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Artist’s impression of IAF Su-30MKiIs conducting an
air strike as a pair of Tejas LCAs provide top cover.
The Su-30MKI is the IAF’s primary combat aircraft,
while the Tejas LCA has recently been accepted into
service. Both aircraft types are on display at Aero
India 2015 (Digital art by Priyanka Joshi)
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Aerospace-&'Defence Review

The Indian
Aerospace Riddle
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Air Marshal Brijesh Jayal writes on the
‘riddle’ where ‘aerospace shines and
aeronautics whines!’ Even while feat of
the Mars Orbiter Mission, Mangalyaan
has impressed the world, the country
struggles to develop basic training
aircraft.

m Aerospace Power
in the 21st Century

Air Chief Marshal Arup Raha, CAS IAF
on the increasing relevance of aerospace
power, its suitability in the present
context and its affordability and some
future propositions. The CAS is clear
that the human element will ensure that
manned aircraft will continue to operate
in the battlefield scenario for a very, very
long time in the future.

Where the Mind is
Without Fear ...

Former Director of the NFTC and now
Chief of Flight Testing with HAL, Air
Commodore KA Muthana examines
what constitutes a viable ecosystem for
the development of aeronautics.

Beloved Aircraft -
ora Lemon ?

In his characteristic manner, Professor
Prodyut Das carries out an ‘open

source’ assessment of the LCA's status,
with a no-holds bar examination of this
light fighter programme. Focus must
be on weight reduction improvement
which is the key as also some re-designs
including lengthening of the fuselage and
tweaking of the wing.

Thunder from the
North-West (of India)

e
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A contrasting look at the Sino-Pakistani
JF-17 Thunder light fighter which
development programme began in
1999 and one which has ‘over taken’
the LCA in terms of clearance for
operations, with two PAF squadrons
operational on the type since 2010.

m The Next Big Thing

In his presentation on ‘Emergent
Technologies & Warfare: Opportunities,
Costs, Implications’ Angad Singh writes
on the ‘Opportunities of Gallium Nitride’
which new development has significant
impact on future airborne radars.

E “The Perfect Marrage”

In an exclusive, Vayu interacted with
Eurojet, the company behind the
EJ200 engine powering the Eurofighter
Typhoon for their take on the Indian
market, particularly concerning India’s
advanced medium combat aircraft
(AMCA) programme.

m Facing the Challenge :
the Indian Army Today

Visit us at: www.vayuaerospace.in

In an interview with General Dalbir Singh,
the Indian Army COAS enumerates
his vision and focus areas for the Indian
Army, including plans for integrating
attack helicopters in the combined arms
environment.

Airbus A350XWB
to Qatar Airways

Vayu was present at Toulouse when the
first Airbus A350XWB was handed over
to Qatar Airways. An on-the-spot report
by the Managing Editor who interacted
with senior executives of Airbus and
Qatar Airways Group Chief Executive
Akbar Al Baker.

Aero India 2015
Special Section

The 10th edition of this biennial
International Show has the theme
‘Make in India’ and logically focuses on
Aerospace, Defence, Civil Aviation,
Airport Infrastructure and Defence
Engineering. Taking place at the now
traditional site of AFS Yelahanka (north
of Bangalore), the event has attracted
an unprecedented number of exhibitors,
both International and Indian and in this
section some products and services
are reviewed, with several interviews
included.

Also : Go Navy ! ;

Lift Off ! ; New gen air-to-
air missiles ;

India’s Eagle Eyes ;

Eyes over the Ocean ;
Arihant Ahoy ! ; ‘Lead and
Execute’ ; Remembering
Parvez ; Tribute to a
Legend ; ‘Freedom Flight’ ;
‘Noble Arrow 2014’ ;
USAF/HAF ties

Regular features :

Commentary, Opinion, Aviation &
Defence in India, World Aviation
& Defence News, Ancient Aviator
Anecdotes, Vayu 25 Years Back, Tale Spin.

AERO INDIA2015
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Ready For Take-off

o ring in the new year on a note of good cheer, consider
this: crude oil prices have plunged 45% relative to where
they were this time last year. 1t’s not just that there’s a glut of
oil in the market; commodity prices, in general, are falling,
which should bene t a net commodity importer like India.
at contributes to the other bit of good news: in January
last year, the India story had gone completely o the rails. Let
alone foreigners, even Indian businessmen were eeing India
and pursuing greener pastures abroad. But India is grabbing
global attention again and could eclipse China in terms of
growth rates if it plays its cards right in terms of productivity-
enhancing reforms this year.

And many are willing to bet it will. In momentous Lok
Sabha elections held in April and May last year India elected,
at long last, a stable single-party majority government not
dependent on volatile coalition partners and therefore having
the capability, at least, to generate consensus on critical issues
that’s needed to move forward. We may not have seen much
of that on the ground so far despite the pro-growth and pro-
business intent expressed by the NDA government. But Prime
Minister Narendra Modi has transformed at least the eld
of foreign policy with whirlwind tours and out-of-the-box
initiatives.

is has served the purpose of raising India’s global pro le
as well as mobilising India’s diaspora on its behalf, strategies
similar to those successfully followed by China. Alsoin ation is
trending downwards at long last, which should give RBI room
to cut rates. All of this should help break the low-growth rut in
which the economy has been stuck for a long time.

Declining oil prices have other bene cial e ects easing
India’s international environment. For example, they will take
the edge o confrontation between Russia and the West over
Ukraine. Since Russia depends on oil, President Putin will be
forced to negotiate.  at the Cold War is not returning is good
news for India, as it doesn’t want to be in a situation where it
has to choose between friends. e political class, which likes
to wallow in negative sentiment, should realise that tailwinds
are behind us and learn habits of greater cooperation. 2015
can be India’s year when it begins to break out and realise its
true potential.

From 7The Times of India

Pragmatic Parrikar

Defence procurement in the country has been hobbled by
charges of corruption and of illegal commissions pocketed by
middlemen. Itbecameapolitical stormwith the Bofors’ Rs. 64-crore
kickbacks story with Rajiv Gandhi losing the 1989 election.
Ever since, arms purchases had become hot potatoes as it were.

e Tehelka sting operation about payments to politicians and
army personnel in 2001 had led the then defence minister
Jaswant Singh in the NDA government to set up a committee
under BG Verghese to evolve a clear defence procurement
policy (DPP). Thirteen years later, Singh’s successor in
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NDA-I1, Manohar Parrikar, has revealed that a new DPP will
be announced soon.

Parrikar has also indicated that arms agents (he uses the
term ‘technical representatives’) will be allowed to participate
in the process of purchases. Ministry sources, according to
agency reports, have said that these technical experts will be
allowed a fee but no commissions or bonus on the purchases.
It is easy to quibble over the terms and argue that middlemen
in arms deals are being allowed in through the back door. But
the need to be less rigid and more practical in these matters
is dictated by the exigency that critical arms acquisitions are
getting unduly delayed because of the controversies created
around major arms purchases.

As part of this new pragmatic approach, the minister has
allowed public sector unit, Bharat Earth Movers Limited
(BEML) to supply spare parts to Tatra trucks which involved
partially lifting the ban against Tatra. UPA-II had imposed
the ban after the then army chief and now minister of state
for north-eastern a airs, VK Singh, claimed that Tatra o ered
a bribe to him. Parrikar has found a technical way out of the
impasse saying that it was Tatra UK, a subsidiary of the mother
company, which was banned and there is no restriction in
dealing with the other units of the company. Again, it is possible
to criticise him saying that thisisbuta g leaf. It has been found
that Tatra trucks are crucial for the army and it is to deal with
this pressing need that the ban has been partially lifted.

Parrikar’s pragmatic approach is free of his party’s shrill
rhetoric against corruption when it was in opposition, and his
willingness to take decisions based on the country’s security
needs. He is not taking the rigid position that any company
which has been blacklisted will always remain on the list. He
has given enough indications that there will be a review of those
decisions. As a matter of fact, this makes a lot of sense because an
erring foreign arms company should be penalised for breaking
rules, and the penalties imposed should be punitive so that
giving and taking of bribes will become counterproductive. It
should not be kept away if its wares are crucial for the armed
forces.

Prime Minister Narendra Modi’s plan to make India an
arms manufacturing hub will take time to take root and become
areality. In the meanwhile, there is no escape from making huge
defence purchases from foreign companies. e need then is
to establish these purchases on a rm and clear footing.  ere
is need for an open debate on the issue of arms agents and the
commissions they get paid by the companies they represent.
Ways have to be found to prevent the commission amount
being factored into the nal price.

From DNA

Favourite Punching Bag

or some reason, DRDO has turned the favourite punching
bag of all and sundry in recent times. e organisation has
been slammed for cost and time overruns, for not excelling in
design and development of advanced weapons and systems
required by the armed forces, and of course for not planning

VAYU
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the line of succession both at the top and in selection of directors
of di erent laboratories.

It is true that several projects are delayed, some even beyond
acceptable limits, but one must understand that defence projects
are never accomplished on time even in countries like the United
States because the technologies involved are extremely complex.
Besides, nobody acknowledges the fact that the organisation lacks
the support of indigenous industry when it comes to sourcing
certain devices, components, and subsystems for some of its
projects, and therefore has to develop them because advanced
countries are not ready to part with them.

Despite denial of technology and critical components and
subsystems, the DRDO has managed to designand y the Tejas,
the light combat aircraft, which has logged more than 3,000
hours of ying without a single snag. e same is the case with
sonar systems, radars and communication systems. And yet, some
people ask why other organisations are doing well, and DRDO
has no achievements to talk of.

First and foremost, the organisation must address the task
of not just attracting the best talent but retaining them with
incentives and provide opportunities to constantly interface
with the academia. It means the HR department should become
thoroughly professional, and not restrict itself to recruitment
but also expand its scope of activity so that the talent available
is harnessed to cater to the vast canvas encompassing more than
50 laboratories.

In every laboratory, two or three talented engineers must be
identi ed, mentored and sent to 1IMs for training so that they
do not lack leadership qualities in case they are chosen to head
the facility. And, most important, the most technically quali ed
engineer need not head the facility because he might not be the
best person to manage manpower, and encourage his colleagues
to get the results.

With retention of talent proving a daunting task in recent
days, incentives should be announced for pioneering work,
and opportunities to go on a sabbatical and work in academic
institutes so that they not only get an opportunity to pursue a
doctoral degree but also interact with the best brains in the eld.

Simultaneously, experts in academic institutions should
be allowed to work on projects in DRDQ’s laboratories for
a year or two. Such a cross- ow will help the organisation
address technological challenges quickly, and even overcome
technological denials. It will help if the organisation allows lateral
entry of experts, particularly those who are keen to return from
advanced countries or from the academia, as otherwise futuristic
technology could prove to be out of reach.

And, to provide young engineers opportunities to head a
laboratory, the retirement age should be xed at 63 with no
extension in service as even one instance of extension will send a
wrong signal to those down the hierarchy. If those in academic
institutions are allowed to retire at 65, engineersin DRDO should
continue till they are 63 rather than sign o at 60.

Lastly, to steer clear of criticism over delays, every laboratory
should not set the timeframe for projects in the beginning but only
after technology readiness evaluation, and announce a realistic
date of completion after a mid-course review as this exercise

will help take into account the availability of components and
sub-systems in the country, as also complexities of technology.

Also, directors of laboratories should be empowered to
acquire components or devices from abroad rather than run
to the headquarters for approval, and await the outcome of a
long-drawn process. To sum up, a couple of changes will help
DRDO excel in a very short time.

Dr VK Aatre, former DG DRDO
From The Asian Age

Aerial Ancestors of Air India

f the conclusions of the 102nd annual Indian Science

Congress, held in Mumbai recently are to be believed there
is really nothing new under the Indian sun, not even Prime
Minister Narendra Modi’s ‘Make in India’ campaign, which
seeks to project the country as an international manufacturing
hub of all manner of products, from automobiles to defence
equipment.

According to several of the participants in the science meet,
ancient India was famed for its inventive and productive prowess,
which included the making of nuclear missiles and rocket ships.

One of the scholarly papers presented at the conference
described, in painstaking detail, how 7,000 years ago Maharshi
Bhardwaj had knowledge of “aeroplanes which travel from one
country to another, one continent to another, and one planet
to another”. s early aerial ancestor of Air India presumably
did notsu er from the union problems that continue to beset its
descendant. Moreover, ancient India’s aviation industry was far
superior to anything currently conceived by the likes of Boeing
and Lockheed. For while today only a hundred principles of
aeronautics are known to us, millennia-old Sanskrit texts list no
fewer than 500 such principles.

ere seems to be no end to the variety of ancient India’s
inventiveness. Apart from the precursors of ISRO’s Mars mission
which ew from planet to planet with the greatest of ease, the
India of the distant past had mastered all manner of advanced
surgery, including trans-species organ transplants, as evidenced
by Ganesha, the elephant-headed god who has become our
national good luck mascot.

Apart from having invented the zero, ancient India made
other milestone contributions to mathematics. According to
Union minister Harsh Vardhan, Indian scientists discovered
the geometric theorem which they graciously permitted a Greek
called Pythagoras to patent as his own. Similarly, the minister
added, Indian mathematicians invented algebra, but “very
sel essly” allowed the Arabs to lay claim to it.

Indeed, further research might well reveal that a lot of
trademarked products and services currently in use in the West
and other parts of the so-called developed world were actually
invented in India’s long-forgotten past. Google? Facebook?
Twitter? You name it, chances are ancient India invented it.
And perhaps the greatest invention that India can lay claim to is
invention itself. ‘Make in India’ is ne. But ‘Make up in India’
— as in make up inventions — is even better.

From The Times of India
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Admiral Arun Prakash, former CNS, gives his opinion that instead of merely moaning
about China’s ‘string of pearls’ and ‘maritime silk route’ strategies, India needs to craft

creative, dynamic and long-term maritime alternatives.

December 2004, a Sunday
morning, saw the calm in
Naval Headquarters (NHQ)
being shattered by ominous reports of
powerful seismic shocks and giant tidal
surges in our Bay of Bengal islands and
coastal areas. As the rst Indian Navy
(IN) warships and aircraft were being
despatched on relief missions, appeals for

assistance started coming from Sri Lanka
and the Maldives. Having assigned resources
to cope with the domestic emergency, NHQ
considered it equally imperative to rush aid
to the stricken neighbours.

Given the languid functioning of our
bureaucracy, a proposal of this nature could
have taken weeks or months to be processed
by the ministries of defence, external a airs

ivavul

and nance. To one’s utter amazement, the
national security adviser (NSA) accorded
instant approval on the phone, with the
words, “We will sort out the paperwork
on Monday”. Eighteen hours later, citizens
of Galle on the southern tip of Sri Lanka
awoke to see Indian warships, laden with
relief material, anchored o  the devastated
harbour.



ROLLS-ROYCE

11/20151



Fast-forward to 1 December 2014, a
decade later. | arrive in this picturesque
port town for the Galle Dialogue, to be
told by a Sri Lankan admiral, “People in
Galle remember the tsunami. If you tell
shopkeepers that you are from the IN, they
will not let you pay !”

Initiated by the Sri Lankan ministry of
defence in 2010, the annual Galle Dialogue
has gained in signi cance and momentum
with 38 nations, spanning the full alphabet
from Australia to Zambia, represented
at its fth edition. India was given due
prominence and the printed programme
showed Dr Ajit Doval, India’s NSA, as guest
of honour and keynote speaker, with the

rst two sessions being chaired by Indians;
one of them being the vice chief of naval
sta (VCNS).

The NSA’s oration on regional
maritime security issues was heard with
rapt attention and drew applause as he,
tactfully, mentioned the early contributions
of Sri Lankan statesmen towards creating
an Indian Ocean zone of peace. e anti-
climax came when it was discovered that
the Indian VCNS had not arrived on the
expected ight. e hosts, too polite to
pose awkward questions, quietly found a
substitute to chair the session. e Galle
Dialogue 2014, thus, saw participation
by the commander of the Pakistan Fleet,
the deputy Chief of Sta of the PLA Navy
(PLAN) and a dozen other ago cers, but
the IN invitee was absent, leaving many
questions hanging in the air.

The whispered explanation, when it
came, was on entirely predictable lines;
apparently, an MoD functionary had
turned down, at the last minute and for
reasons unknown, the participation of the
VCNS. One felt a sense of déja vu because
the all-powerful and non-accountable
MoD bureaucracy has a known penchant
for sitting on les till the 11th hour, and
then whimsically approving or, more often,
rejecting the proposal. It is in the latter
context that a recent Indo-Sri Lankan
diplomatic spat assumes signi cance.

During September-October 2014,
Chinese submarines, accompanied by
support vessels, docked in Colombo Port
on two occasions. s peacetime transit
and replenishment of a submarine was
described, both by the Chinese and the
Sri Lankan governments, as “common
practice”. According to media reports, India
took umbrage and told Colombo that its

actions were of “serious concern to India’s
national security.”

However, a look at the past would show
that the episode called for quiet diplomacy
rather than public display of indignation.
While Sri Lanka’s victory over the LTTE
owes much to many nations, including
India, it was China’s military support that
stood out for scale and constancy. China
maintained bonded warehouses in Galle
which supplied arms and ammunition to
Sri Lankan forces on demand. Beijing also
provided heavy weaponry and ghters either
directly or through a willing Pakistan.

In comparison, India’s military aid to
Sri Lanka was slow and sporadic. South

of ‘strategic restraint’. Moreover, the
dissonance between the MEA, MoD
and NHQ has often thwarted the navy’s
endeavours to create strong bonds with
maritime neighbours. A peripatetic PM
Modi is, now, giving strong indications that
India’s foreign policy may be acquiring a
badly needed grand-strategic underpinning.

A practitioner of realpolitik, Sri Lanka
is not above playing one neighbour against
the other. But given its client status vis-a-
vis China, it may not have had the option
of denying entry to PLAN submarines.
However, Sri Lanka must not allow itself
to become China’s pawn, in total disregard
of neighbouring India’s strategic interests.
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Minister GL Peris, Defence Secretary Gotabaya Rajapaksa and Navy Chief Vice Admiral
Jayantha Perera with Dr Ajit Kumar Doval at the Galle Dialogue 2014 international
maritime conference at Galle.

Block remained hostage, not only to
blackmail by Chennai but also to its own
timidity, myopic vision and inertia. A saving
grace was the camaraderie, at senior levels,
of the Indian and Sri Lankan navies, which
enabled them to reach out across Palk Strait
in times of need. e IN tsunami-relief
operation helped to strengthen bonds.

Today, China’s role in transforming
this island nation, through massive loans
and creation of impressive infrastructure
is undeniable. India, on the other hand,
has been laggard in assisting Sri Lanka’s
development on a signi cant scale.

In the face of China’s advance into
the Indian Ocean, all that India has had
to offer, so far, is the vapid nostrum

VAYU

Countries in our immediate
neighbourhood, many of them island
nations, seek maritime security; sometimes
through direct naval presence, but more
often through urgent requests for material
aid, training assistance and advice. In this
context, rushing supplies of water to the
Maldives was a ne gesture, but setting up
a desalination plant will win us far more
goodwill.

Instead of merely moaning about
China’s “string of pearls” and “maritime
silk route” strategies, India needs to craft
creative, dynamic and long-term maritime
alternatives, like employing its Navy as the
potent “instrument of state policy” that it
is meant to be.
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President Barack Obama’s India Visit:
Key Areas of Agreement

S President Barack Obama made a second visit to India in his
presidency during 25-27 January 2015. In their joint statement
“Sanjha Prayaas, SabkaVikaas, Shared Effort, Progress For All’,
the US President and Indian PM Narendra Modi expounded
on their vision for bilateral relations between the two nations.
e breakthrough with regard to the controversial nuclear deal
and the Joint Strategic Vision for the Asia-Pacific and Indian Ocean
Region is considered as focal point of the joint statement released
by the MEA. Some of the key announcements are highlighted:

President Barack Obama inspecting the combined Guard of Honour at Rashtrapati Bhawan on 25 January 2015

On Defence Technology

e Leaders acknowledged the need for the two-way defence
engagement to include technology cooperation and collaboration,
co-production and co-development. To this end, the President
and the Prime Minister emphasised the ongoing importance of
the Defence Technology and Trade Initiative (DTTI) in developing
new areas of technology cooperation in the defence sector including
through co-development and co-production and the Prime Minister
welcomed the US Defence Department’s establishment of a

dedicated rapid reaction team focused exclusively on advancing the
DTTI. eLeadersexpressed con dence that continued the DTTI
collaboration will yield additional joint projects in the near future.”

Prime Minister Modi, speaking a day later at the India-US
Business Summit, declared that the framework for defence
cooperation between the US and India has been renewed for
another ten years. e defence technology and trade initiative
will also allow for joint development and production of new
defence technology. With the Government’s ‘Make in India’
campaign in full swing and an increase in FDI, the emphasis
on defence cooperation is signi cant.

On Civil Nuclear Cooperation

Noting that the Contact Group set up in September 2014 to
advance implementation of bilateral civil nuclear cooperation has
met three times in December and January, the Leaders welcomed
the understandings reached on the issues of civil nuclear liability
and administrative arrangements for civil nuclear cooperation, and
looked forward to US-built nuclear reactors contributing to India’s
energy security at the earliest.”

On Maritime Security
Prime Minister Modi and President Obama expressed satisfaction
overthee orts made by both countries to deepen cooperation in the
eld of maritime security, as re ected in the 2015 Framework for
the US-India Defence Relationship. To this end, they agreed that
the navies of both sides would continue
discussions to identify speci ¢ areas for
expanding maritime cooperation. ey
also reiterated their commitment to
upgrading their bilateral naval exercise
Malabar.”

The document on Jjoint Strategic
Vision for the Asia-Pacific and Indian
Ocean Region emphasised that “Regional
prosperity depends on security. We
affirm the importance of safeguarding
maritime security and ensuring freedom of
navigation and over ight throughout the
region, especially in the South China Sea.”

On Civil Aviation

e Leaders recognised the robust public-
private US-India civil aviation partnership
and agreed to continue working together
to identify emerging technologies and
build a larger commercial engagement
agenda through key events such as the 2015 U.S.-India Aviation
Summit and demonstration of advanced US technologies.”

“Rea rming their commitment to safety and security of civil
aviation, the United States and India will continue consultations
between the Federal Aviation Administration (FAA) and the
India Directorate General of Civil Aviation (DGCA) to ensure
international safety standards set by the International Civil Aviation
Organisation (ICAQO), with the aim of restoring Category | status
at the earliest possible time.”

