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12Cover Story
LANDING SYSTEM

Flying Blind

THE INSTRUMENT LANDING SYSTEM IS THE MOST FREQUENTLY USED RADIO AID IN AVIATION
(SEEN HERE IS THE LOCATION OF THE ILS/VOR RECEIVER DISPLAY IN THE C172 COCKPIT)
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       A Word  from Editor

INSTRUMENT LANDING SYSTEM (ILS)—THE 
TECHNOLOGICAL marvel that allows pilots to land 
safely in conditions of extremely poor visibility in-
volves a mind-boggling range of gadgetry and devices 

to guide the aircraft with the aid of six different radio signals 
emitted from the ground. Vasuki Prasad—our young reader 
and fourth year student of Electronics and Communica-
tion Engineering at Manipal Institute of Technology—has 
penned a remarkable cover story, outlining in lucid details 
this approach and landing aid that assists the pilot to safely 
navigate the aircraft to terra firma even when visibility con-
ditions do not permit him to see beyond his nose!

Safety hogs the limelight also in context of increasing 
instances of bird strikes. The most recent incident was re-
ported on January 15 wherein Chesley B. Sullenberger, cap-
tain of the US Airways Airbus A320, flew through a flock of 
Canada geese a minute after takeoff and lost both engines. 
Exhibiting great professional skill and presence of mind, he 
managed to ditch in the Hudson River, miraculously sav-
ing the lives of all 155 passengers and crew. But rather than 
bank on a miracle, the prudent choice would be to imple-
ment judicious preventive measures ranging from elimi-
nating garbage dumps, to filling in water bodies like ponds 
located in the airport vicinity, to deploying trained bird 
combat teams to patrol the airport, harass and disperse 
birds. Then, of course, avian radar systems, ultraviolet-re-
flective paint and pulsating aircraft landing lights are some 
of the more modern methods that help check the menace.

Which brings us to the vital question: is the number of 
bird strikes on the rise? Apparently, yes. Further, since re-
porting of civilian bird strikes is voluntary in many coun-
tries, some experts estimate that an astounding 80 per cent 

of such cases are not recorded, especially when there is 
little or no damage. “Bird brain”, all of a sudden, seems to be 
getting the better of human ingenuity.

Engineering ingenuity is, meanwhile, focused on ca-
tering to the environmental concerns of the industry by 
designing engines that would conform to the increasingly 
stringent norms stipulated for eco-friendly and fuel effi-
cient machines. Turbo fans, turbines, combustors, burn-
ers, fuel nozzles—each and every component contrib-
utes to the reduction of emissions and noise pollution. 
At the other end of the spectrum pertaining to aircraft 
operation, is the vital function of Maintenance, Repair 
And Overhaul (MRO). “With the current potential... In-
dia should position itself to emerge as an MRO hub for 
the Asia-Pacific region,” affirms Fredrik Groth, CEO, Air 
Works India, in a candid interview.

Ambitions and potentials continue to clash with 
the turbulent market even as startling news emerges 
of Kingfisher Airlines’ growing pile of troubles. “Fly the 
Good Times” seems to have hit a rough patch with bel-
ligerent pilots staging a mass exodus and dreams dash-
ing against a wall of mounting dues. All eyes are peeled 
for the faintest hint of a silver lining.

B.K. Pandey 

Editor



Earlier, Buffet had admitted it was 
one of his few indulgences. Subse-
quently, what elevated the business jet 
from a luxury toy to what is increas-
ingly seen as a vital corporate tool? In 
the US, hundreds of Fortune 500 com-
panies now flaunt their own aircraft, 
with companies arguing that this vital 
conveyance saves time and boosts pro-
ductivity. A recent CNN report quotedNewsBriefs
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: OPERATIONS

Cessna XLS operates from 
world’s highest airport

A Cessna Citation XLS landed 
and took off earlier this year at 
Qamdo Bangda Airport (BPX/
ZUBD) in Tibet, demonstrat-
ing the aircraft’s capability to 
operate from the world’s highest 
airport at 14,219 ft. Operated 
by the China Flight Inspection 
Center (CFIC) of the Civil Avia-
tion Administration of China 
(CAAC), the flight was to vali-
date navigation aids and gather 
information on high altitude op-
erations. Altogether, the aircraft 
made five landings and takeoffs 
during the operation in Febru-
ary. Cessna engineers originally 
worked with the CAAC to certify 
the Citation XLS for operations 
at field elevations up to 15,000 
ft, up from the aircraft’s previous 
certification at 14,000 ft. As a 
result, all Citation XLS/XLS+ 
aircraft operating in China are 
certified for operation from 
airports at this higher altitude. 

