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A small body of determined spirits fired

by an unquenchable faith in their mission

can alter the course of history.”

- Mohandas K, Gandhi
(Harijan, 1936)
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FOREWORD

Every dynamic organization must necessarily keep track of its history of growth and
evolution. Defence Research and Development Organization published an authentic historical
account of its genesis and growth during the period 1958-82, capturing the early phases. The
next volume of the history of Defence Research is covering the momentous period 1983-2018
which saw a tremendous expansion of activities and achievements.

This historical account covers the vast efforts of the organisation, establishment and
laboratories under the aegis of the Department of Defence Research and Development. The
spread of projects and accomplishments encompassing guided missiles for strategic and tactical
deployments, multi-role fighter aircraft of the 4-plus generation, aerial warning and control
system, UAV’s, armaments, main battle tank, naval sensors and torpedoes, radars, electronic
warfare, communication systems, material science and technology and numerous other
capabilities including life sciences — is indeed, overwhelming.

We are very fortunate to be able to include the reminiscences of several former Chiefs
of DRDO. A special feature of this book is the inclusion of special essays in chapter 5. These
essays have been authored by scientists, soldiers and administrators who were involved as
participants in our programmes in significant ways. Another notable aspect is the synoptic
chapter 7 on the impact made by DRDO on national security capabilities, defence economics,
national industrial capabilities and human capital. | strongly commend this crisp summary to all
readers seeking an integrated perspective beyond the details.

I would like to record my sincere thanks to Dr KG Narayanan, Principal Editor, all the
distinguished authors of special essays, the Directors and colleagues of DRDO laboratories and
Programmes and colleagues in DESIDOC and DRDO headquarters for their contributions in
making this remarkable publication a reality and a quality product.

]

—_
P

— AN

(Dr G-Satheesh Reddy)
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Preface

sfaer, iti ha asa, in Sanskrit, means "so indeed it was". The word is used often in combination
with Puranas to denote ancient Indian epics which continue to inspire the lives of generations. The
word “Historia” in Greek language means “learning by enquiry or investigation”. Aristotle believed
that to understand anything, you must observe its beginning and development. Thus, the scope of
History as a subject goes beyond mere narration of events. The desire to learn from past events is a
powerful motivation.

Endeavours in Self-Reliance is a historical account of Defence Research and Development
in India, covering the period 1983-2018. The three and half momentous decades were periods of
explosive growth, achievements, expectations and challenges for Defence R&D. Annual budget grew
from around Rs 314 Cr in the mid-1980s to Rs 17,000 Cr in 2018. Output of the defence R&D efforts
as measured by financial value of indigenous production went up steeply to exceed Rs 300,000 Cr.
Hundreds of development projects were completed covering practically every aspect of defence
requirements. This chronicle covers the vast efforts of the Organisation, establishments and
laboratories under the aegis of the Department of Defence Research and Development, in a single
volume, as succinctly and accurately as possible.

The opening chapter prepares the ground for appreciating the Defence R&D efforts in the
national and global perspectives. It explains the policy issues and the essentiality of the self-reliance
goal. Chapter 2 provides a quick summary of the earlier volume which traced the history of Indian
defence research up to 1982. The next chapter on the Mandate and Organisation explains how
the role of DRDO evolved over the decades and how it stands ready to adapt to future changes.
A description of the organisational structure as it evolved has been provided. Leadership is the
theme of the Chapter 4. Profiles and reminiscences of former Heads of DRDO help to improve our
understanding of the background.

Chapter 5 is devoted to the details of the research and development programmes, technological
infrastructure, test and evaluation and all such elements which complete the chain. Attention is
drawn to the major twists and turns in indigenous development, sweet successes and some missed
opportunities. We bring you some interesting accounts of how DRDO coped with crises, turning
adversities into opportunities. There is a lot of dynamism in the course of mission-oriented projects.
While we were engaged in the mammoth task of collecting and compiling the data regarding the
progress from 1983-2018, significant events continued to happen. These recent events “till going to
press“ have been collected and presented briefly in Chapter 6 “Recently (2019-2021)".