12 Ivayu|
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Tri-service flypast over Rajpath

Seen to believe ! US-origin Boeing P-8I flanked by Russian-origin
MiG-29Ks, all of the Indian Navy

s the Chief Guest, President Barack Obama witnessed the
Republic Day parade on 26 January 2015, climaxed as always
bythe ypast. isyear'swasunique, beingthe rsttimeinadecade
that aircraft from all three services ew over Rajpath on R-Day.
e ypast began with helicopters: an ‘Ensign’ formation of four
IAF Mi-17V5 helicopters trailing the Indian ag and ensigns of
the three services led three Army Aviation Dhruv ALHs. After the
marching and tableaux and dancing troupes had nished their show,
three Mi-35 gunships ew over, followed by xed-wing aircraft :
three C-130J Super Hercules in Vic’ formation, followed by the
undoubted stars of the day, an Indian Navy P-81 anked by a pair
of Indian Navy MiG-29K ghters. e Naval trio was trailed by a
similar IAF mixed formation, asingle C-17 Globemaster Il anked
by a pair of Su-30MKiIs.

Sukhoi Su-30MKIs (photos by DPR MoD)

e ghter ypasts had two 5-aircraft ‘arrowhead’ formations:
No. 5 Squadron ‘Tuskers’ Jaguars came in rst, followed by ve
MiG-29s. e nal formation ypast consisted of three Su-30MKs,
which conducted a ‘Trishul” break in front of the reviewing dais as
they trailed white smoke. e climatic single Su-30MKI streaked
low and fast over Rajpath before conducting its signature ‘Vertical
Charlie’ manoeuvre and disappearing into the sky.

G Mohan Kumar co-chairs DTTI

he Government of India nominated Secretary of Defence

Production G Mohan Kumar to co-chair the Indo-US Defence
Trade and Technology Initiative (DTTI), alongside US Under
Secretary of Defence for Acquisition, Technology and Licencing,
Frank Kendall.

Over the coming years, the Indian Armed Forces are considering
procurement of some $8 billion worth of US defence products,
including 145 howitzers from BAE Systems for about $700 million,
22 Boeing Apache AH-64E attack helicopters for $1.4 billion, 275
F-125 aircraft engines for Jaguars for about $2 hillion, 50 F-404
aircraft engines for LCAs worth $250 million, four additional
Boeing P-8I aircraft for $1 billion, 15 Boeing Chinook CH-47F
heavy-lift helicopters for $1 hillion, and six more Boeing C-17
transport aircraft for $2 billion.

Russian Defence Minister
visits India

week before Mr

Obama’s arrival
in New Delhi, Russian
Defence Minister
Sergei Shoigu met
with Indian Defence
Minister Manohar
Parrikar at which time
they “re-a rmed their
commitment to the
long-standing friendship
and cooperation in
the area of Defence |
Cooperation” between
the two nations. Defence
cooperation with respect
to ongoing projects was reviewed, and both sides decided to hold
interactions regularly to adhere to deadlines.

With regard to the Fifth Generation Fighter Aircraft (FGFA)
Parrikar said, “We have decided to fast-track many of the issues,”
adding there was “apprehension” about the slow progress on
construction of the aircraft. According to sources, discussions were
also held on the Ka-226 light utility helicopter which has been
o ered for co-production in India.

e ‘Make in India’ policy was brought up where Russia’s
participation was requested. Parrikar said the government had
invited Russian companies to come to India for other joint projects,
speci cally production of spare parts for Russian-origin military
equipment in India, adding that the Indian Armed Forces had
“substantial” Russian (and Soviet) military equipment in service,
including heavy artillery, AFVs, warships, submarines and missiles.
An agreement on Flight Safety Exchange Information has been
signed which is critical considering that considerable numbers of
Russian-origin - ghters, helicopters and transport aircraft types are
operated by the IAF and IN.

Defence Ministers Manohar Parrikar
and Sergei Shoigu

14 Ivavyul
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Revised Defence Procurement
Policy (DPP)

peaking at the ‘Vibrant Gujarat’ summit in Gandhinagar on
11 January, Defence Minister Manohar Parrikar stated that a
revised Defence Procurement Policy (DPP), incorporating various
changes, along with a clear priority on development of the domestic
defence industry plus a faster acquisition process, would be issued
“within three months”. A draft of the changed policy is already under
review prior to being sent to the Cabinet for approval. In addition,
it is understood that the revised DPP will include provisions to
encourage private sector participation in defence manufacturing.
e Defence Minister also stated that the government was open
to reviewing all cases of ‘blacklisted’ defence rms and has already
partially lifted a ban on Tatra trucks. He said the reforms are “in the
interest of the armed forces” and that based on merit and necessity,
the government can consider lifting bans or imposing reasonable
restrictions, “after proper veri cation.” e MoD is also preparing
a new policy that will allow foreign defence companies to legally
employ ‘agents.’

Defence Minister on the MMRCA

Dassault Rafale B at Aero India 2013 (photo : Angad Singh)

n his rst media meeting on eve of the New Year, Defence

Minister Manohar Parrikar referred to delays experienced
in the IAF’s medium multirole combat aircraft (MMRCA)
programme. For some time, there have been reports on issues
including accountabilities at the production phase, with Dassault
‘uncomfortable’ with providing ‘guarantees’ for the performance of
HAL as prime integrator in the project. Inthe rst phase, 18 Rafales
would be supplied to the IAF as‘ y aways’ by Dassault followed by
108 to be produced by HAL in phased manner but the OEM has
expressed reservations in this regard.

In his television interview on 12 January, the Defence Minister
went further in stating that “should complications in the Rafale
negotiations not be resolved”, the Su-30MKI o ered “a viable
alternative”, given that HAL is currently upgrading the ghter with
advanced avionics and EW Systems. He continued, “Su-30 choice
is always there : what | mean to say is upgrade the Su-30, make it
more capable”. On the Rafale, Mr Parrikar declined to reveal the
actual costs but stated, “Whether it is Rs 40,000 crore, or Rs 50,000
crore or Rs 1 lakh-crore, we are speaking about 50 per cent of the

Mr Manohar Parrikar seen with Air Chief Marshal Arup Raha and
Air Marshal SS Soman during his visit to AFS Hindan

capital budget of the defence services”. He revealed having been in
touch with his French counterpart Jean-Yves Le Drian and that India
was awaiting an “empowered” delegation to resolve the imbroglio.

DAC clears proposals worth
Rs 4,444 crore

O n 17 December 2014 the Defence Acquisition Council (DAC),
chaired by Defence Minister Manohar Parrikar, approved
proposals worth Rs 4,444 crore, but continued to defer any decision
on the ‘Avro replacement’ programme which has been jointly
proposed by Tataand Airbus. e partners have proposed the Airbus
Defence & Space C-295 tactical transport aircraft, 16 of which
would be procured directly from Airbus with the remaining 40 to
be built by Tata at their Hyderabad facility. e DAC reportedly
sought further elaboration on the requirement itself.

e DAC approved purchase of four helicopters for survey
vessels at Rs 2,324 crore, cleared the upgradation of the mobile
integrated electronic warfare system Samyukza at a cost of Rs 1,682
crore, authorised purchase of P-7 Heavy Drop parachute systems
for Rs 402 crore, and gave a go-ahead to acquire engines worth
Rs 36 crore for Coast Guard OPVs.

Indian Navy selects Sikorsky S-70B

ikorsky’s S-70B Seahawk has been selected by the Indian

Navy to meet its Multi-Role Helicopter (MRH) requirement.
Sikorsky’s commercial bid was opened at the Ministry of Defence
on 4 December (‘Navy Day"), following which would be contractual
negotiations for the procurement of 16 S-70Bs to the Indian Navy,
with options on a further eight helicopters. e contract will also
include a comprehensive logistics support and training programme.

is type will nally replace the Indian Navy’s long-serving Sea
King eet, for which the replacement programme has now been
ongoing for a decade.
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e Seahawks will be employed in the anti-submarine and
anti-surface warfare roles, serving both from warships and land
bases. Installed mission equipment will include a 360° maritime
search radar, air-to-surface missiles, sonar and torpedoes. President
of Sikorsky’s defence business, Sam Mehta has said that company’s
0 erto Indiawould be similar to the teaming model used in the sale
of 109 S-70s to Turkey. e Indian Navy’s long term requirement
involves more than 120 additional maritime helicopters.

First Series Production LCA

handed over

n 17 January 2015, Defence Minister Manohar Parrikar

formally handed over the rst series production (SP-1) Tejas
light combat aircraft to the Indian Air Force in a quiet ceremony
at HAL Bangalore. Air Chief Marshal Arup Raha, Chief of the Air
Sta received the aircraft documents from the Defence Minister in
presence of HAL Chairman Dr RK Tyagi but unusually, attendance
and coverage of the event was entirely restricted.

LCA LSP-4 (KH2014) flown by Gp Capt Suneet Krishna at the SP-1
handing over event at Bangalore (photo: HAL)

Tejas SP-1 (LA5001) ew for the rsttime on 1 October 2014
(see Vayu V1/2014), piloted by Air Commodore KA Muthana,
but presently remains in the initial operational clearance (I0C)
con guration. Final Operational Clearance (FOC) is not expected
for at least another year while this variant of the aircraft is also
without the latest electronic warfare suite, which was only recently
integrated into one of the LCA development aircraft (see item in
this Issue), mid-air refuelling and BVR capabilities, all of which are
expected to be incorporated by the time FOC is achieved.

ﬁww@m R, .:

The Defence Minister, Air Chief, HAL Chairman and others at the LCA SP
handing over (photo : HAL)

Speaking at the ceremony, the Defence Minister congratulated
HAL and everyone involved in the project, but also called upon
programme stakeholders to think “out of the box” to meet future
time-line challenges by applying the right management tools.
“ rust should be given on research and technology by exploiting
the existing knowledge base which companies like HAL have,” he
said. “Although one does not achieve everything overnight. However
by modifying our work culture and by adopting better technology
and tools we can achieve the results better.”

e Air Chief pointed out that the LCA is “need of the hour,”
given the IAF’s operational requirements, and said he looked forward
to commissioning of the rst Tejas squadron (reportedly No.45).
HAL Chairman Dr RK Tyagi called the historic event “one of the
major milestones in history of HAL”, however, he also admitting
that the programme had achieved only “60% indigenisation” thus
far. He committed to manufacturing six series-production standard
aircraft in 2015, and subsequently scaling this up to 8 and then 16
aircraft per year.

N-LCA makes first ski-jump launch

n 20 December 2014 the sole LCA (Navy) prototype

KHN-T-3001 (NP-1) successfully launched o  the ski-jump
at the Shore Based Test Facility (SBTF) at INS Hansa, Goa.  is
marked rst time that the N-LCA was operated from the ski-jump
of the SBTF, which replicates the deck layout of aircraft carrier
INS Vikramaditya, as well as INS Vikrant (IAC-1), which is still
under construction at Cochin Shipyard Limited.

Piloted by Commaodore Jaideep Maolankar, Chief Test Pilot
of the National Flight Test Centre, the aircraft reportedly had
“a perfect ight, performing better than predicted.” Dr Avinash
Chander, then SA to RM, Secretary DDR&D and DG DRDO,
congratulated the LCA Navy programme team after the launch.
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Indigenous OBOGS and EW
Suite for Tejas

F

n indigenously developed Integrated Life Support System

(ILSS) based on the On-Board Oxygen Generating System
(OBOGS), designed for the Tejas LCA was handed over by Dr
VC Padaki, Director DEBEL (Defence Bio-medical and Electro-
medical Laboratory) to Dr PS Subramaniam, Programme Director
(Combat Aircraft) ADA on 29 December 2014. Also present at the
ceremony were Dr K Tamilmani, DG Aeronautical Systems and
Dr Manas K Mandal, DG Life Sciences (see above).

Developed by DEBEL, the ILSS-OBOGS addresses the
need for preventing in- ight hypoxia (oxygen deprivation) and
‘G-force induced Loss Of Consciousness’ (G-LOC) during high-G
manoeuvres. Designed for the con ned space available in the LCA,
this OBOGS replaces the previous liquid oxygen (LOX) based system
by utilising bleed air from the engine and separating oxygen by a
process called Pressure Swing Adsorption (PSA). e OBOGS
o ers unlimited endurance unlike LOx systems that are limited by
oxygen storage capacity. It also improves safety, reduces logistics
and signi cantly lowers operational costs.

e ILSS-OBOGS will now undergo ground trials on the Tejas,
followed by ight clearance, and the system can also be customised for
other IAF  ghtersincluding the MiG-29, Su-30MKI and Mirage 2000.

Meanwhile, an advanced electronic warfare (EW) suite
developed by the Defence Avionics Research Establishment
(DARE), ew forthe rsttime on board LCA PV-1 (KH2003) on
10 January 2015 at Bangalore. e equipment was “noted to be
detecting radar emissions operating in and around the ight path
during the test”. In addition to a Radar Warning Receiver (RWR),
the EW suite is also equipped with a self-protection jammer, which
is capable of jamming radar threats detected by the RWR.

Mi-26 ot new Kedarath landing ground

An IAF Mi-26 heavy lift helicopter landed for the rst time
at Kedarnath in Uttarakhand on 6 January, the new landing

(photo : Nehru Institute of Mountaineering)

ground built to facilitate swifter reconstruction of the town,
which was devastated in mid-2013. e pace of rebuilding has
been hampered by relative inaccessibility of the location, but
establishment of this “air bridge’ will now allow hundreds of tonnes
of equipment and material to be air transported swiftly to the area.

IAF flies potable water to the Maldives

n swift response to the national crisis faced by the Maldives

following shutting down of desalination plants following a re
incident in the capital city of Malé, Indian Air Force transport
aircraft ew to the Maldives with consignments of potable water
to meet immediate needs of the population. Maldives, an island
nation in the Indian Ocean, has no natural freshwater sources and
relies entirely on treated seawater.

Indian Air Force C-17 at Male in the Maldives

Five aircraft were involved, including two C-17 Globemaster
I11s and three 1I-76MDs which delivered 153 tonnes of water on 5
December 2014, while another three aircraft, two C-17s and one
1I-76MD, ew in with 130 tonnes on 6 December. A third load of
around 130 tonnes was delivered on 7 December.

Commissioning of CGAS 743

he Coast Guard’s newest xed-wing squadron, CGAS 743
operating HAL-Dornier 228s along with Air Enclave (CGAE)
at Bhubaneswar were commissioned by Vice Admiral Anurag G
apliyal, DGCG on 15 December 2014. CGAE Bhubaneswar is
commanded by Commandant Rajeev Saini and 743 Squadron by
Commandant Pradeep Sundriyal. e units will operate under the
operational and administrative control of the Commander, Coast
Guard Region (North East) through the Commander, Coast Guard
District No. 7 (Odisha).

Coast Guard HAL-Dornier 228 at Chakeri, Kanpur where the type is built

20 Ivayul|



AVIATIONEDE
nlhdia

RUSSIAN HELICOPTERS

11720151 21



AV @Tﬂf&'EFEINl@E
nlndia

CGAE Bhubaneswar was formally activated on 10 April 2013
and since then has been engaged in undertaking air surveillance in
the area, augmenting Coast Guard operations along the northern
Bay of Bengal with area of responsibility of over 150,000 sq km
of the Indian Exclusive Economic Zone. CGAS 743 has started
operations with two HAL-Dornier 228 maritime patrol aircraft.

" e -/

HAL and IAF “are conjoined twins
Air Chief Marshal Arup Raha and HAL Chairman Dr RK Tyagi
stated that the Indian Air Force and HAL “are conjoined
twins” and that “they will continue to complement each other” in
India’s defence preparedness. ey were speaking at the 8" Air Chief

Marshal LM Katre Memorial lecture at Bangalore on 29 November
2014 (see picture).

Dr Tyagi stated that HAL was gearing up to emerge as a
technology-driven company. “We have taken several measures
on R&D such as ensuring funds to the tune of 10 % of pro ts,
registering patents (430 plus at present) to protect intellectual
property. We are contemplating developing aero-engines with
the help of DRDO and BHEL,” and added that “a platform for
collaborative promotion and development of new and emerging
technologies in the eld of aerospace needs to be anchored around
the technology roadmap of the Indian Air Force.”

50 years of HAL Koraput

Speaking at the Golden Jubilee Celebrations of HAL's Koraput
Division on 6 December 2014, Air Chief Marshal Arup Raha
suggested that Koraput emerge as the ‘aero engine capital of India.’

e Air Chief inaugurated a two-day national seminar on ‘Emerging
trends in aero-engine architecture and self-reliance’ as also an
indigenisation and out-sourcing exhibition. e two-day seminar
focused on topics such as advanced gas turbine engines for combat
aircraft, developments in fourth and  fth generation engines, aero-
engine applications in the context of advanced magnesium alloys
and technology challenges in developing aero-engines.

Dr K Tamilamani, Director General (Aeronautics), DRDO
insisted that e orts must be made to produce an indigenous engine
as import dependence “costs the country heavily.” Given the
infrastructure already in place at HAL, he said that a concerted e ort
with proper regard to time lines was necessary. Mr S Subrahmanyan,

HAL Koraput is presently manufacturing the AL-31FP
engine for the Su-30MKI

Managing Director HAL’s MiG Complex outlined the growth and
contribution of the Koraput Division. Since April 1964, the Koraput
Division has manufactured and overhauled R-25, R-29B, RD-33
and AL-31FP engines to power the MiG-21, MiG-27, MiG-29 and
Su-30MKI aircraft families respectively. Over course of the last 50
years, the Division has manufactured a total of 1,574 aero engines
engines and overhauled 7,417.

HAL Koraput is presently augmenting its capacity for
manufacture and overhaul of larger numbers of AL-31FP engines,
and overhaul of RD-33MK engines. In addition, the Division is
in the process of establishing manufacturing facilities for AL-55I
engines for the HJT-36 Intermediate Jet Trainer (1JT) and the High
Altitude Test Bed facility.

Indian-Chinese Border meeting

meeting was held on New Year’s Day 2015 between Indian

Army and Chinese PLA personnel, the two delegations
meeting on the Chinese side of the Line of Actual Control in the
Chushul sector of Ladakh.  is meeting suggested an improvement
of relations between border forces along the LAC and included
speeches which re ected “a mutual desire for maintaining and
improving relations at the functional level on the border”.

Brigadier JKS Virk and Colonel Fanjun during the meeting
in eastern Ladakh
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BRO under MoD

he Border Roads Organisation (BRO) will function under

the Ministry of Defence from the next Financial Year. So far
funded by BRO the Ministry of Road Transport and Highways,
BRO undertakes tasks assigned by the Ministry of Defence but this
dual control of BRO is “one of the principal reasons behind non-
availability of funds and the organisation’s lack of performance.” BRO
has failed to meet the deadlines in 73 strategic road projects on the
India-China border, which were cleared by the Cabinet Committee
on Security in June 2006. Also, as part of the re-structuring, around
6,000-7,000 km of nonsensitive roads in border areas will be handed
over to the National Highways Authority of India.

India-Mongolia joint Army Exercise

he tenth India-Mongolia joint training exercise ‘Nomadic

Elephant commenced at Gwalior on 23 January 2015, with
aim of the platoon-level exercise being “to acquaint both armies
with each other’s operating procedures in the backdrop of a counter-
insurgency and counter-terrorist environment”.

e Mongolian contingent was from the 84" Airborne Special
Forces Battalion, which participated alongside an Indian infantry
platoon over 15 days. e exercise involved special helicopter
operations, water patrolling, handling and neutralisation of IEDs
and conduct of cordon and search operations, “while serving in
peacekeeping missions under a United Nations mandate”.

India and Vietnam to
strengthen military ties

I ndia and Vietnam are seeking to further enhance bilateral military
cooperation, holding a strategic defence dialogue in New Delhi on
16 January 2015. Deputy Defence Minister Senior Lt Gen Ngyyen
Chi Vinh led the Vietnamese delegation, while the Indian side was
headed by Defence Secretary RK Mathur. Lt Gen Vinh also called
on National Security Advisor Ajit Doval and Army Chief General
Dalbir Singh Suhag.

Su-30MK2 of the Vietnam People’s Air Force

Although details of the meeting are not revealed, it is understood
that critical issues relating to military matters in South and South-
East Asia were discussed, along with proposals for defence exports to
Vietnam and training of Vietnamese military personnel. Vietnam
is reportedly to procure four patrol vessels under a line of credit
extended by India, the ships intended to monitor Vietnamese
territorial waters. India is already training Vietnam Navy personnel
on Russian-origin Kile-class submarines operated by both forces.
Importantly, discussions have been held for the training of Vietnam
Air Force personnel on the Sukhoi Su-30MK2, a variant of the MKI
operated by the IAF.

First HAL-overhauled Su-30MKI

AL delivered the rst overhauled Su-30MKI (SB027) to the

Indian Air Force at HAL Nasik on 9 January 2015. Defence
Minister Manohar Parrikar handed over acceptance certi cates of
the overhauled aircraft as well as the 150th Su-30MKI (SB190),
manufactured by HAL to Air Chief Marshal Raha. Speaking on
the occasion, the Defence Minister lauded e orts made by HAL
in absorbing technology and described the Nasik employees as
“excellent and motivated,” and urged them to keep up their work
towards increasing production capacity. e CAS said that the

Indian Air Force and HAL are “inter-dependent” and the 1AF
would continue to depend heavily on HAL heavily in the future.

File picture of IAF Sukhoi Su-30MKI (by Simon Watson)

Dr RK Tyagi, Chairman HAL stated that the company would
“act as a single-window OEM for supporting the Su-30MKI eet”
and was con dent that eet serviceability could be improved. e
Su-30 overhaul facility at HAL Nasik is the only one of its kind in
the world, and Dr Tyagi feels it has “export relevance” since nearly
10 countries operate the Su-30.
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CAS inaugurates new IAF Pilot
Selection System

ir Chief Marshal Arup Raha inaugurated the new Computerised

Pilot Selection System (CPSS) on 28 November 2014 at No. 2
Air Force Selection Board (AFSB), Mysore. e new CPSS replaces
the earlier Pilot Aptitude Battery Test (PABT) that has been used for
decades. e CPSS was conceived by the then-Scienti ¢ Advisor to
PM, Dr APJ Abdul Kalam, with the means to adopt better tools for
Pilot Aptitude Test in consonance with modern aircraft being acquired
by the IAF. e project was also aimed at addressing the issue of the
alarming rate of ying accidents in the 1AF attributed to pilot error.