Dedicated operating 
corridor for helicopters
The Airports Authority of India 
(AAI) has announced that all 
major airports in the country will 
soon have a separate corridor for 
helicopters to land. This would 
minimise traffic chaos at the air-
ports, where wide-bodied aircraft 
share space with choppers. The 
decision comes in the wake of 
the February 9 security breach 
involving President Pratibha 
Patil’s helicopter and a passenger 
aircraft of Air India at the Mum-
bai airport. Besides ensuring 
safe operations, the helicopter 
corridor would also save time 
for passengers as helicopters are 

given the lowest priority when 
operating along with airliners, 
especially at the busy airports. 
No confirmation was available 
from India’s aviation regulator, 
the Directorate General of Civil 
Aviation (DGCA). According to 
the Rotary Wing Society of India, 
an association of helicopter pi-
lots and engineers in India, there 
are about 180 machines in the 
country, excluding those owned 
by private industrial houses. 
Apart from the 400-odd helicop-
ters flying with the armed forces, 
orders have been placed for an-
other 384. Reportedly, there are 
also plans to allocate a dedicated 
corridor for defence choppers at 
airports for better efficiency and 
safety in operations.

Economic slowdown 
affecting foreign airlines 
Cutting down its daily Tokyo-
New Delhi flight to four times a 
week, JAL joins foreign carriers 
like Aeroflot, Austrian Airlines, 
Dragonair, Virgin, Singapore 
Airlines, British Airways, Finnair, 
Delta, KLM, All Nippon Airways, 
Sri Lankan, Air France, Lufthansa 
and Malaysia Airlines, who have 
either withdrawn or cut back on 
their Indian operations over the 
last six months. While economic 
slowdown is a reason, experts at-
tribute this to the hike in airport 
fees at a time when the remain-
ing Asia Pacific airports are 
lowering fees in a bid to attract 
or retain airlines and stimulate 
air travel. Recently, the Indian 
government permitted private 
airport operators at Mumbai and 
Delhi to impose User Develop-
ment Fees over and above a 10 
per cent hike in airport fees. 
Another reason for the withdraw-
als has been the massive capacity 
expansion by Middle East carri-
ers, like Emirates. 

: AIR SHOWS &  
CONFERENCES

Sukhoi’s Superjet 100 at 
Paris Air Show 
Russia’s new Superjet 100 
airliner is slated to be one of 
the top draws at the Le Bourget 

2009 Paris Air Show, when it 
makes its debut there. The show 
will provide the first chance for 
most aviation enthusiasts to get 
a close look at the new aircraft. 
The 48th chapter of the event 
is scheduled for June 15 to 21 
this year, marking 100 years 
of technological innovation in 
aeronautics and space. 

“The Russian Sukhoi Superjet 100 
airplane will be a genuine star at 
our anniversary air show, primar-
ily because it serves as a perfect 
example of cooperation between 
Russia and European countries,” 
Gilles Fournier, Le Bourget’s 
Managing Director, told reporters 
in Moscow.  The Superjet 100 
project is a medium-haul passen-
ger aircraft developed by Russia’s 
Sukhoi Civil Aircraft Company 
as part of a consortium with US 
and European aviation corpora-
tions, including Boeing, Snecma, 
Thales, Messier Dowty, Liebherr 
Aerospace and Honeywell. The 
first Superjet 100 aircraft has 
already made one long distance 
and 40 short distance test flights, 
in all clocking over 100 flight 
hours. A total of four aircraft will 
take part in the certification pro-
gramme which is expected to be 
complete in the third quarter of 
2009. Sukhoi, part of the United 
Aircraft Corporation, plans to 
manufacture at least 700 of these 
aircraft. The company has said it 
has about 100 confirmed orders 
for the airliner and anticipates 
signing a number of new orders 
during the Le Bourget and MAKS 
air shows this year. Sukhoi is ex-
pected to make the first delivery 
to Russia’s flag carrier Aeroflot in 
December. 