Chapter 7 deals with the key topic of evaluating the impact made by Defence R&D. We have
tried to provide, in a capsule form, the entirety of contributions of DRDO by systems delivered, by
production values, by employment generation, on the basis of verifiable data. We have added an
analysis of the challenges and shortcomings which have hampered achievements. We hope that this
chapter would provide the reader with the opportunity to assess for herself what and how much has
been done and what remains to be done.

The last chapter on “Images” is a photo essay which we hope you will enjoy browsing
through.

Xi



An excellent predecessor volume covering the events up to the year 1982, edited by
Dr Ramadas P Shenoy blazed a trail which guides the present effort. Of course, as the scope of coverage
has expanded so vastly since, we are forced to be more selective in our compilation. A new feature
in the present edition is the inclusion of special essays by scientists, soldiers and administrators who
were involved as participants in the R&D programmes. Their special essays inserted in the relevant
sections of Chapter 5 are sure to add value and some nostalgic flavour.

Difficulties abound in gathering and collating information of historical interest in a large and
busy organisation such as DRDO, engaged over a vast front of science and technology. Some major
programmes in the strategic weapons sector cannot be included in this volume which is meant to
be circulated widely nor can we describe detailed technical capabilities of many of the weapons and
systems developed. There is also the challenge of being selective in the inclusions. We are conscious
that we might have missed many notable achievements which are worthy of mention in this historical
account. There might also be some misreporting, owing to our editorial limitations. We apologise for
such inadvertent lapses.

The contents of this history include the actions, thoughts and impressions of the “Labs”, “DRDO
Headquarters” and several eminent persons who had been participants in the great venture. All do
not think alike nor do they recall past events similarly. They also do not express themselves in similar
language or style. We have let the organisations and the people come through and speak in their own
“language and style” as far as possible. We hope the readers will appreciate the spontaneity.

This is not a “coffee table glossy” dedicated to extolling the virtues of DRDO. Nor is it an
auditors’ report focussing on the shortfalls and lapses exclusively. The scope of coverage of
the science and technology domains in Defence R&D in India has few parallels in the world. The
volume seeks to present a balanced picture of a national effort of truly Himalayan proportions.
Results recorded here speak for themselves. Splendid successes, accomplishments with scope for
improvements as Mk-Il, deferred decisions, opportunities lost and some plain technical failures
are all part of the historical account. We have endeavoured to be objective and to ensure that our
analyses rest on the bedrock of validated data. The aim is to understand the progress made and

examine how much of the objectives have been achieved, “to examine through the eyes of a friend-

e getw weHleTee | (Irde 36/18)".

Speaking personally, | recognise the crucial role played by my own professional experience
in a career of 37 years in DRDQ, in compiling this edition of history. Shared experiences and old
comradeships helped me enormously. | am most grateful to DRDO for having provided me with rich
and varied opportunities during my career earlier and for giving me the privilege of recording its
luminous history now.

Ji{ﬁf__

Bengaluru, October 2021 (KG Narayanan)
Principal Editor
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Defence Technologies and Self-Relia

1.1 Preparedness '

Conflicts arise among nations over
political ideologies, economic interests or
differing perceptions of historical factors.
Quite often, they escalate over short periods
of time. A nation dedicated to the well-being
and safety of her citizens must necessarily
pay constant attention to national security
which encompasses territorial integrity and the
security of her citizens-ensuring that national
territories and resources are not encroached
upon by adversaries, through war or through
covert hostile action. A wise nation “keeps
its powder dry” even while dedicating herself
sincerely to the ideals of human development
and global peace. To balance and manage
the demands placed on available resources
by development and by security needs
simultaneously is a serious and constant
challenge.

India’s journey in defence preparedness
started almost immediately after she attained
independence. Daunting challenges to her
territorial integrity and security were thrown at
her-in the form of armed intrusions into Jammu
& Kashmir and three major wars in the first
25 years of her existence as an independent
nation. These wars came upon India even
as she was making heroic efforts to rebuild
economic capacities that had been plundered
and shattered by centuries of colonial rule and
to provide citizens with basic needs of food,
shelter, healthcare, education and human
dignity. How well the Indian people weathered
the storms and forged ahead with unwavering
commitment to the democratic constitution, is
a saga unparalleled in world history.