CPSS has been jointly developed by the Defence Institute of
Psychological Research (DIPR) and the Air Defence Establishment
(ADE). The new selection system places special emphasis on
psychomotor skills and cognitive abilities of the candidates while
screening them for selection into the ying branch of the IAF. e
computerised pilot selection system ensures objectivity in results
and uniformity in the degree of di culty faced by the candidates.

CAS visits Indonesia

Air Chief Marshal Arup Raha visited Indonesia 23-26 November
onan invitation from Air Chief Marshal Ida Bagus Putu Dunia,
Chiefof Sta Indonesian Air Force, the rstvisit by an Indian CAS
to Indonesia in over a decade. is follows the summit meeting
between Indonesian President Joko Widodo and Prime Minister
Narendra Modi at the East Asia Summit in Nay Pyi Taw, Myanmar,
during which enhancement of defence cooperation was one of the
key points of discussion.

Air Chief Marshal Arup Raha with the Base Commander at Yogyakarta
and pilots of the Indonesian Air Force ‘Jupiter Aerobatics team:.

e Indonesian Air Force has expressed interest to increase
scope of cooperation with the IAF through greater interaction in
the future. General (retd) Ryamizard Ryacudu, Indonesian Minister
of Defence was “appreciative” of ongoing initiatives in the eld of
“defence cooperation” and underlined the immense potential for
further engagement between the two Armed Forces.

Air Chief Marshal Raha also visited Indonesian aircraft
manufacturer PT Dirgantara at Bandung and saw production
and maintenance facilities, complimenting PTDI for their e orts
on indigenisation. During his visit to the Indonesian Air Force
Academy at Yogyakarta, the IAF CAS addressed cadets at the
interacted with the Jupiter Aerobatics Team which 'y the Korean
KT-1 basic trainer. (7be Indian Air Force had trained large numbers
of Indonesian cadets in the 1950s at various facilities in India : Ed).

127th NDA Course Passing Out Parade

G eneral Dalbir Singh, Chief of Army Sta , reviewed the passing
out parade of the 127th National Defence Academy Course
at Khadakwasla on 29 November 2014. 355 cadets graduated
from the Academy, and included ten cadets from Tajikistan and

ve from Afganistan. In his address, the COAS congratulated the
future leaders of armed forces and their parents on the occasion
and explained the relevance of ‘thinking soldiers’ in the present day
scenario, yet reiterated that the fundamentals of drill and inculcation
of discipline can never be undermined.

A ypast by Mi-17V5 helicopters followed by three Super
Dimonaaircraft, each in ‘vic’ formation, and agrand nale by three
Su-30MKis climaxed the event.

Record citations for the Sikh Regiment

he Sikh Regiment set a record on Army Day 2015 (15 January),

with six of its units being awarded Chief of Army Sta  Citations
and Army Commander’s Appreciations, the highest number of
such awards given to any regiment inasingle year. e honours are
granted in recognition of outstanding achievements in the face of
enemy action, in aid to civil authorities and in sustained exceptional
performance over the course of a calendar year. e units awarded
are: 6 Rashtriya Ri es (Sikh) for outstanding achievement in
counter-terrorism/counter-insurgency operations, 4 Sikh, 10 Sikh,
14 Sikh, 157 Infantry Battalion (Territorial Army, Sikh) and the
Sikh Regimental Centre.

In mid-2014, the number of battalions of the Sikh Regiment
was increased by one more (the 23') at which time Colonel of the
Regiment Lt Gen GS Shergill commemorated the event at the
Regimental Centre at Ramgarh, with a special ‘Sainik Sammelan’.
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The Sikh Regiment contingent on parade in Delhi during Army Day 2015
(photo: Angad Singh)
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INS Arihant SSBN
commences sea trials

n a major step toward validation of such advanced defence

technologies, the Indian-built nuclear-powered ballistic missile
submarine INS Arihant completed its harbour trials and set out for
sea trials from Visakhapatnam harbour on 15 December 2014 (see
article in this Issue).

Built under the classi ed Advanced Technology Vessel (ATV)
project monitored directly by the Prime Minister's O  ce, the 6,000
tonne nuclear-powered submarine emerged from the breakwaters of
the Visakhapatnam harbour, monitored by a low ying helicopter
and sailed into the Bay of Bengal as part of its sea trials, traveling
north along the coast before heading out into open waters.

Cochin Shipyard launches 13" FPV

n 17 January 2015 Cochin Shipyard (CSL) launched the 13t

Fast Patrol Vessel (FPV) of a series of twenty being built for the
Indian Coast Guard. e vessel, formerly known by its yard number
BY-513, was named ICGS Anmo/ and launched at a ceremony at
CSL. CSL has so far delivered 10 FPVs and the eleventh is getting
ready for sea trials. e tenth vessel, ICGS Amogh, was handed
over to the Indian Coast Guard on 9 January 2015. e same yard
is constructing the Indigenous Aircraft Carrier (INS Vikrant), for
the Indian Navy.

ICGS Sankalp on extended

overseas deployment

he Goa Shipyard built-Indian Coast Guard Ship Sankalp, an
advanced O shore Patrol Vessel (OPV) undertook an overseas
deployment of 32 days in November-December 2014, the vessel
sailing to Singapore, Australia and Indonesia as part of international
cooperation through exchange of information and bilateral exercises.
is deployment was the rst ever Australian port call from an
Indian Coast Guard vessel, the ve-day visit being “to strengthen the
expanding maritime cooperation between the two nations”. e visit

highlighted a common interest in combating maritime threats in
the region, search and rescue, marine pollution control, curbing of
transnational crime and illegal shing.
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Atlas Elektronik to deliver six ACTAS
towed sonars for Indian Navy

tlas Elektronik and the Indian MoD have signed a contract for

delivery of six active towed array sonar systems (ACTAS) for
the Indian Navy, the contract value being some EUR 40 million
with delivery of the rst system is planned for 2016.

ACTAS operates in the low-frequency range and permits
observation of the sea space at ranges in excess of 60 kilometres,
depending on the sound propagation conditions of the water.

e performance of ACTAS delivers to warships an exceptional
operational range advantage over the radars and weapons systems
employed by submarines. ACTAS can also locate and track surface
vessels, which permits reconnaissance of both submarines and ships
in the same sonar search area.

Vistara begins scheduled services

he Tata-Singapore Airlines joint venture carrier Vistara,
launched scheduled services on 9 January with its rst ight
(UK 890) from Delhi to Mumbai. Vistara is the third full-service
carrier in the country, after Air Indiaand Jet Airways. e launch of
this new airline also marks re-entry of the Tata Group in the airline
business after six decades. e group also holds a 30 per cent stake
in the domestic arm of the Malaysian budget airline AirAsia India.
Vistara had applied to the Directorate General of Civil Aviation
(DGCA) for the ying permit in April 2014 but was granted this
in late 2014. Vistara, which uses two leased A320s presently, will
operate these con gured with 148 seats: 16 in business class, 36
in premium economy and 96 in economy. According to a plan
submitted by the airline to the DGCA, Vistara intends to operate a
total of 87 ights from its Delhi base to Goa, Mumbai, Bengaluru,
Ahmedabad, Hyderabad, Chandigarh, Srinagar, Jammu and Patna
by the end of its rst year of operations.
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Air India registers profit

Declining fuel prices and a 13.5 per cent increase in passenger
revenue (net revenue increase of 6.5 per cent) saw Air India
register a modest pro t of Rs 14.6 crore in December 2014. s
marks the rst pro table month for Air India in the past calendar
year. By comparison, Air India had posted a loss of Rs 168 crore
in December 2013.

VIP-configured Superjet 100
in India
On 12 December 2014, during an Indo-Russian Summit
aimed at “strengthening bilateral relations between the two
countries”, the Sukhoi Superjet 100 aircraft in VIP con guration
was presented by Russian Deputy Minister of Industry and Trade,
Yury Slyusar and the President of United Aircraft Corporation
(UAC), Mikhail Pogosyan at New Delhi International Airport.
“Sukhoi Civil Aircraft Company have been evaluating the
Indian market for the Sukhoi Superjet 100 aircraft and assess the
requirement as 50 aircraft until 2030, according to them.

Two days prior to the presentation, members of the Russian
delegation headed by the Minister of Industry and Trade of the
Russian Federation Denis Manturov ew to Delhi aboard the same
aircraft for participation in the Summit. e aircraft operated non-
stop from Moscow to New Delhi, covering a distance of 4,738 km
in 6 hours and 5 minutes, making this the longest passenger ight
operated by a production Sukhoi Superjet 100 aircraft.

The Sukhoi Superjet 100 at India Aviation Show, Begumpet
(Hyderabad) in 2012 (photo : Angad Singh)

Spicelet’s revival plan

he Government of India has approved the low cost carrier
Spicelet’s “reconstruction and revival” plan.  is was submitted
to the Civil Aviation Ministry by new investors including the
airline’s co-founder Ajay Singh, and the ministry has referred to his

plan to infuse Rs 1,500 crore by end March 2015 along with new
owners to stock market regulator Securities and Exchange Board of

India (Sebi). e airline’s new owners, taking over from Kalanithi
Maran, will hold about 59% stake in the company.

However, while SpiceJet’s current eet consists of 19 Boeing
737s along with 15 Bombardier Q400s, some lessors are reportedly
terminating the lease agreements currently with Spicelet.
Meanwhile, SpiceJet COO Sanjiv Kapoor has stated in a tweet : “...
company is changing hands and being recapitalised, this will take
care of legacy issues. We are working on it 24x7.” e company has
restarted scheduled services and has registered a 6.6% rise intra .

Maiden flight of the ‘Panchi’

anchi, a wheeled variant of DRDO’s Nishant UAV, which is

designed for takeo / landing from small airstrips instead of a
dedicated launcher, made its maiden ight on 24 December 2014.
Lasting about 20 minutes, the rst ight was preceded by a series
of high-speed taxi trials. e Panchi UAV retains surveillance
capabilities of the Nishant, but will have longer endurance, as it
does not have to carry the air bags and parachute recovery system
required by the Nishant.

Dr K Tamilmani, DS and DG Aeronautical Systems said that
“aggressive e orts” by the ADE team over the past 8 months had
led to the successful ight. e Indian Army has already inducted
the Nishant as a multi-mission UAV with day/night all-weather
operational capability, designed for battle eld surveillance and
reconnaissance, target tracking and localisation, and artillery

re correction. e UAV has a jam resistant command link and

digital down link for transmission of imagery. It also incorporates
autonomous ight capabilities.
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Canisterised Agni 5 ICBM test fired

ndia’s Agni 5 Inter Continental

Ballistic Missile (ICBM) was
successfully test fired from a
canister on 31 January 2015 at
0809 hrs, the missile after launch
following its predetermined path
during which the second, all
composite light-weight motor,
followed by the third, innovatively
designed conical all-composite
rocket motor propelled the missile
into space taking it to a height of
more than 600 km. e missile,
after reaching its peak trajectory,
turned earthward to continue
its descent towards the intended
target with speed now increasing
owing to the earth’s gravitational
pull, its path precisely directed by
the advanced on-board computer
and inertial navigation system.

Agni 5 impacted on target as Agni 5 lifts off on launch
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determined by the modern micro inertial navigation system (MINS),
fully digital control system and advanced compact avionics, tracked
and witnessed by ships located in midrange and the target point.

is was Dr Avinash Chander, outgoing SA to RM, Secretary
DDR&D and DG DRDO’s lastday ino  ce, who said that “this was
a copy book launch” with the entire command network operating in
loop. He was obviously jubilant when he stated “this isa momentous
occasion. It is India’s rst ever ICBM launch from a canister and
is a giant leap in country’s
deterrence capability”.

e earlier two ights of
Agni 5, also fully successful,
were in open configuration
and had already proved the
missile. This launch from a
canister integrated with a mobile
sophisticated launcher, wasin its
deliverable con guration which
enables launch of the missile
with very short preparation
time and also has advantages
of higher reliability, longer
shelf life, less maintenance and
enhanced mobility.

Avinash Chander’s last hurrah !
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1000 kg guided glide bomb

1000 kg glide bomb designed and developed by the DRDO

was successfully tested on 19 December 2014 in the Bay of
Bengal o the coast of Odisha. e bomb which was dropped by an
IAF aircraft and guided by the on board navigation system, glided
for nearly 100 km before hitting its target, with ight of the glide
bomb monitored by radars and electro-optic systems stationed at
the Integrated Test Range (ITR). e complete avionics package
and navigation system has been designed and developed by Research
Centre Imarat (RCI).

CIINCA strategy to accelerate
‘Make in Indid’ drive

ith increasing focus on achieving self-reliance in defence,

Confederation of India Industry’s National Committee on
Aerospace (CIINCA), under the Chairmanship of Dr RK Tyagi,
Chairman HAL, deliberated on various strategies for the aerospace
sector in its second meeting on 18 December 2014.

Key issues discussed during this maiden meeting were strategies
on import substitution, proposals on taxation, collaboration with
foreign OEMs, developing supply chain, promoting Indian Tier-1,
Tier-2 companies and SMEs through structured programmes were
discussed further by the leaders from national and international
companies including Saab India, Safran India, Mahindra Aerospace,
Raytheon, Maini Aerospace, Rolls-Royce India and others.

Indra to modernise air control

centre in Delhi

he Airports Authority of India (AAI) has contracted Indra
Sistemas to modernise Delhi’s air control centre, one of the
most important in the country, which manages one of the busiest air
tra careas in India including at New Delhi international airport.
e rmwill now provide 140 controller positions and an advanced
automated air tra ¢ management system for Delhi’s approach and
route centre, which will enable operators to have an integrated view
of all aircraft movements in the airspace under their responsibility.
It will also detect potential route con icts and calculate possible
alternatives. Additionally, it will expedite coordination with other
control centres and facilitate communication with pilots. Indra also
recently completed and handed over the Calcutta control centre to
AAI and this centre is already using the company’s technology to
manage tra c in the region.

BHEL, MIDHANI and HSL
co-operate on P-75(1) project

hree state-run companies—Bharat Heavy Electricals Ltd,
Mishra Dhatu Nigam Ltd and Hindustan Shipyard Ltd—have
formed a consortium for indigenous submarine production. e
consortium will jointly stake claim with the Ministry of Defence for

being considered as a prospective bidder for the proposed P-75 (1)

project of the Indian Navy for building six submarines at an Indian

shipyard. A memorandum of understanding was signed by the three
rms on 26 December 2014.

e Indian government has decided to build six submarines
domestically at a cost of about Rs 50,000 crore. BHEL has ve
decades of experience in design, development and manufacture
of a variety of equipment for crucial infrastructure sectors, while
HSL is engaged in shipbuilding, repairs and submarine retro tting.
MIDHANI is a defence PSU engaged in development and
manufacture of alloys and special-purpose steel for applications in
defence, aerospace and atomic energy.

Tata-Lockheed Martin
Aerostructures facility

team of senior Lockheed Martin executives led by Patrick Dewar,

Executive Vice President, Lockheed Martin International,
visited the Tata-Lockheed Martin Aerostructures Limited (TLMAL)
facility in Hyderabad on 21 January to inspect C-130J components
manufactured there as well as to tour the TLMAL site.

Patrick Dewar (4th from left) with Tata and Lockheed Martin executives
at the TLMAL facility in Hyderabad

Set up in 2012, TLMAL manufactures airframe components
for the global supply chain of the C-130J Super Hercules, and won
an award for ‘best joint venture’ at the 2013 Aerospace & Defence
Awards. Tata Advanced Systems holds a 74% stake in the joint
venture, with Lockheed Martin holding the remaining 26%.

Dewar praised the partnership, saying that the success of the JV
had “strengthened” Lockheed’s relationship with Indian military
customers and “reinforced the company’s commitment to and
partnership with Indian industry”. Lockheed Martin has already
supplied six C-130J Super Hercules aircraft to the Indian Air Force,
and has signed a follow-on agreement for six more, to be based at
Panagarh in West Bengal.

Agni 4 successfully tested

he 4000 km-range ballistic missile Agni 4 was successfully
launched from Wheeler Island o the Odisha coast on 2
December 2014. Long-range radars and Electro-Optical Tracking
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Systems (EOTS) located along
the coast tracked and monitored
all missile parameters throughout
the flight, which was the fourth
successful launch in a sequence.
The launch operations were
carried out by the Strategic Forces
Command (SFC) and witnessed
by senior DRDO officials. Agni
4 is equipped with contemporary
avionics, including a 5" generation
onboard computer, distributed
architecture, a highly accurate Ring
Laser Gyro (RLG) based Inertial
Navigation System (INS) supported
by redundant, highly reliable Micro
Navigation System (MINGS),
ensuring a low CEP (Circular Error
Probability). The missile’s heat
shield is capable of withstanding
temperatures over 4000°C during
re-entry, and ensures that avionics
function normally, with internal

temperature remaining under 50°C.

GSAT-16 successfully launched

fter two launch deferments owing to bad weather, India’s
latest communication satellite, GSAT-16, was placed into
orbit by an Ariane 5 rocket on 7 December 2014 from the
Kourou spaceport in French Guiana. e European launcher
carried GSAT-16 into Geosynchronous Transfer Orbit (GTO).
e Indian satellite’s co-passenger DIRECTV-14, built by Space
Systems/Loral LLC, for TV operator DIRECTV to provide
direct-to-home television broadcasts across the USA, was also
launched, marking the 63rd successful mission in a row for the
Ariane 5 rocket.
With a lift-o  mass of 3,181 kg, GSAT-16 carries a total of
48 communication transponders, the largest by a communication
satellite developed by the ISRO so far. Soon after the launch, ISRO’s
master control facility at Hassan in Karnataka took over command
and control of the satellite, reporting that it was “in good health.”

ISRO tests GSLV Mk.IIl and

crew module

On 18 December 2014, ISRO successfully tested atmospheric
re-entry of an unmanned crew module launched by a GSLV
MK.I11 rocket from the Satish Dhawan Space Centre in Sriharikota.
Exactly 5.4 minutes after lift-o at 9.30 am from the Second Launch
Pad at the Space Centre, the module separated from the rocket at an
altitude of 126 km and re-entered Earth’s atmosphere, descending
in ballistic mode to splash down into the Bay of Bengal, some
180 km from Pygmalion Point, southernmost tip of the Andaman
and Nicobar Islands.
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e LVM3-X ight with active S200 and L110 propulsion stages
and a passive C25 stage with dummy engine, carried only CARE
(Crew Module Atmospheric Re-entry Experiment) as its payload.
Weighing over three tonnes, the 2.7-metre tall crew module with
a diameter of 3.1 metres, which features aluminium alloy internal
structure with composite panels and ablative thermal protection
systems, was made to safely drop down into the sea by specially
made parachutes from Agra-based DRDO lab Aerial Delivery
Research and Development Establishment. e mission is a step
toward eventual manned space ight from India.

ISRO and HAL partner on

cryogenic rocket engine

hen ISRO Chairman Dr K Radhakrishnan laid foundation
stone for the Integrated Cryogenic Engine Manufacturing
(ICEM) facility at HAL Bangalore on 1 December 2014.
e facility is being set up over a built-up area of 5,560 sq m
opposite HAL's Aerospace Division and will be manned by HAL
personnel. 1ISRO will fund the facility to the tune of Rs 139 crore.
HAL has partnered and supported ISRO throughout its journey by
providing hardware for satellites, SLV, ASLV, PSLV, GSLV Mk.II
and GSLV Mk.II1 (LVMB3).

Speaking on the occasion, Dr Radhakrishnan, hailed HAL's
contribution to ISRO. “We remember HAL every time we succeed
in our missions, the Mars Orbiter Mission being the latest. We have
been partners in progress and will continue to be so in future too,”
hesaid. e major facilities planned at this upcoming ICEM unit
include the rotary vacuum brazing facility, machineries for sheet
metal forming, CNC machines (primarily 5-axis) for complex
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Dr K Radhakrishnan, Chairman, ISRO releasing blueprint of the
Integrated Cryogenic Engine Manufacturing (ICEM) project in
Bangalore, seen with (then) HAL Chairman Dr RK Tyagi (right)

geometry machining, tungsten inert gas/metal inert gas welding and
heat treatment facilities for special materials and testing facilities.

e new facility is expected to have a turnover of some Rs 9 crore
per year.

Yves Guillaume receives top
French award

he French Ambassador to India, HE Francgois Richier,

conferred the insignia of Knight of the Legion of Honour on
Yves Guillaume, President India, Airbus Group at a ceremony held
in New Delhi on 30 November 2014. France’s highest civilian
honour for Yves Guillaume came in recognition of his “exemplary
personal commitment to the growth and promotion of the French
aerospace industry.” e decoration was announced by the Ministry

of External A airs, Government of France, on occasion of the
French National Day on 14 July 2014.

Yves Guillaume is based in New Delhi and has been President
India, Airbus Group since June 2006. Under his leadership, Group
turnover in India has risen and local industrial footprint has
expanded, with Indian companies, both public and private, now

rmly embedded in the Group’s value chain.

APPOINTMENTS

Air Marshal Sukhchain Singh
takes over as AOM

Air Marshal Sukhchain Singh VSM assumed the responsibilities
of AirO cer-in-Charge Maintenance at Air HQ, New Delhi
on 1 December 2014. e Air Marshal was commissioned in the
Electronics stream of the Aeronautical Engineering branch in IAF
on 2 July 1979, is a graduate in Electronics and Communication
from REC Kurukshetra (now NIT) and a postgraduate in
Integrated Electronics from
IIT Delhi. He is also an
alumnus of the prestigious
Defence Services Staff
College, Wellington, was
awarded the Vishisht Seva
Medal in January 1999 for
distinguished service, and has
rich experience in the eld of
maintenance management of
aircraft, radars and guided
weapons.

Prior to assuming the
present assignment, the
Air Marshal Sukhchain
Singh has held various
important staff and field
appointments, notably as
Senior Maintenance Sta O cer at Maintenance Command,
Assistant Chief of Air Sta (Engineering B) at Air HQ, Senior
Maintenance Sta O cer at South Western Air Command, Chief
Engineering O cer of an Air Base and Chief Research & Projects
O cer at the Aircraft Systems Testing Establishment (ASTE),
Bangalore.

Lt Gen Pranab
Kumar Bharali
appointed DG
Army Aviation
Corps

t Gen Pranab Kumar

Bharali has been
appointed as Director General
of the Army Aviation Corps.
He had graduated from the
National Defence Academy,
Khadakvasla and was
commissioned as an officer
in the Army in June 1977.
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Having been trained as a helicopter pilot he served as a ying
instructor and commanded a helicopter unit.

