite products. The Digital Fly-by-Wire con-
trol system and the control laws developed for LCA with
the formation of national team, made the aircraft state-of-
the-art. With the above technologies and the engine devel-
opment in progress, the next generation medium combat
aircraft is bound to take shape.

Aero Vision 2020 - Passenger Aircraft

A study undertaken by the committee of experts on
India’s vision 2020 has come out with a large potential for
possible aircraft to be produced in India. The Technology
Vision 2020 has estimated that in the Indian market, taking
into account the fastest growing Indian aviation and open-
ing up of Indian aviation to private sector, there is a
demand for around 60 no’s. of 300+ seater aircraft, around
30 no’s. of 200+ seater aircraft, around 70 no’s. of 150+
seater aircraft and around 65 no’s of 100+ seater aircraft.
Similarly, in the export market, there is demand of about
280 no’s for 100+ seater aircraft. From the findings, it has
been concluded that it will be economically viable to
produce a 150 seater aircraft in India. What is needed is
to integrate aerospace technological and managerial
strength available in the country in a mission mode. With
technology partnership between aerospace industries and
Academic institutions the Indian made passenger aircraft
has to be made to become a reality.

The development of passenger aircraft calls for many
complex technologies to be mastered. For example, the
improvement of fuel efficiency using unducted Fan is a
great challenge. Identifying international collaborators
and partners for joint development of many appropriate
technologies at the initial phase itself would be required.
This will also increase the potential for marketing in the
international scene as well.

Hypersonic Reusable Vehicles

Hypersonic reusable missile is an emerging area to
achieve greater speeds using Ramjet and Scramjet engine.
A study has been presently carried out for an air launched
reusable hypersonic missile flying at an altitude of 30-40
km. in cruise mode at mach 7 to a range of 2000 km and
fly back to the launch point.
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This type of missions will be highly useful for multiple
applications. In the case of Hyper plane, the aim was to
achieve larger payload fraction. The world launch vehi-
cles for example from USA, ESA, India, Japan, Russia and
china is can launch only 2 to 3% of the take off weight as
a payload in low earth orbit. Indias design of Hyper plane
aims to realise 15% of payload fraction. This will consid-
erably reduce the launch cost per mission and will enable
multiple missions such as transport, reconnaissance, pay-
load delivery, satellite injection etc. A typical mission of
Hyperplane takes off with 100 tonnes weight using fan
ramjet engine, works on scramjet mode for nearly 1000
sec. during which time it collects the left over air, cools it
and separates as liquid oxygen. This increases its weight
to 166 tonnes, thereafter it flies in rocket engine mode
using the liquid oxygen and stored liquid Hydrogen to
deliver a payload of 15-16 tonnes. This concept of mass
addition in flight is unique and conceived by Indian sci-
entists. Hypersonic Technologies include scramjet pro-
pulsion, air liquefaction, high temperature materials, and
guidance control and software package.

Emerging Aircraft

Prof Satish Dhawan - a teacher of aeronautics and
designer visualized morphing airframes for the aircraft to
fly like a bird flapping its wings. He in his own handwrit-
ing plotted egrat’s take-off in million seconds and dreamt
that aeronautics designers will one day come out with an
aircraft to fly like a bird. Will advancement in MEMS and
nano technology with new materials, flexibility in engi-
neering, intelligent machines and software enable the
dream of the visionary come true?

National Aerospace Policy - Need of the Hour

Space systems, missile and aeronautics groups have
demonstrated technology excellence in their products
through networking with academic institutes, industries
and government. There are more than three hundred thou-
sand engineers and technicians with infrastructure of more
than Rs.40,000 Cr. There is strong mission management
culture and committed partnership. With this national
strength and opportunity for larger demand in aerospace
systems and export potential, a large business for indus-
tries is in front of us. It is essential that this strength is
integrated into a National Aeronautics Policy for integrat-
ing the strengths of both civil and military aviation sectors
to bring synergy in the aviation sector. Implementation of
this policy will usher in an era of high technology and high

skill industry environment resulting in the generation of
assets, wealth and value added employment in the country.

Aerospace Missions and Applications  - A Perspec-
tive

Beyond 2020, the aerospace world will enter into
space industry and space tourism, mining in planets and
space habitats. Hypersonic reusable vehicles will offer
cost effective transportation for the space missions. With
the increasing demand of electric power, many nations
will depend on Solar Power Satellite (SPS) which could
be built in space and launched in geo-stationary orbit. The
SPS will become the most cost effective means of gener-
ating power. Factories in moon and establishment of space
habitat at L4/L5 liberation points will become the mis-
sions.

Aerospace Education and Research in India

In the 70’s and the 80’s the challenges thrown by the
nations desire to achieve self-sufficiency in aeronautical
and aerospace arena had been the reason for the growth of
aerospace education and research in the country. Several
innovative programmes and highly acclaimed depart-
ments in many universities, IITs and IISc started blossom-
ing and flourishing. This was also the time period at which
the programme for satellite and launch vehicles develop-
ment and programmes such as LCA, ALH and IGMDP
had been the most visible national initiatives. At that time,
the Aerospace had also been a hard engineering subject.
Today aerospace and aeronautics encompass many
emerging areas such as software, material science, control
and guidance, and computers and communication tech-
nologies. This multi-disciplinary area can only be devel-
oped by uniting many minds working in diverse areas. One
such vehicle that would unite the alert minds is a National
Vision like IGMDP, LCA or ALH will be the 150 seater
aircraft. Looking at the current scenario, the mission mode
approach to develop 150 seater passenger aircraft would
be technologically satisfying enough to attract youngsters
to take to aeronautical education and research. This mis-
sion would also make economic sense and simultaneously
meeting the national requirements.

Conclusion

Technologies in the field of aeronautics, space and
missile are converging. This convergence will lead to a
cost effective high quality design, development and pro-
duction of the various types of aerospace systems such as:
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• 150 seater passenger jet

• Supersonic unmanned combat aircraft

• Hypersonic reusable missile

• Hyper-plane

• Planetary missions including manned missions for en-
ergy and water

With vast infrastructure and human resource in the
aerospace sector India definitely can launch such missions
with international partnership.

Nuclear reactors to produce electric power have come
out of Atomic Energy Commission, Launch Vehicles and

Satellites have come out of Space Commission, Strategic
missiles have come out of empowered Guided Missile
Board. Definitely, a National Aeronautics Commission
should be planned and should be given the mandate to
design, develop and send it soaring in the Indian skies, a
passenger aircraft. When our Indian Combat aircraft goes
into squadron service and 150 seater aircraft flies, in the
sky, Air Chief Marshal Katre will definitely smile.

I convey my greetings to all the participants and best
wishes for success in all their missions.

May God bless you.
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