Unfortunately, the benefits of the ending
of the global Cold War in 1989—so called “peace
dividend”- resulting in reduced demands for
war fighting capabilities in many Western
countries did not reach India. As global political
and ideological scenarios changed, new threats
of proxy war and hostilities by non-state actors
emerged and intensified in our neighbourhood
in the 1990s. Indian concerns on national
security remain unabated.

Eternal vigilance is the widely recognised
price of liberty. India is determined to meet
these security challenges fully and effectively.
At the same time, India remains committed to
safeguard its independent posture in national
and international affairs. As an essential
component of this posture, India has a vision
and a road map for attaining self-reliance in
technologies. Department of Defence Research
and Development of the Government of India
is mandated to help transform this vision into
reality.

1.2 Technology in War '

Successive generations of the human
race have handed down legendary accounts
of astonishing feats performed in war—such
as the use of thunderbolts and lightning,
weapons which released enormous energy
to achieve mass destruction and space& time
travel. Some of these accounts may appear
to foretell the arrival of the high technology
weapons of today. How much of these legends
are based on evidence and how much on fertile
imagination are conjectures which we can leave
conveniently alone.
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There is no doubt, however, that
modern wars are technological to a great
extent. Highly sophisticated multirole
military aircraft, intercontinental ballistic
missiles, battle tanks with unprecedented
mobility, fire power and immunity, ships
and submarines with very low observable
signatures, guided weapons, unmanned
platforms for surveillance and attack and
other such systems have become common in
operational use now. Sensors, communication
networks and electronic warfare dominate
the scene in battle and in preparation for it.
21t century war fighting concepts emphasise
the role of space platforms, network-centric
operations, information warfare and robotics.
Significant roles for non-lethal warfare are
envisaged. Management of the physiology
and psychology of the war fighters is likely
to be highly technology based. It is evident
that the scope of interaction of application of
scientific principles with the conduct of war
and defence preparedness has indeed become
very wide.

Does technology win wars? Most
certainly it does, other things remaining
the same. Does superior technology always
determine the winner? The answer to
this question is less certain, going by the
outcomes of conflicts in the 20" and 21
centuries. Application of technology might
be a necessary but not a sufficient condition
to ensure victory in war. Several other factors
such as strategy, tactics, morale, costs and
availability of industrial base to sustain the
technologies enter the calculation. Certainly,
availability of an uninterruptable domestic
design and manufacturing base is seen to be
an essential condition for the application of
high technology to win wars.

1.3 National Goal of Self-Reliance '

National leadership has emphasised
consistently the goal of self-reliance for the
full development of independent India. Prime
Minister Shri Jawaharlal Nehru wrote in the

3 Five Year Plan, referring to the economic
and industrial development of India “The only
viable meaning of self-reliance in an increasingly
interdependent world is that we should be able
to pay our way in our international transactions
through our exports and normal inflow of
capital, that we should do away with reliance
on official aid which is never free of strings.”
Addressing the DRDO scientists in 1992, Prime
Minister Shri PV Narasimha Rao referred to the
climate of international sanctions and trade
embargos and stated “we have to depend
on ourselves.... you have to depend on your
own resources, resources not necessarily in
monetary sense but resources of all kind ...
so this taboo (embargo) which is going to be
slapped on you, you will have to face this for a
long time”.

Prime Minister Dr Manmohan Singh
said in his speech in the special session of the
Parliament in 1997, “Self-reliance must remain
the cardinal principle of our economic and
social policies. But it has to be interpreted in
a dynamic world” and suggested that “we
can pursue greater self-reliance by creating
inter-relationships and inter-dependence
that enhance our bargaining power.”
The inspirational goal of 3MAf™R R4,
“Atmanirbhar Bharat” established by Prime
Minister Shri Narendra Modi in 2020 spells
out the major goals for the defence sector-FDI
limit in defence manufacturing to be increased,
Make in India initiative to be promoted.

India’s quest for self-reliance in defence
technologies started early and is based on
several strong reasons related to strategic
policy considerations and practical realism. The
need was elaborated in the detailed analysis
made by Prof PMS Blackett in his report to the
Prime Minister in 1948 thus: “On the other
hand, a long and continued dependence on
imported weapons might not be acceptable
militarily and politically. Firstly, difficulties
could be experienced in getting the latest
weapons from abroad without accepting
military and political obligations, which might
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