He has held the post of the General Sta O cer (Operations)
at the Counter Insurgency Force Headquarters was Colonel
Administration of a Division, Brigadier Aviation of the
Command Headquarter in Jammu & Kashmir before assuming
the post of Additional Director General, Army Aviation Corps
at New Delhi.

Air Marshal SB Deo is
AOC-in-C EAC

Air Marshal SB Deo became AOC-in-C Eastern Air Command
on 1 January 2015, taking over from Air Marshal RK Jolly
who retired from service on 31 December 2014. A Fighter Combat
Leader and a Quali ed Flying Instructor, Air Marshal Deo has
held various sta and eld appointments during a career spanning
over 35 years. Prior to taking over as AOC-in-C, he was Director
General (Air Operations) at Air HQ.

Sukaran Singh appointed MD &
CEO of Tata Advanced Systems

ukaran Singh has been appointed Managing Director and Chief

Executive O cer of Tata Advanced Systems Limited (TASL),
Tata Sons’ subsidiary for its aerospace and defence business. He
had joined the Tata Group in 2003 and is a Director at TASL.
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The Tata Group has
identified aerospace and
defence as a focus area, and
TASL provides integrated
solutions for aerospace,
defence and homeland
security. e rm has grown
to become a significant
player in the global aerospace
market, partnering with global
OEMs such as Sikorsky,
Lockheed Martin and Pilatus
on various programmes. In
addition, TASL is engaged
in development and assembly
projects for missiles, radars
and other high technology
products for Indian
customers.

Air Marshal Jagjeet Singh
is AOC-in-C
Maintenance

Command

ir Marshal Jagjeet Singh

VSM has taken over as
Air Officer Commanding-
in-Chief at Headquarters
Maintenance Command,
Nagpur on 1 December
2014.

After completing his
Bachelor of Engineering
Degree in Electrical
Engineering from Patiala in
1976, he joined the Indian
Air Force in 1977 and
was commissioned in the
Aeronautical Engineering
Branch. He is also a postgraduate in Electrical Engineering from
Punjab University, Chandigarh and is a Post Graduate Diploma
holder in Management from IGNOU. He has also completed the
Technical Sta Course at IAT, Pune.

Air Marshal Jagjeet Singh has considerable experience in
maintenance management of aircraft and systems and has held
various eldandsta appointments. He hascommanded a Technical
Type Training School for ghter aircraft and a Base Repair Depot.
He has also held the appointments of Chief Engineering O cer at
Air Force Academy, Command Engineering O cer at HQ SWAC
and Senior Maintenance Sta O cer at HQ Central Air Command.

e Air O cer was holding the appointment of Air O cer-in-
Charge Maintenance at Air HQ before assuming his present post.
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New Director General Coast Guard

ice Admiral HCS
Bisht AVSM took
over as the 21 Director
General Indian Coast
Guard on 38" Raising
day of the Service on 1
February 2015, succeeding
Vice Admiral Anurag
apliyal. Vice Admiral
Bisht was commissioned
in the Executive Branch of
the Indian Navy on 1 July
1979 is a Gunnery Specialist, and is a graduate of the 1992 batch of
the Royal Naval Sta  College, Greenwich (UK).

e Admiral has held a number of importanta oat, training and
sta appointments which includes commissioning Commanding
O cer of the Missile Corvette INS Kora, Commanding O cer of
the Stealth Frigate, INS Tabar and DA at the High Commission of
India, Singapore. His agappointments include Assistant Controller
of Carrier Projects, Chief of Sta  Southern Naval Command, Flag
O cer Sea Training at Kochi, Flag O cer Commanding Eastern
Fleet at Visakhapatnam, Asst Chief of Personnel (HRD) and
Controller Personnel Services (CPS) at IHQ, MoD(N).

T. Suvarna Raju takes over as
Chairman HAL

r T Suvarna Raju, who

has been Director Design
& Development HAL, has been
entrusted with additional charge
as Chairman of HAL, taking over
on 31 January 2015. He had
joined HAL on 26 June, 1980
as Management Trainee and
over the past 35 years has held
several critical positions. Under his
leadership he led HAL teams on
various research and development
programmes which included the
Tejas LCA, LUH, LCH, JT, HTT-40, Jaguar DARIN-11I, Mirage
Upgrade and others. He implemented the concurrent engineering
to facilitate the development and production of new aircraft types
as also developed the concept of performance based logistics for
military aircraft.

Mr Raju was responsible for establishing the production line
for Hawk Mk 132 advanced jet trainers and their deliveries on
schedule. He managed the Mirage 2000 aircraft maintenance project
without any cost over-run, having earlier been involved with HAL
Bangalore Complex in production of the Jaguar strike ghter and
establishment of overhaul facilities.

Mr. Raju has been member of various High Level Teams formed
by Ministry of Defence (MoD) for assessing the techno-economic

viability of new acquisitions. Mr Raju led drafting of HAL's rst
R & D policy, the organization having applied for an unprecedented
1000 patents in last two years. He also conceptualised, prepared
and implemented a number of automation and real-time systems.

Air Marshal S Neelakantan

takes over as AOP

ir Marshal S Neelakantan YSM

VM, took overas Air O cer-
in-Charge Personnel (AOP) at Air
Headquarters on 2 February 2015.
He was commissioned asa ghter
pilot in the Indian Air Force in
December 1977 and is an alumnus
of the National Defence Academy,
Defence Services Staff College,
Wellington, and TACDE.

Asaquali ed yinginstructor,
he has over 3100 flying hours
on various aircraft types, has
commanded a frontline fighter
squadron and two air bases. He led
the Indian Air Force contingent
in the Congo as part of the UN peacekeeping mission in 2006-07
and has also held various sta and instructional appointments. He
was Director General of Inspection and Safety before taking over
as AOP.

Air Marshal Jasiit Singh Kler is DG
(Inspection & Safety) IAF

ir Marshal Jasjit Singh Kler

VM hasassumed appointment
of Director General (Inspection &
Safety) on 2 February 2015.

e Air Marshal isa Quali ed
Flying Instructor, has own close
to 8000 hrs on various helicopters,
flying mostly in the Siachen
Glacier and the Eastern Sector,
having operated most types of
helicopters in the IAF's inventory.

Air Marshal JS Kler has
held various command and
staff appointments which
include SAASO of Maintenance
Command, was Deputy
Commandant of the Air Force
Academy, AOC of Air Force Station New Delhi, Station
Commander AFS Jammu and Salua and as also CO of a Mi-17
Helicopter Unit. He also was posted to Namibia to raise and train
that country’s helicopter element. Prior to his present appointment,
he was IG (Air), BSF Air Wing, MHA.
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New DG for DGCA

he government has
appointed Mrs M
Sathiyavathy as director
general of civil aviation
(DGCA), taking over
from Prabhat Kumar. She
was previously additional
secretary and financial
adviser to the Ministry of
Civil Aviation, and had also
served as Chief Secretary in
the Puducherry government.
e DGCA is working

to restore India’s aviation
safety ranking, which was
downgraded in 2014 by the
US Federal Aviation Administration (FAA) owing to poor regulatory
oversight. DGCA, as the aviation regulator, registers civilian aircraft,
formulates standards of airworthiness for aircraft, licenses pilots, air
tra ¢ controllers and engineers and grants air operating permits to
Indian airlines. A third FAA audit of the DGCA ended in December
2013, and reportedly found the Indian regulator in “much better
shape than before”, with DGCA o cials expecting that India’s
safety ranking would be restored by March 2015.

Air Marshal Anil Khosla is
DG Air Operations

ir Marshal Anil Khosla

took over as Director
General Air Operations at Air
Headquarters on 12 January.
commissioned in the ghter
stream in December 1979,
he has over 4000 hours
of flying experience, has
vast instructional experience
and has been Directing
Staff at the Tactics and
Combat Development
Establishment (TACDE)
and Flying Instructor School

(FIS). He has commanded
No.6 Squadron (Jaguar
maritime strike) and two
frontline bases of the IAF at Jaisalmer and Ambala, and has
held various sta appointments at Air HQ including: Principal
Director at Directorate of Information and Electronic Warfare,
Director in Personnel Branch and Joint Director at Directorate
of Concept Studies. In the rank of Air Vice Marshal, he has held
the appointment of Air O cer Commanding HQ Maritime Air
Operations and Air O cer Commanding J&K Area. His last
appointment was as Senior Air Sta O  cer, Central Air Command.

Deepak Parekh appointed
Chairman, BAE Systems India

AE Systems has appointed Deepak

Parekh, Chairman of HDFC Ltd, as
non-executive Director and Chairman
of its Indian subsidiary, BAE Systems
India (Services) Private Limited, with
e ect from 1 January 2015.

Deepak Parekh’s association with
BAE Systems began in 2010 when
he was member of the company’s
Independent Advisory Board for India,
and in his new role as Chairman, he
will provide leadership to BAE Systems
India and “help the firm realise its
aspiration to develop capabilities and infrastructure in the country
in support of Prime Minister Modi’s ‘Make In India’ initiative”.

Thales appoints Antoine Caput
Vice President & Country
Director for India

ntoine Caputis ales’ new Vice President and Country
Director for India, based in New Delhi, taking charge

on 1 November 2014. An accomplished professional with
extensive experience in the ground transportation sector,
Antoine is responsible
forall  ales operations
in India. He was, until
recently, in charge of
ales’s road tolling and
tra c control business.
Before joining  alesin
2000, Antoine spent 10
years at Alcatel CGA,
where he was in charge
of export sales for East
Asia. At ales, Antoine
has held various senior
positions in contract
management and later
in purchasing. From
2005 to 2007, he managed

ales’s joint venture with Panda
Electronics in Nanjing, China. He is a graduate of the Institut
Supérieur de Gestion de Paris.

(an incorrect photograph of Antoine Caput was mistakenly
published in Vayu VI/2014)
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LCA Navy maiden flight from,
SBTF ski-jump

round noon on 20 December
A2014, as holidaymakers soaked up
the sun and surf at Bogmalo beach

near Goa’s Dabolim airport, the LCA
(Navy) prototype KHN-T-3001 (NP-1)
successfully launched o the ski-jump at
the Shore Based Test Facility (SBTF) at
INS Hansa.  is naval variant of the Tejas
LCA that was recently accepted by the
Indian Air Force (see article in this issue)
has already made a number of ights but
these were conventional from runways
in Bangalore. December 2014 marked
rst time that the N-LCA was launched
from the ski-ramp of the SBTF, which
replicates the deck layout of the aircraft
carrier INS Vikramaditya as well as the
new INS Vikrant (IAC-1), which is under
construction at Cochin Shipyard Limited.
Piloted by Commodore Jaideep
Maolankar, Chief Test Pilot of the National
Flight Test Centre (NFTC), the aircraft
reportedly had “a perfect ight” performing
“petter than predicted”. is rst launch
was orchestrated by the Test Director, Cdr
JD Raturi and Safety Pilot Capt Shivnath

Dahiya, supported by Gp Capt Anoop
Kabadwal, Gp Capt RR Tyagi and Lt Cdr
Vivek Pandey.

Dr Avinash Chander, then SA to RM,
Secretary DDR&D and DG DRDO,
congratulated the LCA Navy programme
team saying, “With today’s copybook ight
of LCA-Navy from the land based ski-jump
facility we will soon see our own indigenous
combat aircraft ying from the decks of
our aircraft carriers.” Dr K Tamilmani, DS
& DG Aeronautics, was similarly e usive,
telling the team that their di cult task had
been “executed beautifully.”

Although the N-LCA has flown
numerous times in the past, having made its
maiden ight from shore on 27 April 2012,
the ski-jump launch is a major milestone
for the LCA Navy programme, marking
culmination of several years of design, ight
test, simulation and managemente orts with
signi cant contributions from a number of
Indian defence research and development
agencies. e programme has been constantly
supported by certi cation agency CEMILAC
and quality assurance agency CRI (LCA).

11720151

Led by Programme Director ADA PS
Subramanyam, the design teams ensured that
all systems meet the stringent requirements
of carrier operations. Cmde CD Balaji
(Retd), Chief Designer and Project Director
LCA (Navy), has been at the helm of the
programme since conception, providing
much-needed continuity to the development
e ort, while the ight control law team, led
by Dr Amitabh Saraf, was responsible for
ensuring that the - y-by-wire system worked
awlessly during the ski-jump take o0 .

Appearing at rst glance to be broadly
similar in layout and propulsion to its land-
based IAF counterpart, the LCA (Navy) in
fact incorporates signi cant changes. Most
importantly, it features movable leading edge
sections near the wing root, called leading
edge vortex controllers (LEVCONSs) which
are essential in maintaining air ow over the
wing across the flight envelope required
by shipboard operations. e N-LCA also
features modi ed landing gear, stronger and
di erently con gured to better cope with the
rigours of ski-jump launches and arrested
landings. It has a special ight control law
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mode that allows for near hands-free take o
reducing pilot workload in this critical phase
of ight. All these changes result in an aircraft
that can take 0 in 200 metres (as opposed
to the 1000 metres or more required by
land-based aircraft). In addition, the forward
fuselage is reshaped to provide a better view
to the pilot during take 0 and landing.

SBTF test campaign

According to Dr K Tamilmani, the rst
phase of SBTF tests with NP-1 included ve
additional launches to gather a large data set
for further analysis and possible re nement.
All these launches were conducted with the
aircraftina‘clean’ con guration (no stores).
Based on the results from the  rst set of tests,
asecond phase of testing is planned and will
likely be conducted in March 2015, and
may also include launch tests with stores
(weapons and tanks) in place.

While the initial testing phases involve
only ski-jump take offs, Dr Tamilmani
indicated that arrested landing trials for the
N-LCA will be conducted toward the end of
2015. He also said that the second N-LCA
prototype (NP-2) is due to make its rst

ight from Bengaluru soon, and will join
the test campaign shortly thereafter.

Indian Navy plans

Rear Admiral Davinder M Sudan, ACNS
(Air) called the successful launch “a historic
event” and noted that the Navy has “a
great deal of faith” in this indigenous
development programme. Although the
Navy has not yet officially named the

Cutaway drawing of the LCA Navy (as visualised by Motocar)

aircraft (it is not likely to enter Indian Navy
service with the same ‘Tejas’ moniker as
its land-based equivalent), it is clear that
the maritime service has elaborate plans
for indigenous naval aviation programmes.

e Navy presently has 8 N-LCAs on
order, these being ‘navalised’ versions of
the Tejas Mk.1, with the same GE F404
engine. However, the well-documented
weight and power issues faced by the
Tejas Mk.I will only be exacerbated in
the challenging environment of carrier
operations, and the Navy is clear that their
de nitive indigenous ghter is to have an
expanded performance envelope, longer
endurance and higher payload compared
to the current N-LCA standard.

e solution to these limitations is
more power —to be provided by the already
contracted-for GE F414 engine — and
weight reduction of the aircraft structure.

e LCA in both land-based and naval
versions is well above target weight limits
set by the respective Services, but an
increase in wet thrust from the current
GE F404’s sub-90 kN to the F414’s 98
kN would likely yield su cient levels of
performance. A simultaneous reduction in
operating empty weight would only add to
the performance provided by a new engine.
However, this must be expedited, as it is
understood that work on an N-LCA Mk.2
has yet to begin !

Angad Singh
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ISRO’s PSLV C25 carrying the Mars Orbiter Mission (MOM, also known as Mangalyaan) seen at launch from the SatishDhawan Space Centre, Sriharikota

Prospects; for Indian space technology

strides since its modest beginnings in the

1960s. In the initial years, it focused on
design and building of simple satellites and
in later years, gained expertise in designing
and building very complex ones. Indian
Space Research Organisation (ISRO) then
moved to reduce its dependence upon foreign
space launch facilities through initiation of
the indigenous launch vehicle programme.
Starting with the Satellite Launch Vehicle-3
(SLV3) which could take a mere 40 to 50 kg
to low earth orbit (LEO), it has incrementally
progressed to the ability to launch heavier
satellites on its augmented SLV (ASLV),
Polar SLV (PSLV), and Geosynchronous
SLV (GSLV) launchers; the latest variant of
the GSLV, the GSLV Mk-III, can take up
to 5 tons to geosynchronous orbit (GEO).
ISRO is reportedly now moving to develop
capabilities to reduce the cost of launching
payloads to space through development of
newer launch technologies.

Media has reported that ISRO plans to
test v its Reusable Launch Vehicle (RLV)in
March 2015.1t is also reported by the same
newspapers that India plans to launch the
next two satellites for the Indian Regional
Navigation Satellite System (IRRRNSS)
this year.All services that require accurate
navigation signals in the civil as well as
military domains in India currently use the

I ndia’s space programme has made great

American satellite navigation based Global
Positioning System (GPS) or the equivalent
Russian Global Navigation Satellite System
(GLONASS). Being foreign systems, GPS
and GLONASS are subject to the larger
interests of the technology owners involved.
Such ISRO plans made public bode well for
India’s space technology sector.
Like in so many other high technology
elds, today’s rocket science found its rst
expression through the e orts of German
scientists during the mid-twentieth century.
ese initial e orts were aimed at the use
of rocketry in war, but none the less, led to
the development and maturing of the basic
building blocks upon which most of today’s
rocket technology is based. After the end
of World War | both the erstwhile Soviet
Union and USA utilised captured scienti ¢
knowledge from defeated Germany to
advance their rocket programmes.  ese
e orts led to the Soviet Union, followed
by USA, becoming the first nations to
achieve space access. Proliferation of rocket
technology led to European countries
achieving similar capabilities, albeit
collectively, followed by China and Japan.
Today rocket technology is not as captive
as it was earlier. With the basic science fairly
widely understood, it is almost just a matter
of engineering to put together an e ective
space launch rocket. e issue today is to
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design and build reliable rockets that have
a high probability of success and to reduce
costs of each launch. e Soviet Union’s
successor state, Russia, today boasts of being
the leading space-faring nation with the
highest number of successful space launches.
e USA has in the past few years su ered
embarrassing technology setbacks that have
led to the retirement of the Space Shuttle
eet and spectacular failures of its space
launch rockets. USA has been reduced to
importing rocket engines from Russia to
maintain aminimum space launch capability
and to book seats on Russian rockets to send
astronauts to the International Space Station.
In this context China boasts an enviable
space launch record second only to Russia
in recent years. e development of India’s
space rocket technology has been written
about in detail during 2014. India has a
well proven reliable workhorse in the PSLV
and its variants. PSLV, however, is able to
place relatively lighter payloads of about 2.5
tons into earth orbit. e GSLV variants
are aimed at addressing this launch load
shortfall. e GSLVsremain in development
and are yet to notch up the success rates
demonstrated by the PSLVs.
ISRO has announced that it now plans
to test launch a RLV in March 2015. e
RLV is likely to feature a single stage booster
that will lift the vehicle aloft and impart a
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Fully integrated GSLV Mk.11l (LVM3) being
moved to the launch pad at Sriharikota

First launch of GSLV Mk.1II (LVM3)

speed of about Mach 3.0+. At this speed
it would rise to an altitude above 100 km.
Here it would carry out its mission of satellite
release and then re-enter the atmosphere at
high Mach numbers. It would now glide
at speeds of up to Mach 5.0 or higher and

nally land like a conventional aircraft on
a suitable runway. e RLV could then,
through attachment of a new booster stage,
be reused, thus reducing costs of a launch
through reducing the waste that results from
rockets that are a one-shot vehicle with the
entire vehicle being lost after a launch. At a
later date, it may be possible to incorporate
a supersonic combustion ramjet (scramijet)
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engine in the RLV to develop a powered
vehicle with other utilisation possibilities.
However, the initial RLV concept remains
that of an unpowered glider once it detaches
from the rocket booster used to launch it
from a conventional rocket launch pad. Even
the current concept of an initial RLV design
is projected to be able to reduce the launch
cost of satellites by ISRO by a factor of 10.At
a later stage, ISRO could even emulate the
American Space X concept of usinga oating
platform asa landing pad for the rst stage of
the RLV launch system.Successful recovery
of the booster stage used to launch the RLV
could reduce launch cost even further. RLV
represents another challenge for ISRO and
indicates that the organisation is looking
ahead and thinking futuristically about useful
technologies for the future.

The IRNSS is an innovative low cost
solution to India’s satellite navigation needs
in both the civil as well as military sectors.
IRNSS can commence operations with
just four satellites though the entire seven
satellite constellation will increase coverage
and accuracy. e system can be scaled up to
increase coverage from the initially planned
area if required in future. It is expected that
the year 2015 will see the IRNSS come on line
once the planned satellite launches fructify.

ISRO has notable achievements to its
credit in 2014.  ese include the Mars
orbiter Mission (MOM) and the successful
tests of the indigenous cryogenic engine and
of the heavy lift GSLV Mk-III. Given the
track record of ISRO’s achievements so far,
it is reasonable to be optimistic about ISRO
achieving its declared programs for 2015.

Analysis of ISRO Technology

Development

ISRO is, and remains, a purely civil
organisation. However, the technology
developed by ISRO could, in certain
circumstances, be leveraged by the
Government for national security needs
as and when this is required. ISRO’s
satellite developments were initially designed
and used for purely civil purposes before
being utilised later for a few military
applications such as remote sensing
satellites being used for surveillance and
communications satellites being used for
limited military communications through
hired transponders. From this point of
view, ISRO’s achievements till date and
future plans bode well for India’s national
security. A few ISRO programmes have
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parallel effort in the defence domain
from Defence Research and Development
Organisation (DRDQ).One such example
is the development of scramjet engines
for their own planned applications in the
civil and military domains. India’s e ort to
develop scramjet engines and hypersonic
vehicles has also been written about.  is is
unique to India where the space programme
was started as, and even today remains, a
totally civil e ort. In most other countries,
including USA, Soviet Union, China etc.,
the national space programmes have a heavy
defence tilt with civil uses being a spin o ;
in India the reverse is true with military
applications beingaspino of the civil space
programme. India’s system though often
criticised domestically for this structure,
could be said to actually be a better way of
doing things.  ese concurrent civil and
military technology development e orts by
ISRO and DRDO result in a situation of
each serving as a back up to the other. For
instance, given that both ISRO and DRDO
have achieved stable supersonic combustion
in ground tests, at least one of these e orts
should result in aworking practical scramjet.

Even an unpowered hypersonic glide
vehicle has obvious military applications
when mated with a ballistic missile. Adding
a scramjet to the vehicle only expands the
possible uses of such a craft. It would be
evident that successful development of a
powered hypersonic vehicle could enable
the country’s aerospace forces to leapfrog
an entire generation of aerospace technology
to arrive at the state of the art for the next
century.

And so, to space !

India has had an active space programme
since the late 1960s. This programme
has operated purely in the civil domain.
In recent years, India’s space programme
has demonstrated its maturity through
developing capabilities earlier owned only
by technologically advanced countries.
More importantly, India has demonstrated
its capabilities through achieving feats that
the others were unable to, at a lower cost
and with higher success rates. e MOM
is an outstanding example of this. Given
the achievements till date, ISRO’s declared
plans to test the RLV and put the IRNSS
into initial operation during 2015 are
expected to add to its already noteworthy
achievements.

Gp CaptVivel Kapur
Senior Fellow, CAPS
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... Where aerospac:

n its annual round-up of the best
I inventions that make the world

“better and smarter,” 7ime magazine
has listed ISRO’s Mars Orhital Mission,
Mangalyaan as one of the top ones
dubbing it the ‘Super Smart Spacecraft’.
As it records, “Nobody gets Mars right on
the rsttry. e USdidn’t, Russiadidn't,
and the Europeans didn’t. But on 24
September, India did”. It further adds “A
technological feat no other Asian nation

has achieved. Building the craft cost India
just $74 million, less than the budget for
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Air-Marshal Brijesh Jayal} writes on

the Im Gravizy.” Looking back, at the
time the New York Times had similarly
heralded ISRO’s achievement under the
banner “On a shoestring, India sends
Orbiter to Mars on its rst try” !

It is be tting that during those nail
biting final moments of suspense when
Mangalyaan was in the shadow of Mars
and out of communications with its control
centre and when none knew whether it
would emerge successfully captured in
Martian orbit or spin uncontrollably into
deep space beyond, the Prime Minister
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-ﬂr@space Riddler®:

a2 shines and aeron

autics whines !

of India was at hand to lend personal and
moral support adding weight to his being
dubbed as ‘a technology-savvy Prime
Minister’.

So palpable was the tense atmosphere
within the mission control room at the
ISRO head quarters in Bangalore that it
seemed to hypnotise millions of ordinary
citizens who were glued to their television
screens. When success came, it was almost
as if the entire nation had risen in a
spontaneous cheer to mark not just success
of the mission, but to applaud the very



professional culture of ISRO and those
within its fold.

Whilst the nation is fully justi ed in
basking in the glory of this ne achievement
inthe eld of aerospace, it is also a moment
of re ection at where we stand on another
facet of this challenging eld of science and
technology — that of aeronautics. s is
relevant because in the academic, scienti ¢
and technological domains, aerospace and
aeronautics are considered one discipline.
The only difference being that whilst
aerospace is associated with the spectrum
of flight both in space and within the
atmosphere, aeronauticsiscon nedto ight
within the atmosphere exclusively.

Speaking earlier this year to the Science
and Society Programme on the subject
‘Does India Have a Strategic Vision
in Aeronautics?’, Professor Roddam
Narasimha, a highly acclaimed and
eminent aerospace scientist and Honorary
Professor at Jawaharlal Nehru Centre of
Advanced Scienti ¢ Research, re ected on
the ‘paradox of aerospace’ in India. Why,
he wondered, can we boast of a world
class space programme, a defence missile
programme getting there, but when it
comes to aeronautics, the senior cousin of
rocket science, we fail to make it even at the
national scene?

Nothing mirrors this paradox more
starkly than the success of ISRO’s

Golden years : a single-seat HF-24 fighter leads a pair of two-seat trainers in formation

Mangalyaan on the one hand, and the
Defence Minister’s recent statement in
Parliament that HAL's inordinately delayed
Intermediate Jet Trainer programme for
the 1AF still faced unresolved problems
compelling the IAF to look at outside
alternatives and that the delayed DRDO-
led LCA programme will be completed by
March 2015 instead of the December 2008
deadline set earlier! One can wistfully add
that the programme actually commenced
nearly three decades ago !
Historically, aeronautics in India has
had a head start over aerospace. In the late
fties India had indigenously designed a jet
ghter the HF- 24, being one of the very
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Dr Vikram Sarabhai, father of India’s
space programme
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few countries in the world to have done so
then. India had also designed the HT-2, a
basic trainer and the Kiran, an intermediate
jet trainer. All these aircraft were produced
in quantity at Hindustan Aeronautics Ltd
and served the 1AF well. e Kiran still
continues in service and till recently the
IAF formation aerobatic team Suryakirans
was demonstrating it to great acclaim in
international air displays.

Even as these giant steps were being
taken in the aeronautics eld, we were
beginning to attempt the rst baby steps
in aerospace with scienti ¢ investigation
of the upper atmosphere and ionosphere
through small sounding rockets. Back
then, whilst there were no impediments
to our advance in the eld of aeronautics,
even these modest aerospace activities drew
criticism with negative voices questioning
the relevance of aerospace activities to
a developing country like India. It is to
the credit of Dr Vikram Sarabhai that
he was able to prevail upon then Prime
Minister Nehru of the potential of space
technology into the future. Since, in Prime
Minister Nehru the nation had a leader
who passionately believed in science and
technology playing a crucial role in the
country’s social and economic future,
the naysayers were silenced and aerospace
received the necessary political, nancial
and moral support.



Dr. Sarabhai’s vision and its dogged
pursuit have rightly earned him the
distinction of being called the ‘Father of
Indian Aerospace’. Equally in a tribute
to Pandit Nehru’s sagacity and aerospace
vision, Chandrayan 1, the rst Indian built
object to reach the moon’s surface did so on
his birthday on 14 November 2008, with
the Indian tri-colour painted on the sides of
the Moon Impact Probe (MIP), one of the
payloads on board.

But beyond being a visionary, Dr.
Sarabhai was also a pragmatist and
recognised that to harness the potential

Commission. In all these elds the nation
is second to none, keeping abreast with
the international community. But the
one other eld of advanced technology
that Dr. Sarabhai had identi ed, namely
aeronautics, remains a technological
orphan with neither a Department nor
a Commission to steer it strategically to
bring it at par with other industrialised
nations. Instead, aeronautics has remained
relegated to the folds of the Ministry of
Defence being driven primarily by its
operational needs as they evolve from
time to time.

degree of national oversight, coordination
and support, which their governments
amply provide.

at a separate Ministry or Department
along with a Commission for aeronautics
stubbornly eludes us, inspite of the success of
thismodel in the other  elds as recommended
by Dr Sarabhai and being supported by
various expert groups over subsequent years,
remains an abiding mystery. Rather than
aeronautics being driven by a long term
strategy which has within its scope not just
military requirements, but those of civil
and general aviation, R&D, aeronautical

of aerospace, scienti ¢ and technological
challenges could only be overcome if backed
by a sound organisational and management
architecture. According to Prof Roddam
Narasimha, Dr. Sarabhai had in 1970
proposed to the Administrative Reforms
Commission, an organisational model
with a Ministry of Advanced Technologies
comprising of separate Commissions for
Atomic Energy, Space, Earth Sciences and
Aeronautics.

It speaks for his foresight that today
we have independent departments for
both Space and Atomic Energy with
their respective Commissions and a
ministry for Earth Sciences also with its
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Successful aeronautical nations have
invested heavily in promoting a culture
of robust research, design, industrial
and management capability that allows
new and innovative ideas to flower
into better and more e cient systems
through developing new technologies
in laboratories, transferring them for
economically viable products and,
integrating and testing them towards
providing better platforms and systems
for not just their domestic needs, but
for the international aeronautics market
as well. To make this challenging task
economical and competitive such
aeronautical activities need a signi cant
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industry both public and private along with
its wider contribution to national economy,
it has become con ned to the limited need of
ful lling the immediate requirements of the
armed forces. Not surprisingly this model has
resulted in the Indian aeronautics sector being
largely crisis driven and import dependent. It
needs no rocket scientist to conclude that this
one weakness is single handedly contributing
to the paradox that Prof Narasimha alludes
to, whilst also answering in the negative his
larger poser of whether India has a strategic
vision in aeronautics.

India not only has the dubious
distinction of being the world’s largest
arms importer, it has in recent years



imported close to $10 billion worth of
airborne platforms from the US alone, not
to mention the continuing imports from
Russia. Except for the vintage Kiran trainer
and the more recent Dhruv helicopter, every
other airborne platform in service with the
IAF, the fourth largest in the world, is an
imported design. It is estimated that there
are over two-dozen such imported platforms
in service of the armed forces. Further,
operational and maintenance costs ofa eet
during its life cycle approximate to roughly
to twice the initial procurement costs. With
no strategy or plan to nurture micro, small
and medium sized enterprises that will
specialise in airborne parts and systems,
we will continue to remain dependent on
imports to keep our platforms airworthy
long into the future.

It was President Eisenhower who in
his farewell speech cautioned his people of
the unwarranted in uence of the military-
industrial complex and its potential for the
disastrous rise of misplaced power. One
sometimes wonders whether neglect of
aeronautics in India is actually borne out of
any such unwarranted shadowy in uences?

ere are other areas where there appear
stark differences in the aerospace and
aeronautical elds in India. Congratulating
the scientists and engineers the PM recently
complemented ISRO for cultivating the
culture of progressively nurturing young
talent in line with our ancient guru-shishya
parampara’ and exhorted all to push
boundaries further.

In contrast, whilst addressing an award
giving function of Defence Research and
Development Organisation scientists,
prior to this event, the PM was less upbeat,
exhorting the scientists of the value of
time and timely completion of projects
telling them the world will not wait for us.
Explaining that India did not lack a talent

pool, he cautioned them about a chalta hai'

attitude. Undoubtedly delayed projects like
the LCA, amongst others, were certainly
weighing on his mind.

He further advised the scientists to give
more responsibilities to the youth even
suggesting thatin ve of DRDQO’s fty-two
labs, only those below thirty- ve years of
age should be vested with decision-making
powers. What perhaps prompted these
observations has only become evident by
later reports of the practice prevalent in
DRDO of a Departmental Peer Review
Committee granting extensions to fellow

scientists. Reportedly fteen top DRDO
scientists were on extension with six to eight
getting extensions every year.

is is proof, if any were needed, of
the bureaucratic inertia that plagues the
very culture within DRDO and of the
archaic non-functioning model of defence
research in aeronautics. Not surprisingly this
top heaviness has been resulting in heavy
attrition amongst the younger DRDO
scientists at an average of one hundred
per year. In sharp contrast, former ISRO
Chairman Professor UR Rao was quoted as
saying ‘Achievements like the Mars Orbiter
Mission would attract graduates to ISRO.
You need passion to work in ISRO.  at's
why people who join the organisation
seldom leave it for another job.’

is writer is reminded of a time in
2006, when within a span of a few days
ISRO’s launch of a GSLV rocket and
DRDO'’s launch of an Agni 3 missile,
both ended in failures. Since failures
are part of the business of research and
development, every dynamic aerospace
institution is expected to be prepared for
such an eventuality and emerge wiser and
stronger. ISRO accepted the failure in a
press conference, promised to investigate
and announced its determination to re-
launch in a year. DRDO on the other hand
ducked and o ered no public comment. It
was left to the Raksha Mantri to later state
that the test was a partial success, leaving the
public guessing on what this really meant!
At the time, in a column in a national daily
this writer had compared the approach of
the two institutions. Of ISRO one felt ‘it is
this spirit that di erentiates the men from
the boys’ and of DRDO ‘this is not how
serious nuclear powers go about testing their
front line delivery systems’. Eight years on,
nothing seems to have changed!

Judging by his exhortations to those
at ISRO and DRDO, clearly the Prime
Minster has got the feel of the scienti c,
professional and cultural pulse of these
organisations and the wide gap that
exists between their ethos and indeed
performance. That the government
has scrapped the Department Review
Committee of DRDO also is a pointer that
perhaps for the rst time after PM Nehru
with his vision for science and technology,
we have another Prime Minister with a
keen eye and feel for what science and
technology can do for the future of India
and is willing to take bold steps towards
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the nation achieving its potential. In such
an endeavour there can be no holy cows.

In countries with advanced aeronautical
industries, the primary driver of R&D has
been the military. As technologies then
mature and become commercially viable they

nd application in civil aviation and other

elds. It follows that if Indian aeronautics
aspires to compete with the aeronautical
majors of the world, it must be backed
by robust R&D and industrial support,
which in turn must be driven and initially
funded by the Indian armed forces with
both public and private sector institutions
adding their weight. Whilst this calls for a
high degree of professionalism and synergy
amongst all the stakeholders, it also needs
a unique management and organisational
model, which cannot be provided by a
Government Department like the MoD.
Lack of institutional teamwork, resulting
in separate interests and lobbies has been
the unpleasant reality and soft underbelly of
management of aeronautics in India.

Lately, on the launch of Prime Minister’s
‘Make in India’ campaign much has been
heard from the MoD on its determination
to follow this route with vigour. One hopes
that the MoD recognises that in many ways
the aeronautics business is unique and mere
platitudinous changes to procurement,
0 set and allied policies and procedures
will have little impact on the ground unless
these are built on strong foundations arising
out of a larger national strategic vision for
aeronautics. is vision must start from
grass roots upwards and not be driven from
the top through super cial clichés like ‘Buy
and Make’.

India has the talent and capacity to both
partner on equal terms and compete with
aerospace majors of the world. All it needs
is the will to harness its collective resources,
evolve a long-term strategy and execute
this productively. With a technology savvy
Prime Minister in the captain’s seat and an
IIT engineering graduate as his Defence
Minister and copilot, there is growing
optimism within the aeronautics fraternity
that the government will display the sagacity
to heed Vikram Sarabhai’s advice and
give Indian aeronautics the organisational
and management model steered by an
Aeronautics Commission and backed by a
Department of Aeronautics that has long
been its due.

e riddle of Indian aerospace will then
be a thing of the past.



Air Chief Marshal Arup Raha on
Aerospace Power in the 21st Century

The annual Jumbo Majumdar
Seminar’, in addition to paying
tribute to an Indian Air Force legend,
also deliberates on many air power
issues of contemporary relevance.
The topic ‘Conflict and Aerospace
Power in the 21st Century’ was
highly relevant, especially as we are
currently witnessing a significant
process of evolution in the nature of
conflict as well as in the expanding
capabilities of aerospace power.
Some excerpts from the CAS’s talk !

umbo Majumdar was the IAF’s first

World War II hero and, in fact, the only

IAF pilot to be decorated with a bar to
the DFC. He was one of the pioneers of the
IAFs operational experience as it was under
his command as a young 28-year-old squadyon
commander of No. 1 Squadron, that the IAF
operationally cut its teeth. Barely had his
squadyon of 12 Lysander Army Cooperation
aircraft deployed at Tungoo in erstwhile
Burma, when _Japanese bombers operating out
of the occupied aerodrome at Mae Haungsaun
in Thailand carried out a large force raid.
Fortunately, all the Lysanders were well
dispersed and there was no damage either to
the men or the aircraft.

Notwithstanding the fact that Lysanders
were basically reconnaissance aircraft,
Jumbo Majumdar had made up his mind
to respond in equal measure to this Japanese
provocation and he earnestly got on to the task
of improvising the Lysander for the bombing
role. A bomb rack was improvised and two
250 lb bombs were fitted on it. So impressed
were the New Zealanders deployed there with
Jumbo Majumdar’s courageous spirit that they
sent their Buffalo aircraft as escorts. Jumbo
Majumdar flew over dense forests and jungles
of the intervening mountain ranges and struck
the Japanese aircraft hangar and wireless
station with deadly precision, causing extensive
damage to the hangar and the aircraft. After
such an audacious display of the ‘never say die’
spirit of the IAF, Jumbo Majumdar promptly
declared that his squadron would henceforth

also function as a ‘bomber squadron’.
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Karun Jumbo’ Majumdar in cockpit of RAF Typhoon in 1944

Increasing Relevance of

Aerospace Power

The IAF is proud of such a legacy of
visionary leadership, innovation and
pioneering spirit and it is this inheritance
which has helped us in weathering many of
the past and present day transformational
challenges. e IAF is in the midst of a

Air Chief Marshal Anup Raha, CAS/IAF
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comprehensive modernisation plan, which
will enable us to acquire niche operational
capabilities essential for handling our future
national security contingencies.

As conflicts continue to evolve, we
correspondingly see aerospace power rising
up to each and every emerging challenge
in equal measure. | firmly believe that
the future will witness the continued
preeminence of aerospace power as the
primary instrument of choice for almost
all operational contingencies. Aerospace
power is only 110 years old and despite
being the youngest of the three elements of
military power, it provides immense relief
and freedom from surface friction which
is inherent in any army/naval operation.
So while the 20th century belonged to air
power, the 21st century certainly belongs
to aerospace power.

e history of nations clearly highlights
the fact that for a state to become a great
power, it is imperative that it demonstrate
mastery over the creation, deployment and
use of military power towards achieving
national objectives. And amongst the three
Services, it will always be the air force
which willa ord prompt multiple response
options to the political leadership in times
of national security crises.
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Pair of Mi-17V5s, bearing the IAF ensign, at an

Air Force Day parade (photo : Angad Singh)

Recent conflicts have clearly
demonstrated the resounding success of
aerospace power because of its ability to
simultaneously interface as well asin uence
land/sea operations. The relevance of
aerospace power, in fact, has increased
manifold over the years — it is the ultimate
weapon for assured victory inacon ict. And
it is for this reason, therefore, that there is
a clamour for an enhanced ‘air wing’ of the
army and navy, as well as of the paramilitary
forces. It is due to this realisation of the
paramount importance of aerospace power
that nations have treated their air forces as
their best form of defence and deterrence.

The Nature of Conflict
Iwill brie y touch upon the nature of con ict
as we see them and look at the evolution of
aerospace power, particularly in our context.
en | will spend some time tracing the future
contours of the growth of aerospace power,
where | will talk about some of the associated
challenges. 1 will also put forward some future
propositions on the employment of air power.
When we talk about con icts, we nd
that very often, war and armed con icts are
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treated as near synonymous terms. With
the blurring of boundaries among peace,
war, armed con ict, con ictand terrorism,
the transition from one to another is
increasingly becoming less and less well
marked. Armed con icts embrace a wide
range of con ict situations in which the
armed forces may be required to operate and
may encompass the entire spectrum. e
dimensions and character of any particular
conflict would, however, depend on a
variety of factors ranging from the degree
of national interest involved; the nature
and the extent of limitations imposed; the
character of forces engaged as also the level
of intensity; and the duration.

The causes of conflict

e 21st century geopolitical environment
will continue to be characterised by constant
changes and upheavals. Despite the existing
unipolar world order, new power centres
will continue to constantly emerge and
these, in turn, will necessitate realignments.
To my mind, there are several predisposing
factors which will govern the changing
nature of future con icts.
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® Firstly, there would be an ever
increasing contest over limited resources,
be they energy, food or water.

® Secondly, notwithstanding the
increased cooperation which is dictated
by the nature of the globalisation process,
there would still be certain con ict points
arising out of comparative asymmetry
amongst the stakeholders. is asymmetry
would be based on economic strengths
and vulnerabilities, technological or
scienti ¢ growth with mastery over critical
technologies like metallurgy, engine-
propulsion, space and cyber applications,
Electronic Warfare (EW), nuclear, etc;
and, more importantly, the di erential in
the capabilities of the defence forces of the
stakeholders.

® Thirdly, there would be the ever
present threat posed by the extremist non-
state actors, quite similar to what we have
been witnessing in our neighbourhood,
resulting from perceived or real grievances.

® Fourthly, all future conflicts, be
they inter-state or intra-state, are likely to
involve ethnic, religious or cultural issues
individually or as a combination of factors.



Saab

11720151

49



In this respect, lack of economic growth
or inadequate development of human
resources, and deprivation and exploitation
of economically weaker sections would
result in social unrest, upheaval, insurgency
and con icts, into which the armed forces
may get drawn for maintaining law and
order, peace and tranquility.

will be a need to address each new con ict
on its own speci ¢ merits.

But despite these new demands, the
armed forces would still be expected to meet
the classic objectives which will include
deterrence, coercion, denial, destruction and
disruption. Hence, the armed forces need to
continuously and proactively monitor the

mind is the primary attribute which will
ensure the continued primacy of aerospace
power amongst the range of available
sovereign options. It is also my belief that
it will be air power’s ability to maximise
its comparative advantage in the third and
the fourth dimensions and to dominate
the information space that will underwrite

IAF’s C-130]-30 ‘special ops’ transport aircraft (photo : Angad Singh)

® And lastly, cyber security or the cyber
domain is the new dimension of con icts
between nations. Cyber war could cripple a
nation’s functioning and bring it to its knees
without the use of arms or violence. So, with
such an abundance of predisposing factors,
it would be safe to assume that con icts will
continue to arise in the future.

Role of the Armed Forces

e question, therefore, is that given the
present dynamic con ict environment, what
will be the role of the armed forces? Although
the probability of full scale mobilisation and
total wars is diminishing, the armed forces
will certainly need to remain prepared for
addressing asymmetric con icts and terrorist
threats. With demarcations blurring, there

50

security environment and remain prepared
to tackle the contingencies, as and when
they arise.

Aerospace Power : Its suitability

in the present context

Amongst all the other elements of military
power, aerospace power is perfectly suited
to handle this dynamic requirement as its
inherent exibility allows it to capitalise
on the often narrow response timeframes.
Air and space capabilities a ord the much
needed political freedom of manoeuvre
by enabling us to exert influence in a
sustainable and easily scalable manner,
while, at the same time, limiting our
own political liability by reducing our
footprint on the ground. This, to my
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its future utility as a useful, credible, viable
and essential tool in both the in uence any
nation can exert in international arena as
well as the hard elements of national power.

Aerospace Power and

Affordability

Let me now address the commonly held
perception that in the present era of austerity
and ever tightening purses, aerospace power
will be an expensive capability to maintain
and this characteristic will, in turn, prevent
its continued growth. Yes, the upfront
cost of an aerial platform may be higher as
compared to other combat elements, but
this, when set against the value brought
throughout its e ective lifespan, certainly
makes it a wiser option.
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Force Structure

While addressing our modernisation
requirements, when we deliberate on the
right force structure, we need to understand
our priorities clearly, so that we can wisely
allocate our scarce resources. At the same
time, it must also be understood that
resource availability alone should not be
allowed to dictate our force structure to
such an extent that we lose the capability
to dominate the air, as this would certainly
prove to be much more costly in the long
run. e force structure, therefore, must
provide the best value for money. With the

Air dominance : IAF Su-30MKI seen
flying over rugged terrain ¥

future being as unpredictable as it is — we
need to remain prepared for a full spectrum
response and, hence, the IAF needs to
ensure that we build as much adaptability
and multi-role capability into our force
structure as possible. Our focus must rightly
shift away to delivery of capability rather
than individual platforms.

Quality

Another important pointabouta ordability
concerns the question of quality. We must
understand that the aspect of quality,
especially in the realm of aerospace power,
can never be compromised — not only
in our equipment which has to be state-
of-the-art but, most importantly, in our

52

people and their training. Our training
domain is an important Key Result Area
(KRA) for us and we have instituted many
long-term initiatives to streamline it even
further.

Importance of Information

Warfare

Information technology in recent times

is being recognised as a key to warfare.

Developing space and cyber warfare

capabilities will require a well thought out

and a time-bound implementation plan.
e IAF will remain at the vanguard of

development of India’s space and cyber
space, and, hence, it is best suited to steer the
future exploitation of our joint capabilities.
As an organisation, in addition to focusing
on platforms and weapons, we also need to
address the information domain as a key
force multiplier.

Some Future Propositions

At the end, let me now put forward some
future propositions about aerospace power
and its continued relevance in the 21st
century. To all air power enthusiasts, | can
con dently say that despite constrained
resources, there is no need to worry about
the future growth of aerospace power.
I do not foresee any future operational
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contingency where aerospace power will
not be employed, be it for control of
the air, situational awareness, advanced
Intelligence, Surveillance, Reconnaissance
(ISR) and precision strike capability or in
other cases even for supporting any surface
based operation by providing tactical and
strategic transport support.

My second proposition concerns the
scenario often painted by some experts
outside the aerospace fraternity that we are
presently witnessing the last of manned
aviation and here onwards, unmanned
platforms would rule the skies. Let’s assume

for amoment that we fully automate the air
transport role as these are in any case being
flown virtually autonomously for most
part of their mission. e big question, of
course, is how many people would prefer
to entrust their safety entirely to machines?
Similarly, if we look at automating the
combat platforms, we will need to be
clear in our minds whether we are ready
to devolve life and death decision-making
authority entirely to machines. It will be
wrong to take the human element totally
out of the loop and rely only on data-links
and satellites. It is precisely these factors
which will ensure that manned aircraft will
continue to operate for a very, very long
time in the future.
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Air Commodore KA Muthana in first flight of Tejas SP-1

AWViablejEcosystemifogDevelopmentiofgAeronalitics]

This is an examination of what
constitutes a viable ecosystem for
development of aeronautics, from
the perspective of a test pilot. What is an
ecosystem? A de nition of a biological eco-
system could be “a biological community
of interacting organisms and their physical
environment that work together to remain
healthy.” Business ecology is based on the
elegant structure and principles of natural
systems. It recognises that to develop healthy
ecosystems, leaders and their organisations
must see themselves and their environments
through an ‘ecological lens.’

If any plans exist for building an
aeronautical ecosystem in this country, |
hope that such plans will be implemented
soon. If a plan does not exist, it is high time
that we make one. Once an ecosystem is
made, its healthy sustenance will depend
on the ethos adopted for its functioning.
I would like to suggest one: from a ‘make
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in India’ e ort, | have chosen a ‘made in
India’ one.

There is that famous poem by
Rabindranath Tagore ‘Where the Mind is
Without Fear’, published in the year 1910,
that reads thus:

Where the mind is without fear and the
head is held high;
Where knowledge is free;
Where the world has not been broken up
into fragments
By narrow domestic walls
Where words come out from the depth of truth;
Where tireless striving stretches its arms
towards perfection;
Where the clear stream of reason has not lost
its way
Into the dreary desert sand of dead habit;
Where the mind is led forward by thee
Into ever-widening thought and action;
Into that heaven of freedom, Father, let my
country awake.

Ivavui

It would be revealing if one did an
introspection of the functioning of our
organisations, and arrived at one’s own
conclusions on the extent to which such
‘freedoms’ exist. Some of the questions
could be: is the mind of every constituent
of our organisations without fear of unfair
retribution and are they able to hold their
heads high? Aside from IPR, is knowledge
really free owing or do we always keep
something up our sleeve? Are we fragmented
in our approach to nation building and is
there national visionary leadership capable
of breaking narrow domestic walls? Are we
capable of timely revelation of truth of an
adverse nature? Are we capable of telling
the whole truth? Or are we telling half-
truths which cloud the essence and make us
incapable of either seeking or being given
help? Are each of our constituents tirelessly
striving towards perfection or misusing
rules to while away time? Are we capable of



questioning the status quo and change, not
for the sake of change but to rebalance a
shaky ecosystem? Are we motivating each of
our constituents to ever widening thought
and action or are we telling them “not to
question why” but “to do and die?” e
ethos that this poem suggests is fundamental
to a thriving ecosystem. Its adoption and
spread is a function of leadership and not
of management. We need to lead more and
manage less.

Dilemma of the armed forces

As enshrined in the Joint Doctrine of the
Indian armed forces, “the national aim of
India is to create an internal and external

eminently defensible in a bygone era, is it
defensible today? | have been involved in
almost every recent major ghter aircraft
upgrade and development programme in
this country. My experience of contracts
with foreign vendors is that almost every
programme had run into trouble with
contract issues, product support issues,
transfer of technology issues and so on. At
the same time, domestic players promise the
moon, but do not live up to expectations.
The present plan should be to buy just
enough to keep our teeth sharp, while going
hammer and tongs, to force all players to
“make in India”. An ecosystem that supports
this philosophy will not only enhance

MTA, BTA, UT, AJT, LCA, AMCA,
MMRCA, FGFA, US-2 and a multitude
of helicopter and unmanned aircraft
programmes.

There are also varying plans for the
Army Air Corps, Naval Aviation, Coast
Guard Aviation and of course the Air Force
itself. If all are necessary for India to assume
its rightful role in the emerging world order,
then so be it ! But on a serious note, the
Government being the largest consumer
of these products, must publish a ‘white
paper’ on its perspective of the needs of
civil and military aviation sectors in India,
so that there is a clear focus and the relevant
ecosystem remains healthy.

Mix of combat aircraft types operated by the IAF today : MiG-21, Jaguar, MiG-27, Mirage 2000, MiG-29 and Su-30MKI : these are to be supplanted by the LCA,
MMRCA, AMCA FGFA in the next decades

environment, conducive for unhindered
economic progress and socio political
development to enable India to assume its
rightful role in the emerging world order.”

e armed forces are expected to contribute
to the shaping of India’s ‘internal and
external environment.” A prevalent thought
in the armed forces, therefore, has been to
say, “l do not particularly care where my
equipment comes from, but | want the
best that the money I have can buy.” While

security but also contribute to economic
progress of this country.

Definition of needs

ere apparently is general consensus on
the leadership role of aviation in driving
technology in the country. But there are so
many overlapping aircraft programmes. It is
perplexing and mindboggling! In addition to
numerous outright purchase programmes,
there are the Avro ‘replacement’, RTA,
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Need for leadership in the
political domain

A white paper such as the one mentioned
above can only be created in India by active
and decisive leadership in the political
domain. Inter-departmental and inter-
ministerial priorities and rivalries simply
will not permit emergence of a cohesive
paper without firm political leadership
and direction. National consensus can
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Members of an earlier LCA test team seen with LCA PV=1 (KH2003)

be attempted in parliament so that the
plan remains above partisan politics.
Establishment of a National Aeronautics
Commission under the PMO with executive
authority to enforce the white paper is an
essential step.

Management of flight test crew

In a country of 1.3 billion people, these
are less than 100 flight test pilots and
engineers ! Undeniably strategic assets,
these personnel must be treated and used
as such. Our greatest success in aeronautics
has been the Light Combat Aircraft and
it was acknowledged by the Air Chief
himself that continuity of test crew in
the programme has paid rich dividends.
Unfortunately, even today we do not have
a grip on how to produce enough of the
right quality and use them properly. Test
crew must be allowed to permeate every
aspect of design because, if not in depth,
they have the largest volume of knowledge
in the aviation world enhanced by their
ability to think in the third and fourth
dimensions.

Management of flight test

infrastructure

ese fall into two categories: terrestrial
and spatial. Terrestrial could be further
subdivided into airfield infrastructure
and Flight Test Instrumentation (FTI)
infrastructure. Ideally air eld infrastructure
must be close to development facilities and
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Bangalore without one’s concentration
being disturbed by interference from air
tra ¢ control. An all-new dimension that
will complicate the situation further will
be added when we start ight-testing the
larger UAVs.

In contrast, even a fly cannot enter
Area 51 in the USA, a country with a far
denser air tra ¢ environment. Sanctity of
test ying area in time and space must be
restored and sustained. HAL, as controller
of the test ying airspaces in the country
must be constituted into the National High
Level Airspace Policy Board. With respect to
frequency allocation for telemetry, NFTC
has been made to run from pillar to post
for more than two years by the Wireless
Planning & Coordination (WPC) Wing,
but to no avail! Even a direct request from
Secretary to Secretary across ministries failed
to elicit a response. So much for the existing
ecosystem!

@ HAL rotorcraft development projects, such as the ALH and

LCH (pictured here) have been reasonably successful

industry. eonlyair eld actively engaged
in development flight-testing in this
country is the HAL airport at Bangalore.
Unmitigated construction around the
air eld and resultant deterioration of the
environment means that disaster is just
waiting to happen.

AsfarasFTlinfrastructure is concerned,
there are about a dozen telemetry stations
within a radius of three kilometres of HAL
air eld. Can we rationalise, modernise
and timeshare? Spatial infrastructure can
also be subdivided into two: airspace
and airwaves.  ere are two test- ying
areas in the country, one supports ying
out of HAL Bangalore and the other out
of HAL Nasik. e former has already
been encroached upon and the latter is
being sought to be encroached upon.
One can rarely hope to execute a high
risk test point or execute a Mach run in
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Desired technology levels

When we design a strategy for indigenous
development of futuristic civil and ghter
aircraft, there are many issues that need
balancing. e ecosystem cannot exist in
a vacuum. It is important to understand
what contemporary world class is, in which
direction research is heading, and what our
ambitions for market access are. Without
such understanding, our products are
likely to be crippled on the drawing board
itself. Having understood and accepted the
present, decisions will have to be made on
whether to go for high-end ab-initio projects
or plan a graduated up-scaling.  ere has
to be a balance between ‘brochure-based’
demand from the end user and constant
whining of the designer as to why the user
wants a particular capability. If one is unable
to understand a requirement, one must have
the wisdom to accept a requirement from



expertsinthe eld. For example, it has been
found hard to explain to designers why
fusing of sensor information at the display to
provide immediately actionable intelligence
is as important if not more than achieving
sensor fusion at the acquisition end.

Next, our plans in the defence arena
must factor in the necessity to enable our
platforms to plug into other indigenous
systems such as IRNSS and Gagan. On
a related note, while we are discussing

LCA taking off during a display flight at
Aero India 2013 (photo: Angad Singh)

there is no apex civil certi cation authority
that is capable of mentoring a developer
towards civil certi cation. A uni ed body
that can share knowledge and experience
must be constituted under an Aeronautics
Commission.  ere isalso a need to develop
apool of this critical specialisation. Similarly,
there is no system in existence to licence civil
test aircrew to y military registered aircraft
even though such practice exists and must
be formally enabled.  ere is also a need to

The civil aviation sector also needs an augmentation of safety and certification bodies

development of futuristic ghter aircraft,
we must remember that ghter aircraft are
useless without sensors and weapons. While
one may consider sensors as organic to a

ghter, the same is not necessarily the case
with weapons and, therefore, development
of weapons must go hand in hand. Our
focus on development of smart air- launched
weapons has been weak and integrating
foreign weapons will always be suboptimal.

Unified certification, licencing

and investigating authority

CEMILAC (Centre for Military Airworthiness
and Certi cation) is a military body, as the
name suggests. DGCA is an o ce of the
Ministry of Civil Aviation and a regulatory
body primarily dealing with aviation safety
issues. While ad hoc arrangements may exist,

form a National Air Transportation Safety
Board under the suggested Aeronautics
Commission, to investigate accidents and
incidents that are outside the authority of
the Armed Forces.

Professional and empowered
project managers

Often touted as one of the weakest areas in
the Indian context, there is no reason why this
must be so. Firstly, it must be recognised that
this is a major problem area. Only then is
there hope of movement towards a solution.
We generally have ‘accidental programme
managers’ who fall into this position from
elsewhere and then blunder along. They
may not be adequately empowered with
executiveand nancial authority and remain
mere coordinators. Today, programme

11720151

management is a professional career and
these professionals come suitably armed with
powerful tools. Suitably talented programme
managers who are young enough to see the
end of a project must be entrusted with and
empowered to run programmes, while the
older ones are moved to mentoring roles to
ensure that experience is also brought to bear.
Unlike life, this is about the destination and
not the journey!

Concept of national teams

iS was a unique concept in the Indian
context, conceived by Dr Abdul Kalam. He
brought together nationally available talent
to form centres of excellence such as the
National Control Law Team and National
Flight Test Centre, which have been
unmitigated success stories and continue
their contributions to this day.  ere must
be no hesitation in constituting, for example,
a National Engine Team or a National
Navigation Team as centres of excellence
in their respective areas of specialisation,
whose products can bring everlasting value
to this country since they will be essential
even beyond manned aviation. Similarly, if
any element of the aeronautical ecosystem
runs into trouble, national resources can be
brought to bear in its aid.

In conclusion, it should be clear that
while evolving a strategy for indigenous
development of futuristic civil and ghter
aircraft, an initial step must be to conceive
an aeronautical ecosystem and create
its elements, or reconstitute existing
elements into the ecosystem. e essence
of functioning of the ecosystem must be
to retain all constituents in good health.

e time for talking is over and we need to
start walking !

Air Commodore

KA Muthana VSM (Retd)

Adapted from his Dr Neelakantan
Memorial Lecture at the 65th Annual General
Meeting of the Aeronautical Society of India.
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UAVs in lndia

he need for aerial surveillance
capabilities was realised after the
Kargil border war of 1999. Absence

ofe ective aerial surveillance delayed Indian
response and lack of real-time intelligence

and reconnaissance rendered counterattacks
and artillery redi cult.

Although the Nishant was already ‘in
the pipeline’, the system was not mature
enough and ready to deliver the performance

required by the Army. It took the DRDO
16 years before the  rst system was declared
operational with the Indian Army.

Indian interest in unmanned aerial
systems (UAS) had begun in the early

Searcher-I1
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1980s, the rst concept to mature into a
programme being the Nishant, as awarded
by the MOD to the Defence Research &
Development Organisation (DRDO) in
1988. Nishant made its maiden flight
seven years later, in 1995. e Army was
impressed, and planned to eld at least 12
systems to support its Divisions in the eld.

To enable this drone in getting airborne
and sustain operations, the Nishant is
designed for catapult launch and retrieval
by parachute, cushioned by an airbag.
While these functions enable deployment
from unprepared sites they also expose the
drone to excessive wear and tear, owing to
the impact of parachute landings.

Indigenous Technologies
While the Indian armed forces inducted
the Israeli Searcher and Heron UAVs with
their proven reliability and maturity, the
DRDO continued to develop its indigenous
unmanned systems capabilities, as part
of the national objective to attain self-
reliance in this important eld. Primary
areas of development are UAS ranging
from miniature to large. e Aeronautical
Development Establishment (ADE) is the
nodal agency in DRDO responsible for
UAS development and the Establishment
is developing low speed long endurance
types and high-speed systems, which include
pilotless target aircraft and cruise vehicles.
e most signi cant milestones have
been first flight of catapult-launched
Nishant in 1995, rst successful ight of
Rustom 1 and Netra multi-rotor quadcopter

The Golden Era — Indian
use of Israeli UAS

he Indian armed forces have well realised the need to close the airborne ISR

‘gap’ as massive felding of UAVs require the procurement of operationally
proven systems. When this requirement was sought to be met, only Israeli
systems were both combat proven and available. The Indian interest combined
with Israel’'s willingness to sell such advanced systems ignited the spark followed
by the infux of unmanned systems of different types, supporting Indian military
branches and national security agencies.

At frst, Israel supplied Searcher Is, as the system began phasing out of
service with the Israeli Air Force, which was followed by Israel Aerospace
Industries (IAl) Searcher Il that was publicly presented during the 2005
Republic Day parade. By 2006 India’s armed forces had nearly 100 UAVS in
service. Many Units operated mixed formations of Searcher Il and Heron I,
enabling users to beneft from extended mission endurance, and task-specifc
payload confgurations, supporting a wide range of missions and applications.
This massive induction of UAS propelled India to becoming one of the world’s
largest UAV operators.

Although these UAS were imported from Israel, the systems are fully
supported in India, by a joint-venture company established between IAl and
HAL. Cooperation is also underway regarding payloads, operators training and
support. Operationally, the Israeli UAS have demonstrated excellent readiness
and reliability. According to IAl, the mission readiness of the Heron feet that has
recorded over 300,000 operational Fight hours with 20 customers is over 95%, far
above the average availability of manned aircraft. One of the attributes of the
system'’s safety and performance is automatic takeoff and landing, eliminating
the need for an ‘external pilot’ (the human control on takeoff and landing found
to be the cause of many UAS related mishaps).

The numbers of Israeli-origin UAS operating in India is expected to grow
further, with the introduction of new UAS units and expanding the missions of
existing formations. The Indian Army plans to feld UAS units supporting every
battalion of the Mountain Strike Corps; the Indian Navy plans to expand its
inventory, operating drones with four units, performing maritime search and
coastal security. The Indian Air Force is also expected to expand on use of UAS,
with the induction of drones capable of carrying heavier payloads, for long missions.
More systems are expected to have satellite communications, expanding the use
of drones in mountainous area or over the sea. Improved payloads and datalinks
also mean these drones will be able to deliver video, thermal and radar imagery
at higher fdelity and enhanced real-time intelligence to support users.

Among the Israeli drones reportedly being considered are the Super Heron
and Heron TP from IAIl. Beyond the systems, Al is also offering new mission
payloads, including electro-optical payloads and datalinks supporting new high-
defnition standards in the visual and infrared bands. Other payloads would also
include signals intelligence, synthetic aperture and surface search maritime
radars for maritime surveillance.

1/2015
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in 2010. During 2014, the DRDO marked
several evolutionary milestones with its
UAVs, with first flight of the ‘Imperial
Eagle’ mini-UAS, and rst conventional
take-o from arunway of a wheeled version
of the Nishant, called Panchi. e most
signi cant programme is the Rustom Il
Medium Altitude Long Endurance (MALE)
drone, which carried out taxi tests in 2014.
Flight-testing is planned and will take place
in 2015.

e Indian Army is also seeking to
expand the use of drones at the tactical level,
planning to eld a number of miniature
UAS in support of battalions and brigades
inthe eld. At these levels, UAS are required
to operate as organic assets, supporting units

with real-time reconnaissance and force
protection. In addition, artillery regiments
are also operating tactical drones that provide
real-time target acquisition, re direction
and battle damage assessment for artillery
formations. e Army has considered several
tactical UAS development programmes
carried out under cooperation between ADE
and Israel Aerospace Industries (1Al), based
on IAI's I-View programme however, these
have not yet reached maturity.

e
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As decades have passed and
technologies improved, the Indian Army
can now benefit from far improved
capabilities. Foreign developers are now
o ering small, tactical UAS with much
longer endurance or improved payload
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capacity. Among these are the electrically
powered Panther tilt-rotor UAV from 1Al
that can carry 8.5 kg of payload on a 4
hour mission, or the Birdeye 650D, that
carries a payload of 5 kg on a mission
that can last 24 hours. Another system
likely to t the requirement is the Boeing/
Insitu RQ-21 Integrator. e company is
also promoting the Scan Eagle in India, a
drone uniquely tted for operation from
naval vessels.

e tactical UAS category currently in
service supports division level operations,
which includes drones such as Searcher
Il (or Panchi) that cannot advance with
the forces, as they require runways and
considerable logistical support for continued
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operation. Contemporary electrically-
powered miniature UAS, particularly
those designed for vertical take-off and
landing such as the Netra multirotor
and 1Al Panther tilt-rotor drone, enable
deployment in the eld by tactical forces
and such drones can well be deployed with
lower echelons. ey are particularly useful
in support of forces operating in crowded
urban areas or in the jungle, where buildings
or vegetation hinder safe landing. Electrical
propulsion also means such mini-drones
remain effective even when operated in
mountainous terrain, at altitudes that would
prevente cient operation of small internal
combustion engines. e low thermal and
audible emission means these drones can
operate virtually unnoticed by the enemy,
particularly at night.

The Indian armed forces are also
interested in more conventional mini-UAS,
one of whichisthe RQ11 Raven B, developed
by the US company Aerovironment. During
his recent visit to India, US President Barack
Obama reportedly discussed the prospects
of such mini-drones to meet Indian
military requirements. Under the renewed
bilateral Defence Technology and Trade
Initiative (DTTI), India and the USA will
reportedly develop an enhanced version of
the Ravento o er longer mission endurance
(up to six hours) and extended range (up to
18 km). e opportunity is likely to follow
an agreement for local manufacturing of
UAVs, which was signed by Dynamatic
Technologies and AeroVironment Inc. in
2013.

The collaborative development of
mini and Micro UAS is based on India’s
existing activity in this eld, since Indian
SMEs, primarily private sector enterprises,
have been developing such systems for
several years. Such innovation is made
more attractive owing to potential civil
application of the UAS, access to technology,
and prospects for export, encouraging
investors and entrepreneurs to invest in
UAS technology.

Netra mini-quadcopter, developed
by Bangalore-based IdeaForge is another
such system, which has supplied systems
to the DRDO as well as to a number of
military and law enforcement users. Among
the applications for these drones are for
wildlife preservation, public safety and law
enforcement over crowded urban areas with
aerial reconnaissance used as  rst response
in emergency situations. Despite the clear
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advantages of such means, UAS operations
in civilian managed airspace is still limited
by lack of regulatory control, given the
potential risks UAS pose to ight safety.

Drones with a Punch

Intelligence Surveillance Reconnaissance
(ISR) is a ‘must have’ capability for
armed forces today and as China develops
a comprehensive range of unmanned
systems carrying o ensive weapons such
drones are likely to be given to Pakistan
sooner or later, and India must prepare an
e ective response. To address the military
requirements for weaponised unmanned
systems, the Indian establishment is
reportedly pursuing indigenous capabilities
to develop, manufacture, operate and
support platforms and technologies related
to drone weaponisation. e responsibility
for such systems is between the ADE for
developing weaponised MALE drones
and Aeronautical Development Agency
(ADA), responsible for the development of
Unmanned Strike Air Vehicles (USAV), as
part of its mandate.

The most important such Indian
development is the Aura USAV, the most
ambitious unmanned aerial system being
developed by ADA. e Aura is being
designed as a blended wing body, having
low-observable (stealth) capabilities. e
drone will weigh about 15 tons and will
be powered by a single turbofan engine
(likely the Kaveri, originally developed
for the Tejas Light Combat Aircraft). s
powerplant will be able to accelerate the
drone to supersonic speed (Mach 1.2) at
an altitude of 30,000 ft. It will be able to
carry stando precision strike weapons in
two internal weapons bay, thus maintaining
low radar cross section throughout the
mission. Low-observability will also enable
the Aura to carry out stand-in ISR and strike
missions, enabling the air force to operate in
contested access or denied enemy airspace.

However, the Indian armed forces
would have the capability to operate combat
UAS much before the Aura becomes
operational, since some of the drones it
already has can potentially carry external
stores. For example, foreign media sources
have been claiming for several years that
Israel’s UAVs (Heron |, Heron TP, Hermes
450 and Hermes 900) are capable of
carrying guided weapons, just as their US
counterparts (Predator, Reaper) can. Israel
has never commented on these claims,
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referring to all air strikes performed by
its air force as done by ‘aerial vehicles’.
IAl is currently o ering the Super Heron
to India, which drone is powered by an
engine operating on heavy fuel, thus more
suitable for operations from forward elds.

e Super Heron has a payload of 450
kg, enabling the use of multiple internal
and external payloads and stores. India is
operating scores of Heron Isand, according
to sources, also the larger Heron TP that can
carry up to one ton of payload.

The Rustom 11 is another platform
designed for ‘offensive ISR’. The twin-
engined drone will be powered by heavy
fuel engines, with about $350 million
committed for the initial production of 10
such drones. Rustom 11 will be able to cruise
at an altitude of 30,000 ft. for 24 hours,
carrying multiple payloads and weapons at a
total weight of 350 kg. Rustom Il has been
planned to complete development by 2017
but delays in ight testing could postpone
the in-service date.

Other systems already operational with
the Indian defence forces are the Harop and
Harpy lethal drones, delivered by Israel’s
IAL.  ese loitering weapons are designed
for a single mission, which is to be ‘suicide
drones’. e UAV platform carrying the
warhead is equipped with datalink and sensor
payload and is programmed for autonomous
operation with ‘man-in- the- loop’ control,
enabling them to be used as loitering weapons
for search and destroy missions. Employment
of such drones is reserved for high intensity
con ict, to neutralise enemy air defenses and
missile threats. e use of limited numbers
of loitering weapons such as the Harop are
particularly cost effective in performing
‘0 ensive ISR’ against high value targets,
on land or at sea, where rapid reaction is
top priority.

The Harpy is fitted with RF
sensors designed to detect radars and
communications emitters, enabling
suppression of enemy air defense (SEAD)
and can be operated in synch with other
SEAD means, supporting o ensive strikes
deep within enemy territory. Harop is

tted with gimbaled, electro-optical sensor
designed to function in ISR and target
acquisition applications. Harop has a range
of 1,000 km and loitering endurance of
6 hours. Both drones will terminate their
mission, ‘screaming down’ on their target

in a steep dive attack.
Tamir Eshel
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An ‘open source’ assessment of the LCA’s status

cialannouncements on “progress”

of the LCA cause more worry than

cheer. e postponements are now

routine. In December 2013 we were assured
that we should have two series aircraft by
March 2014. What we got was one aircraft
in October.  at works out to half of what

was promised after a delay of three hundred
percent. e delays we are used to; the worry

is that after sixteen machines and 2700+
sorties, is the programme so unsettled that
itisdi cultto get reasonable dates?

And FOC by May 2015 ? Doubtful.
At best we might have the end of factory

Ivavui

testing and the formation of a Handling
Flight. is will be followed by the raising
of the rst LCA squadron with realistic
I0C. e real troubles will begin then.
As the new machines are bedded down
in squadron service they will require
support. If the squadron was raised at AFS
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Halwara or AFS Hashimara it would have
been a strong endorsement of the LCA’s
serviceability. By locating it at Sulur, 200
kilometres from the coastline and not a
pressing air defence priority but close to
HAL/ADA at Bangalore gives a message that
the current serviceability may be doubtful.

e product needs support. If so, why not
raise the rst squadron at AFS Yelahanka?

e tart comments that may follow would
be unpalatable but we can live with that as
the troubleshooting will be faster.

A simple comparison
Given the above, the average ‘LCA Watcher’
is better 0 relying on peasant common
sense to evaluate status of the programme.
is below is my assessment and is made
from what is available reliable ‘open source’
information (parameters compared with
all aircraft in ‘clean’ condition with full
internal fuel). In the table, I have compared
the LCA MKk1 with the competition. From
the gures emerged, some obvious “what if”
questions which lead to simple suggestions
of course correction.

To the average reader the gures are
self-explanatory so | will restrict myself to
comments after giving the usual caution
that such gures are comparisons for two

ghters in vacuo. All kinds of factors play
a role in the outcome of any engagement
not the least being X vs X combat. My own
reactions after studying the guresare these.

i &4

First the bad news

We have a fairly mediocre  ghter somewhere
between the Gnat F.1 and the MiG-21
on our hands. Hence the 1AF’s present
reluctance with the Mk.1.

© Both the F-16 and the JF-17 will give
the LCA Mk.1 a hard time. e F-16A
will be particularly dangerous. Even
against the JF-17 it would be a Mysteres
vs Sabres kind of a situation. | do not
have much faith in the “great equaliser”
capabilities of BVRs as of now. BVRs are
not the weapon for a little LCA. Hence
the JF-17 will also be a very dangerous
opponent no matter how much we
snigger about that Sino-Pak aircraft.

@ As a MiG-21bis replacement, the LCA
is a failure because the general rule of
thumb isa 15 % increase in performance
and capability. The LCA Mk.1 does
not measure up. However, the landing
speed and the cockpit displays will be
better than the early MiG-21s which
will help reduce accidents but let us not
fool ourselves of having developed a
MiG-21 replacement, particularly as an
interceptor.

So what do we do?

And now the good news

e good news is that the LCA Mk.1is a
good replacement for the Hunters, Gnats
and Mysteres of yore and to a certain extent
the Sukhoi Su-7 that we had in '71. We had
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around 23 squadrons of these and the LCA
could well be a candidate for ground attack
tasks which, to me, was always at the core
of the Air Force’s business.

How do we go about that?

@ Asthingsare going, come 2020 the IAF
will be forced to use the Su-30MKI or
the Hawk for close air support. Neither
bears thinking, to my mind. However,
the LCA particularly given its small size
will be better in this role.

@ e IAF is allergic to using transonic
aircraft, after having lost Hunters to
MiG-19s and Mirages Ills at Talhar
and the gallant Sgn. Ldr. Mistri’s loss is
still remembered. However these losses
were also because of zeal which should
on occasion have been restrained.

@ e IAF has to be persuaded to accept
the LCA with minimal improvements,
con ned to improving critical platform
performance parameters. e LCA for
close support with Su-35 as top cover
could be source of envy and a model to
follow for many countries.

@ To obtain that performance
improvement, weight of the LCA has to
be reduced to the original target of 5500
kg. If necessary, some equipment has
to be deleted. e rst to go will be
the ight refueling. FR is an extremely
expensive force multiplier and I cannot
imagine using FR resources ona ‘puny’
warplane such as the LCA. If the IAF
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F-16

Gnat (not to scale)

is adamant, keep only a small number
of LCAs with this facility. | remember
developing and producing a Soviet
(very ‘Heath Robinson’ but e ective)
Arctic heating system for the T-72 (it
thawed out the lubricant, fuel and the
engine and used the remaining heat
to warm the ghting compartment)
for the Army. They equipped only
one third of their eet and we lost a
lot of business!  ere is no hard data
onthee cacyof BVR. eBVRissue
has to be debated constructively with
TACDE help.

Weight improvement is the key

If we accept the above, then the question is
how much are we going to get by ‘weight
improvement’? In the table, the LCA
(5400) is an indication of how the LCA
would stack up if we reduced the basic
empty weight to 5400 kilos. We see that
the LCA (5400) immediately becomes a
reasonably competitive aeroplane against
the competition. e question is “can we
have an LCA at a basic empty weight of
5400 kilos ?”

What should be the weight of
LCA Mk.1 ?

The starting point of this estimate is
airframe of the HF-24. 1t was 2618 kilos
including the cockpit canopy but excluding
the undercarriage. My estimate is that
the LCA airframe is about 10% smaller
and should weigh (in all aluminum)
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about 2400 kilos. If we now factor in
weight savings thanks to use of 65%
composites, the LCA airframe should
be 20% lighter. If not, then why are we
using a strategically vulnerable material

like composites since we don’t produce
the stu ?

So the airframe of the LCA should
weigh no more than about 1900 kilos, or
about 2000 kilos as a rounded gure. Lets

Aspect Ratio (AR) is will give a clue as to which way we should head.
: . Clean full fuel weight divided by wing area. kg/m2\.
g Lotz (L) gives instantaneous rate of turn.
Engine thrust in kg by above wt. multiply by 10 if you
are a Newton fan. Where two gures are given it is full
. military and afterburner thrusts. e MiG-21 Bison’s
pon g () R.25 has two afterburner conditions, so two such T/W
is given which indicates the aircraft’s ability to ght in
the vertical plane.
Ideally I should have Sustained Excess Power but have
substituted it for ID by  rust. s is the percentage
I;‘l‘)i“/fl‘fd Drag by Thrust of engine power used up by induced drag in a 3g turn
(ID) at 350 knots and gives a fair indication of the aircraft’s
ghting abilities in the horizontal plane.
Type AR WIL /W ID/T
LCAMk. 1 1.8 242 0.52/0.84 0.35
MiG-21 Bis 2.2 354 0.64/0.87/1.14 0.39/.32
F-16 A 3.2 408 0.64/1.15 0.244
JF-17 3.7 372 0.48/0.95 0.23
LCA (5400) 1.8 212 0.6/0.98 0.28
LCA (5400/2.5) 25 208 0.6/0.98 0.20
Gnat F.1 3.6 237 0.71 0.20
Super Gnat (Adour) 3.6 286 0.95 0.24

VAYU



add up : we see that when added to the
airframe weight we get a total 4100-4200
kilos. is gives a margin of 1.2-1.3 tons
for all the remaining weights of brackets,
cabling, piping, controls, shrouds and
other items. ADA itself had maintained, for
decades, that the basic empty weight of the
LCA was around 5500 kg, only to spring a
surprise before 10C that the thing was 1.3
tons Overweight !

Fuselage lengthening

e requirement of minimum length of
fuselage for a given cross section (CS) to get
the desired C 0 is well understood. | have
always maintained that the LCA’s fuselage
was too short for its CS resulting in excessive
drag. My guess is that at low level she will
not do more than M 0.95 for all practical
purposes. Most  ghters of this genre have
had fuselage lengths between 14 and 15
metres at least. | am putting below some

gures which relate only to F404 engined
ghterssothein uence of the engine length
on fuselage length is avoided. e

® Gripen C 14.1 mts
@ Lavi 14.39 mts
@® F-20 14.2 mts
©® LCA MK1 13.2 mts
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Drawing by Professor Prodyut Das

ere are talks of increasing the fuselage
length now. is point required pondering
long ago, perhaps even as the rst layout
studies were coming o  the printer.

Weight breakup
Undercarriage 250 kilos
GSh 23 mm cannon 50 kilos
F404 engine 1000 kilos
Ejection seat 90 kilos
Accessories gear box 45 Kilos
Multi mode radar 130 kilos
Other avionics 180 kilos

(including FBW related)

Constant speed drive 40 kilos
ECS 30 kilos
Battery Main and Standby | 50 kilos
Generators main and standby | 60 kilos
Hydraulics and controls 260 kilos
Total 2185 kilos

Tweaking the Wing

e LCAsu ersfrom having one of the lowest aspect ratios ever inany  ghter resulting in high
induced drag in combat. Instead of a major redesign of the wing, gives what would happen
if the wing was ‘tweaked’ to have an AR of around 2.5 as with LCA (5400/2.5).

e design
con icts for this would be to increase the span but with minimum increase
in wing area to improve AR. | have increased the span by 1800 mms to 10
metres and the WA goes up to 40 sg. mts, which is a 3 sq mts increase. Keep
the tip width as large as possible (but con icts with minimum area increase
above) in any case not less than 0.5 meters to keep the landing speed Reynolds
number within steady ow. Otherwise she will rock/ wobble when coming
in. Why overwork the FBW? Some tip camber may be required.

e logical solution is a trapezoidal extension. e hand sketch shows
half the wing planform. e resultant ‘kink’ may need a fence/acorn to
straighten ows there. Don’t invent, use the MiG-21's fence to start with as
the ow number will roughly be same. e Vmax and the rate of roll may
go down by about 5% (visual estimate) but we would have a ghter which
would stand up quite well to the F-16 in a ‘real world’ situation of 2 vs 2
or 4 vs 4. | had made a similar suggestion about tweaking the MiG-21’s
wing. e Chinese did something on those lines with their F-7P clone much
later and reported excellent improvements. On the Gnat, Super Gnat and
Hunters, I will write about at a later date but for the present, they show
how much simpler and quicker it would have been for all of us to have
based our design on the Gnat with just the smallest of improvements.  is
should have been seriously investigated then with the IAF supervising. It
would be an excellent aircraft with plenty of potential for people building.
It would have also been a short, low cost project which may have been the
reason why it was ignored! It is still relevant with excellent export prospects.
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What is to be done?

If we let things continue as they are, nothing
will happen. ADA is an organisation which
is risk averse. We have an excellent record so
far (touch wood!) of no crashes but there is
no prize for that. Saab, General Dynamics
or Airbus are no fools and, in any case once
the LCA gets an 10C (the actual one) we
will have crashes, because nobody is better

thanaFlying O certo nd obscure design
faults in an aircraft.

So here goes:

@ This business of maintaining crash

free record is to be closed. Crash free
development, once you have enough
prototypes, cannot continue to be a
critical performance parameter. We

The initial design of the LCA, as proposed by the German firm MBB in 1984 had a compound delta
layout, which would have met or even exceeded the performance requirements. Alas, this approach
was dropped and the straight delta plan form adopted in 1987!

VAYU

have already beaten all world records
for all time, so let’s get real.

There are two basic problems with
the LCA : one is the weight and some
aerodynamic re nement, the second is
the slow production. Let’s discuss the
second problem rst.

@ Get a team which will ramp up

the production, present faults and
limitations ezz/. e Hunter Mk.1 was
riddled with problems but Hawker’s
produced 160 of them, warts and all.

For ramping up production, my

suggestion, is to get the HJT-36

prototype management team back.
ey have performed !

The team’s task would first be to
produce all forty LCAs ordered as fast
as possible. e second is to have, by
20186, the plan to roll out LCAs at the
rate of 60 per year and to have, by 2018,
that capability in place. Even at that rate
we will need ten years to complete the
anticipated requirement.

If resources cannot be found to produce
more than the 14-16 per year then
examine seriously whether we should
have ambitions to be in this class of
aircraft. During the days of “planned
economy” the production rate of
scooters was pegged at 100,000 p.a.
well below an economic production
rate, which encouraged a thriving black
market.

There can be no “wait until the
design is proved”. This is either a
delaying tactic or lack of con dence
masquerading as wisdom. You either
believe in the certi cation process or
do not issue a certi cate. You can't
have a certi cate and then go slow.

e idea is to protect airspace not the
certi cate. By going too slow we are
killing the LCA project by creating a
force majeure condition where imports
may be the only recourse.

Shying away from hidden faults is a
wrong philosophy. Problems have to be
hunted out and exposed by intelligently
planned ight tests.

e problems are persisting not because
of ‘high technology’ but because of
ADA’s style of management. How else
can one explain that the overweight
problem was sat on since 1996? Why
was the fuselage extension not handled



Check it out !

@ Like the Kaveri, the LCA requires not more development but refnement.
Lack of leadership in design both overall and detail has been a conspicuous
and visible weakness.

@ The product, in terms of the letter of the law, has failed to replace the
MiG-21.

© LCA can however be a good clear weather strike aircraft which is what
every AF needs in large numbers.

© To achieve the above, structural weight needs to be brought down. If still
wanting, review some of the ‘occasional use’ equipment in the specs. And
throw them out!

© We must snap out of the small annual production mind set. This will result
in replay of the HF-24.

® In the absence of having anything better, get that HJT-36 development
team back. Yes, they made mistakes but they made them fast and would
have corrected them fast.

® This team should work on: improving the production rate to 60 per year
and to build all 40 aircraft ordered (warts and all) by 2017. No more pussy-
footing about further improvements because improvements are endless.
® Stop thinking about the LCA F414. The pure delta, with or without FBW,
is a dead end in fghter design. Better think of using the basic fuselage
with a conventional shoulder wing and tail, a la Gnat. Conventional wings
are more ‘tweakable’ and in any case all the other ‘stuffng’ will largely be
the same. All this, only after skills have been demonstrated by getting the
LCA MK1 right.

© Focus on the post-natal period of LCA's I0C. The HF-24 was often AOG'ed
because of a lack of split pins! | am not being skittish when | say raise the
frst squadron at Yelahanka,

@ Just as GTRE has to be reorganised, so does ADA if it is to be effective.
Aircraft design is not all ‘science”. It still is an art. We always had the
‘science’ part but in setting up ADA the ‘art’ part was clearly neglected.
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somewhere around 2005 when the  ight
trials must have shown up the excessive
drag ? Weight and drag improvement is
not high technology.

@ Limit work on the LCA to basic
experimental development. Do not
form a committee to just tweak the
wing; study ferry tips of the Harrier
and do a x using perhaps wood or, if
you must, a foam and e-glass strap-on
to verify the idea.

The LCA F414 - stop it !

ere have been noises about getting the
“right” aeroplane in form of the F414-
powered LCA MKk.II. This rings alarm
bells of all kinds. A new engine, new ducts,
weight increases, new or re-written FBW(?),
a new rear fuselage. We are hatching
another wild goose to chase. e Swedes
have increased the Gripen’s fuselage length
to 15.2 mts and the internal fuel capacity
(by a 1000 kg more than the LCAs ) in the
similarly powered Gripen NG. e LCA’s
proposed 0.5 metres increase in fuselage
length will surely reduce the Cd_but it will
not allow fuel capacity increase of more than
250 litres at best. We will be fuel short with
the F414. In any case, the pure delta, with
or without FBW, is a dead end in ghter
wing plan forms.  ere isonly so much you
can do with it. Putting a more powerful
engine to overcome sins of past, and present
inadequate design supervision will result in
a weight spiral to give us a ‘barn door’ and
that too after uncontrolled delay. e LCA
FA414 will be a great help to those who are
looking for a big, fat well-funded project
with no timelines and no accountability.

I think if we just focus on the weight
reduction, we will get a useful enough
warplane. After that only minor tweaks,
may be the wing tweak, should be done. We
could, after the rst hundred LCAs, talk in
terms of a dedicated ground attack ghter
with a MiG-27 style nose, 30 mm Gast gun
(I think the Russians have one) and some
armour up to STANAG 2 level to reduce
vulnerability to Jow cost AAA defenses
(LMG, MMG etc.). Warfare nally boils
down to economics and losing a warplane
to an F-16 is perhaps acceptable but losing
it to a 19" century jezzail rankles !

ISRO and ADA : a case study

When INCOSPAR (later ISRO) was set
up, the ‘Essential Critical Technologies’ for
interplanetary ight were well known. e
guiding lights of the ISRO programme,
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Impression of the Advance Medium Combat Aircraft (AMCA) issued by the Aeronautical Development Agency

with humility of the truly wise, ignored
critical technologies and set about with
humble programmes for people building :
range safety procedures, launch procedures,
simple instrumentations small programmes
where failures trained the people to take
carefully calculated risks. e rst ISRO
rocket went up to 42,000 feet and was
launched from what looked like a footstool
and some ironmongery. e mentors of
the programme did not shy away from
risks and failures and kept a low pro le.
There was never any desire to “show”
anyone anything. After thirty years (by
the early nineties), ISRO had exceeded its
original mandate handsomely. e recent
Mangalyan has shown not only the skills
but also any uniquely independent Indian
approach, priorities and philosophy to
space ight. ISRO is a world leader in low
cost space ight and a triumph of Indian
abilities.

The bureaucracy that created the
ADA had the mandate to create another
ISRO. ey well could have. What they
did was to create not a thought leader
but a paradox — a dependant rival — made
worse by a monopoly. s was repeated
with the GTRE. It is not surprising that
the Tejas programme is just where the
Kaveri was - almost there but, like the
frog in Xeno’s paradox, it will never get
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there. Indignation is one thing but is there
anyone on the programme who can give a
credible date by which the aircraft will be
‘fully ops’ ?

Study the real causes of delay
Much is made of the e ect of sanctions and
funding in delaying the project but were
these only causes for unacceptable delays?

ere must be an investigation on the e ects
of indecision and perhaps unprofessional
decisions where the progress of the project
suffered. How much time was wasted
in removing leaders who dared to think
independently?

The premature roll out of TD-1 is
alleged to have set back the project by
twenty months as reportedly the whole
thing had to be re done. How much time
was spent between the prototype being
ready and the decision to ythe rst sortie?

ese three alone may have contributed six
years in direct delays. How much time is
spent in ensuring “safety” to ensure a “crash
free” development programme? Should
resources have been allocated, for example,
to the development of a turbo starter when
there was allegedly a resources crunch that
was holding up the main project?

e India-wide network of supporting
institutions for the LCA programme
certainly created a vote bank that would
support the project to the hilt, its reviews
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and the requests for funds. We should
examine what was the costand e ectiveness
of the concept in terms of time required
to review and supervise projects at distant
stations? What was the mechanics of the
remarkably indulgent project reviews at
the highest levels that made a mockery
of accountability?  ese are signi cant
questions because unless these are analysed
and lessons absorbed any future programme
such asthe fth generation and the AMCA
will go the same way.

Everyone loves a good drought
Public spending is always attractive for those
who get to spend the money. It would appear
that somewhere in the warrens of policy
making there are people who want the LCA
as a big fat project; they want it to continue
inde nitely so they do not want it to succeed.
e fact that we have the LCA ying is
proof that at the engineering level there is
no shortage of necessary skills. e problems
of the LCA are simple and correctable. ey
must have been all known within the early
months of ight testing. A reasonable sized
group of young engineers suitably mentored
could have solved them long ago.
The question that must haunt the
Defence Minister today is : why were the
problems allowed to fester for decades ?!

Professor Prodyut Das



Thunder thel Nonth=Westi=

s its initials are intended to convey,
Athe JF-17 is a ‘Joint-Fighter’ whose

evolution has been dictated by both
pragmatic industrial compulsions as also
strategic considerations. e ghter was
essentially developed to meet the Pakistan
Air Force’s requirement for a modern (and
a ordable) multi-role combat aircraft to
replace the obsolescent types in PAF service
including the Chengdu F-7 and Dassault
Mirage 111/5 which types have constituted
bulk of that Service’s combat fleet since
the past several decades. e aircraft was
also intended to have export potential as a
cost-e ective and competitive alternative to
the expensive Western-origin - ghters flown
by scores of Air Forces in Asia, Africa and
Latin America.

In 1995, Pakistan and China signed
amemorandum of understanding (MoU)
to develop a new generation ghter and over
the next few years, dedicated teams worked
on the project. Interestingly, it was in June
1995 that the famed Russian aircraft design
bureau (RAC-MiG) reportedly provided
“design support” which also involved
the secondment of several engineers to
China. In 1999, the Chengdu Aircraft
Industry Company (CATIC) came into
a formal agreement with the Pakistan Air
Force (PAF) for joint development and
production of the JF-17.

is joint Sino-Pakistani single-engined

ghter was developed, conceptually, as a
‘modern MiG-21". Given how global ghter
eets have declined since end of the Cold
War, the objective seemed sound: a low-
cost ghter which did not present major
technical challenges and that could serve as
an a ordable option for revitalising many
air forces. Like many such low-end projects,
however, the “good enough” JF-17 has yet
to catch on with certain Air Forces which
remain xated on prestige and technology.

Prototype of the JF-17 was rolled out
on 3 September 2003, and test-flights
were thereafter made by both Chinese
and Pakistani pilots. JF-17s were initially
being manufactured in Chengdu, Sichuan
(42%) and Kamra in Pakistan (58%). e
Pakistan Air Force shortly named the JF-17
as‘ under’, while the Chinese designation
‘FC-1 Xiaolong’ means ‘Fighter China-1
Fierce Dragon’. The JF-17 is sought to
become the backbone of the Pakistan Air
Force (PAF), complementing the General
Dynamics F-16 Fighting Falcon and the
inde nitely delayed order for the Chengdu
J-10.

A second prototype ew on 9 April
2004 and was followed by another four
(including one for static load testing) before
eight small batch production (SBP) aircraft
were completed for continuing development
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and clearing various stores and systems. ¢
SBP aircraft joined the Test & Evaluation
Flight at Kamra in 2008 which successfully
achieved initial operational clearance (I0C),
optimising the JF-17 for squadron service.

e JF-17 is powered by the Russian-
origin RD93 turbofan engine (further
developed from the RD33) which gives it
a (smokeless) max speed of Mach 1.6. An
agreement with Russia was initially signed
in August 2007 for further procurement
of 150 RD93s to power the JF-17s and
the PAF is reportedly very satis ed with
this powerplant. e aircraft has multi-
role attributes and is employed for air
defence, tactical reconnaissance and ground
attack, carrying a variety of weaponry,
including air-to-air and air-to-surface
missiles, apart from its 23 mm GSh23-2
twin-barrel cannon with 180 rounds. JF-
17s have reportedly been ‘blooded’ in the
ongoing operations against militants in
North Waziristan.

e JF-17 hasamodern avionics package
comprising a weapons and management
computer, GPS and INS navigation,
wide-band radios and a comprehensive
self-protection package including chaff
and are dispensers and a missile approach
warning system, besides a KG-300G self-
protection jammer. e glass cockpit is
compatible with night-vision equipment.

*of India
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AJF-1 7-T}_|_um-i_er_ squadron took part in air exercises with the PLAAF in 2014

It has the Nanjing KLJ-7(V)2 radar, also
co-developed and co-produced by PAC.
This X-band fire-control radar uses a
mechanically steered slotted-array antenna
with multiple modes, making it suitable for
the air-to-air, air-to-sea and air-to-ground
roles. e radar can reportedly scan over
40 targets, track up to 10 of them in track-
while-scan mode and simultaneously re
two BVR missiles. This radar, together
with SD-10A active BVR air-to-air missile
gives the PAF BVR capability and adds
to the aircraft’s air combat prowess. e
PAF hopes to upgrade the system to an
AESA radar.

The air-to-ground and air-to-air
weapons include the PL-5EII advanced
short-range air-to-air missile and high-and-
low drag Mk92, Mk83 and Mk84 bombs.

e JF-17 can carry a laser designator and
targeting pod, allowing the use of LT-2
and LT-3 laser-guided bombs as well as the
LS-6 satellite-aided inertially guided bomb.

e C-802A radar guided anti-ship missile
gives the aircraft an air-to-sea capability, but
modi cations are underway to enable the
JF-17 to carry the CM-400AKG supersonic
anti-ship and stand-o land attack missile.
In Pakistan the weapon is referred to as the
‘carrier Killer’. In standard con guration,
the aircraft is tted with two SD-10As,
two PL-5EIls and two or three external
fuel tanks.

e Pakistan Air Force has inducted
some 49 units of the JF-17 (one was lost
in a crash) from Block I, while another
50 of Block Il are on order. e rst PAF
squadron (No. 26) was stood up in February
2010, and indicating the rapidity with
which the Service ‘operationalised’ the type,
two JF-17s were own to the UK in July
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that year for display at the Farnborough
Air Show. As further indication of the JF-
17’s ‘maturity’ in frontline service, a full
squadron of JF-17s took part in a major
exercise in western China in 2014, which
marked the type’s rst large-scale out-of-
theatre deployment.

The Block Approach

On 18 December 2013, the PAF’s Chief of
Air Sta took delivery of the 50th JF-17,
completing the st two orders (including
the SBP) and marking receipt of the nal
Block I aircraft. Prime Minister Nawaz
Sharif was there to inspect the JF-17 and
then inaugurate both production of the
JF-17 Block Il and the second batch of 50
aircraft for the PAF. e block approach
allows a number of aircraft to be built in
conformity witha xed set of speci cations.
Although minor changes and upgrades are

tested and sometimes introduced while
a certain block is still under production,
major alterations are generally introduced
as a standard speci cation with the start
of production of a new block or batch of
aircraft. Production of the JF-17 is planned
to be undertaken in blocks of 50 airframes,
each successive block being an upgraded
version of the preceding one.

JF-17 Block Il has improved avionics,
strengthened wing roots to carry additional
stores, further optimised maintenance
provisions and improved operational
capabilities. A major addition is the air-to-
air refuelling probe, a concept rst tested
on Block | aircraft.

e well reputed aviation analyst and
writer, Air Commodore (retd.) Kaiser Tufail
has said that upgrades may not require the
aircraft to be sent back to the Pakistan
Aeronautical Complex at Kamra, but could
well be carried out at unit level. However,
“as flight trials with different weapons
are underway, it is time for hardware and
software upgrades. | am not sure if these
would be done at unit level or factory level;
perhaps the former.”  ough the upgrades
are not a radical departure from the Block |
standard, Tufail nevertheless has “no doubt
that they would improve the operational
readiness considerably” for the Pakistan
Air Force. What the future holds for the

ghter is uncertain as details of a Block 111
variant have not been revealed, and Tufail
says at present “no one seems willing to talk
about them.”

Similarly, analyst Usman Shabbir of the
think tank Pakistan Military Consortium

Pakistan Prime Minister Nawaz Sharif being handed over model of the JF-17 by Air Chief Marshal
Tahir Rafique Butt, PAF CAS in December 2013
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has said that only reasonable speculation
can made at present. “ e JF-17 Block-
111 is at the concept stage presently but
most likely will have AESA radar, HMD
[helmet-mounted display] and some other
avionics improvements. | am not sure if the
airframe will be further modi ed for RCS
[radar cross-section] reduction or airframe
life enhancements. We just have to wait and
see,” he observed.

The Export Imperative
In order to reduce the aircraft’s per-unit
cost (reported at between US $20-25
million), the Sino-Pak ‘consortium’ has
been vigorously marketing the JF-17 to
various potential operators and although
a number of countries have expressed
interest, rm orders have yet to materialise.
Usman Shabbir has pointed out that
various problems face the ghter’s most
likely customers, but he is still optimistic.
“Many of the countries that are probable
JF-17 buyers have recently faced political or
nancial turmoil but it is highly likely that
an order will be won within 2015.”

“We are in advanced negotiations with
an unidenti ed Middle Eastern country (ed:
likely to be Egypt), but the political situation
over there has delayed the deal,” stated Air
Cdre Mahmood Khalid, Deputy Chief
Project Director of the JF-17 programme,
in an interview during the Zhuhai Air Show
in 2014. “But we still expect them to be our

rst foreign client.”  ere also are “advanced
talks” in progress with other potential Air
Forces in Africa, Asia, the Middle East
and South America, but there isno o cial
con rmation.

Over the past few years, China has
been in negotiations with the Democratic
Republic of Congo, Nigeria, the Philippines,
Sri Lanka, Sudan and Venezuela, while

Pakistan was concentrating on Turkey and
Egypt, even as Indonesian Defence Minister

Purnomo Yusgiantoro has con rmed that
Pakistan had o ered his country the JF-17.

“We've been receiving inquiries and
expressions of interest on the JF-17  under
from many countries in the Middle East,
Africa and even as far as South America,”
Air Marshal Sohail Gul Khan, the chairman
of the Pakistan Aeronautical Complex, said
at the Zhuhai Show.

Amongst countries which might have
serious interest in the JF-17 is Argentina,
which urgently needs to upgrade its ghter
fleet as does Venezuela. However, the
trans-national nature of modern aerospace
industry (and especially of the European
sector) attracts sanctions in many cases
which leaves such countries with limited
options. ey can turn to Russia or China,

Four-view drawing of the JF-17 Thunder
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and the Argentinean government appears to be talking to both.
Argentina’s interest in the JF-17 includes license-production of the
type in-country.

Nigeria has reportedly also expressed some interest in the JF-17,
to supplant its earlier Chinese ghters such as the F-7. e Nigerian
Air Force has operated the Chengdu J-7 (MiG-21 clone) and there
are reports that Nigeria could purchase as many as 40 JF-17s.

e JF-17 is a ordable, and given the source material, buyers
might have some hope that it will prove a reliable airframe. Russia
has positioned itself to be a bit upmarket for countries like Nigeria,
and perhaps even Argentina. If Nigeria and Argentina sign on, then
similarly positioned countries such as Venezuela, Egypt, and others
might also pursue procurements for the JF-17.

Beyond the JF-17: PAF interest in the J -31?

Also at the Zhuhai air show, Pakistan’s apparent interest in the
next-generation J-31 stealth ghter caused some stir, although Air
Cdre Tufail feels that such an aircraft is not required by the PAF.
“It seems to be a knee-jerk statement without much substance at
this point in time,” he said. “While stealth capability is welcome, the
long-range requirement that goes with this aircraft may be overkill
for an Air Force that is con gured primarily for tactical air support
to surface forces,” he said. “Besides, a concerted strategic bombing
campaign to decimate the enemy’s war- ghting capability needs
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The J-31 at Zhuhai Air Show, 2014

months to achieve results.  at option is a non-starter for nuclear-
armed belligerents, as much as it is for rest of the world, which can’t
sit back and watch the dangerous escalation,” he added.

“So, I stick to my previously professed contention that it is tactical
ghters that we need rst and foremost. Two dozen or so stealth
ghters seem more of a ‘fashion’ statement.” He also highlighted a

perennial concern for Pakistan that may rule out the J-31; “Who has
got the money? Not Pakistan!”

Whether a Pakistani order for the J-31 will materialise is unclear,
although there will be an eventual need to replace the F-16, which is
the PAF’s most potent front-line multi-role combat aircraft. Analyst,
author and former Australian defence attaché to Pakistan, Brian
Cloughley, has said the J-31 is a likely candidate, but “perhaps not
for some time.” He added that “it’s being described in some quarters
as an export machine, but that is bound to take a long, long time.
Certainly there will have to be some sort of replacement for the F-16s,
and it won't be European or Russian, for obvious reasons, so it must
be China,” he added, “I think we can bet on the J-31!”
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he frst PAF squadron to re-equip with the JF-

17 Thunder was No. 26 (‘Black Spiders’) which
received the initial batch in 2010. No. 26 Squadron’s
antecedents go back to August 1967, when it was
raised at Masroor, Karachi as an operational
training unit with F-86 Sabres. Over the next
year, the unit converted over 400 PAF pilots and
some 150 pilots from ‘friendly’ Air Forces. During
the December 1971 confict, No. 26 Squadron few
over 300 sorties from Peshawar in the air defence,
counter-air and close air support role, carrying
out most PAF air attacks against IAF bases in the
Kashmir Valley, both Srinagar and Avantipur.

In December 1980, No. 26 Squadron was re-
equipped with the Chinese-origin F-6 (MiG-19) but
just four years later, converted to the A-5 Ill in
the tactical attack role, continuing with the type
at Peshawar till, in 2007, it was selected to receive
the JF-17 Thunder. This was at Kamra (also site of
the Pakistan Aeronautical Complex), before No. 26
moved to Peshawar some years on.

The second PAF Squadron with the JF-17 (PAC
having built 50 aircraft under Block I) was No.
16 (‘Black Panthers’) which was originally a F-86
squadron, having been raised in 1957, ‘number
plated’ in 1963, re-raised in April 1970 at Masroor
and designated as a ‘Fighter Leaders’ School’

After the 1971 confict, No.16 Squadron was
disbanded and re-formed at Shorkot Road with the
Chinese F-6 but, in February 1983, received the
A-5 111 to become an OCU for other PAF squadrons
converting to the type.

In March 2011, No. 16 was moved to Kamra to
re-equip with the JF-17 Thunder, becoming the ‘Test
and Evaluation’ unit for the expanding JF-17 feet.
Co-sharing the base at Peshawar, No. 16 Squadron’s
Thunders have taken part in several international air
shows including Dubai in 2013 and Zhuhai in 2014.

Clearly, both Nos. 16 and 26 Squadrons are
‘heavy’ in terms of aircraft numbers and the raising
of a third JF-17 Squadron has been articulated for
some time. To a direct question as to when this would
happen, Air Chief Marshal Tahir Rafque Butt, CAS
PAF, stated that this awaited “operational readiness”
of a new air base. The next squadron of JF-17s will
include Block Il aircraft now under production at
PAC Kamra, even as an increasing number of PAF
squadrons with the JF-17 will surely become part of
the PAF order of battle in the coming years.



Opportunities of Gall

adar, if one simpli es it down to
Rthe basics, is a strikingly simple

technology: radio waves go out, hit
something and bounce back. With a little
analysis of the return signal, you can “see”
whatever is out there.

e radar ‘buzzword’ over the last few
years has been AESA — Active Electronically
Scanned Array. To understand the
importance of the AESA it is perhaps
pertinent to explore the capabilities and
limitations of mechanically steered antennas,
and the rst generation — that is passive —
Electronically Steered Arrays (ESASs), before
getting into the details of modern AESAs
and the types of semiconductors used in
their production.

Radar basics

e radar antenna on an aircraft transmits
electromagnetic waves in a beam and
receives re ected waves from targets, or
terrain, or anything in the way of that
beam. To locate targets, it points this beam

ilum Nitride
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The Tikhomirov BRLS-8B Zaslon’ was the first PESA to be installed
in an aircraft (the MiG-31 interceptor)
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all over the sky or ground or both. So a
good radar antenna is not only de ned by
its emitting power and receiving sensitivity,
but also by how quickly and precisely it
can be steered.

Early fighter radar antennas were
mechanically steered concave dish
antennas, which then evolved into planar
arrays but still with mechanical steering.

ese are what most 1970s and 1980s
fighters like the F-16 and F-18 were
equipped with when they entered service.

e planar arrays led to signi cant gains in
radar beam quality but because mechanical
steering was retained, they were still slow
and of course had reliability issues as all
moving parts do.

Around this time, computing was
rapidly coming into its own. It was
finally becoming practical to adapt the
electronically steered antenna technology
that was already in use on ground-based
radars to airborne applications. These
early electronically steered antennas had
individual electronically controlled modules
in an array, which would manipulate the
time delay, or in electromagnetic wave
terms, the ‘phase,’ of the microwave signal
passing through each element.  is iswhere
the term ‘phased array’ comes from. By
adjusting the phase at each module, the
beam direction is manipulated without any
mechanical intervention. Given that the
phase changes were all computer controlled
and electronically commanded, the earlier
issues with speed and precision of beam
steering were solved.

It's important to note here that the
source of the radar waves, the microwave
emitter, usually a traveling wave tube,
was still a separate element of the radar
installation. e ‘active’ element remained
0 antenna, which is why such radars are
usually referred to as ‘passive’ electronically
steered arrays (PESAS).

PESAs were a major step forward in
technology and the beam agility alone made
radars far more versatile, which, with the
growing importance of ‘multirole’ aircraft
obviously had positive implications for the
future. However, the new design introduced
a few new headaches as well. e phase
shifters caused signal losses during transmit
and receive, so microwave generators had
to become that much more powerful. e
mix of analog and digital technology undid
many reliability gains from eliminating
mechanical steering, and so on.
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A Phazotron Zhuk-A on display at MAKS 2009 with TR modules visible on the array

e next development step brings us
to the present day : instead of keeping
various major radar components separate,
the rapid pace of semiconductor technology
development meant that all the disparate
elements of a radar could, by the late 1980s,
all be integrated together.

e phased array concept remained, but
instead of phase shifters arrayed across an
antenna, each spot on the array was made
a miniature microwave transmitter and
receiver. With the ‘active’ element of the
radar now taking centre stage, the name is
self-explanatory.

An AESA unit is crammed with
Transmit/Receive Modules (TR Modules),
each one an independent package comprising
a low noise receiver, power ampli er, and
digitally controlled phase and gain elements.
Along with the obvious packaging and
reliability improvements, the AESA approach
yields improvements by virtue of design,
which is why it's worth investing into the
future potential of this technology. For
instance, having the TR module's low noise
receiver within the antenna itself results in a
massive reduction in receiver thermal noise
and by extension sensitivity. In practice, this
improves detection range.

e cluster of individual modules do
not need enormous amounts of power
compared to early passive arrays, and can
be driven by low voltage power supplies,
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increasing reliability of each element as well
as the system as a whole. Improved power
management also directly impacts the LPI
—low probability of intercept — or ‘stealthy’
characteristics of the radar.

MMICs and Gallium Arsenide
The technology that really enabled this
revolution was the Microwave Monolithic
Integrated Circuit (MMIC), which is a
microwave circuit on a single chip. And
the material behind viable AESA MMICs
is a semiconductor compound called
Gallium Arsenide (GaAs). GaAs is a I11-V
semiconductor, which means one element
in the compound — Gallium — comes from
Group 11 of the periodic tabe and the other
— Arsenic — comes from Group V. isis
important, because //I-V semiconductors
have some very speci ¢ characteristics.

Compared to more common semicon-
ductors such as silicon, for example, GaAs
has around six times higher electron
mobility than silicon, which allows faster
operation of a transistor. It has a wider
band gap, which allows sustained operation
at higher temperatures, or results lower
thermal noise in low power applications at
room temperature. As a material therefore, it
is ideally suited to the power and sensitivity
requirements of radar.

On the other hand, however, silicon
is cheap and easy to process, while GaAs



Mechanically-steered antenna on a F/A-18C Hornet undergoing maintenance

is brittle, expensive, and tends to be more
di cult to work with. It took quite some
time for the technology to mature - close
to two decades - but development has been
helped along by commercial demand and
today reliable, high quality GaAs MMICs
for AESAs can be produced at costs that are
not unreasonable.

Gallium Nitride for the future

GaAs was just the rst step on the AESA
road. It may be a key enabler but it also has
limitations.

As air combat shifts further into the
BVR sphere, transmit powers will have to
go up to maintain the * rst shot’ advantage.

e present generation of GaAs MMICs
do not perform well at extremely high
temperatures. Cooling electronics in
an aircraft is always a di culty because
there is a lot of equipment competing for
limited thermal cooling capacity available
on board. Additionally, by nature of the
semiconductor itself, GaAs does not operate
e ectively beyond a certain voltage, which
limits heat management options from the
power supply side as well. Conventional
wisdom dictates that an increase in
voltage should result in a commensurate
reduction in current for a given power level,
resulting in lower heat generation (since
heat produced in electronics is directly
proportional to current drawn) but because

GaAs MMICs are already operating toward
the upper limits of their voltage range, there
is no way to take advantage of low-current
power supply.

is is where Gallium Nitride (GaN)
comesin. Itis arelatively new development
in the semiconductor industry, and while
GaAs was already in limited production
as far back as the 1980s, the rst serious
work with GaN only began about a decade
later. However, it is a highly promising
material for AESA MMICs as evidenced
by the significant investment into its
development, particularly in Europe and
the USA. Where GaAs opened the gateway
to the AESA world, GaN will pave the way
for development that will really unlock the
bene ts of active arrays.

Like GaAs, it is a I11-V semiconductor
but with a few key di erences that make it
incredibly attractive for future improvement
of AESA technology.

First, it operates stably and reliably at
much higher temperatures than comparable
GaAs chips. Second, it handles high supply
voltages-around ve times as high as GaAs-
without any issues.  is makes GaN an
ideal material for a power ampli er because
overall, it outperforms GaAs by a factor
of five in RF power per unit chip size.

e higher voltage supply has additional
benefits: it simplifies onboard power
conditioning, lightens cabling and reduces
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on board interference, not to mention helps
with cooling. (As noted previously, voltage
goes up, current and heat come down.)

In fact, GaN power efficiency is so
high, it appears that further development of
this will see chips limited not by electrical
constraints but once again by available
cooling.

The time is now!

Militaries around the world know why
AESA is the “n