Embraer hosts operators’ 
conference in Paris
Embraer held its Executive 
Operators Conference 2009 for 
customers in Europe, the Middle 
East and Africa (EMEA) on April 

22 and 23 in Paris. The gathering 
focused on the Embraer Legacy 
600 executive jet support. Rep-
resentatives of operators from 
different countries in the EMEA 
region and Embraer authorised 
service centres network attended. 
It was an excellent opportu-
nity for all the participants to 
network, share experiences 
and exchange ideas about the 
operation and maintenance of 
the Legacy 600. It was also well 
timed as the company is prepar-
ing for the Phenom 100 and the 
Lineage 1000 executive jets to 
enter service in the EMEA region. 
The super midsize Legacy 600 
became the first member of the 
Embraer Executive Jets portfolio 
to make its debut in the EMEA 
region in 2002. Since then, five 
other members have joined the 
family. These are the Phenom 
100, the light Phenom 300, the 
mid-light Legacy 450, the midsize 
Legacy 500, and the ultra-large 
Lineage 1000 jets. In the second 
quarter of 2009, both the Phenom 
100 and the Lineage 1000 will 
enter service in Europe and the 
Middle East. 

: NEW INDUCTIONS

Boeing delivers new 
737-800 to Air India

On April 17, Boeing delivered the 
15th 737-800 to Air India Express, 
marking a milestone. This was 
the 25th new airplane delivery to 
the carrier since its record order 
for 68 Boeing jets in January 2006. 
“We continue to work closely 
with Air India on its fleet restruc-
turing based upon the airline’s 
high utilisation of our airplanes,” 
said Dinesh Keskar, President, 
Boeing India. “Though the indus-
try is now in a challenging phase, 
we are confident the induction 
of the more fuel efficient and reli-
able Boeing products into its fleet 
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positions Air India for continued 
growth and increased profit-
ability when air traffic rebounds 
both in India and worldwide.” 
Currently, 15 Next-Generation 
737-800s and 10 777s are in ser-
vice. Air India plans to induct an 
additional seven Boeing 777s into 
its fleet in 2009.

First fleet customer 
gets Phenom 100 

 

 

 

Early April, Embraer delivered 
Executive AirShare’s first Phenom 
100 jet. The fractional aircraft 
ownership company based in 
Kansas City, US, is the first fleet 

customer to receive a Phenom 
jet, out of a total firm order for 44 
Phenom 100s and six Phenom 
300s. “We are committed to a 
long-standing relationship with 
Executive AirShare, and look for-
ward to working together as they 
enter service with their Phenom 
fleet,” said Ernest Edwards, Em-
braer Vice President, Marketing 
and Sales, USA, Canada, Mexico, 
and the Caribbean–Executive 
Jets. In May 2007, Executive 
AirShare placed their initial 
order for seven Phenom 100s, 
with options for seven more. The 
order was expanded in Septem-
ber the same year to include two 
Phenom 300s and options for two 
more jets. In October 2008, the 
order was further expanded, and 
currently is at 50 firm orders for 
both Phenom 100 and Phenom 
300 aircraft. Executive AirShare 
is the only established fractional 
aircraft ownership company to 
offer customers both the Phenom 
100 and Phenom 300. Execu-
tive AirShare’s members have 
access to their aircraft for a given 
number of days per year, rather 
than a strict number of annual 
flight-hours, as is the case with 
similar programmes.

: ENGINEERING

HAL delivers rear fuselage for 
Gulfstream G-150 to Israel 

India’s aerospace giant Hindu-
stan Aeronautics Limited (HAL) 
crossed another milestone in 
its manufacturing history when 
Chairman Ashok Nayak handed 
over at Bangalore the first rear 
fuselage manufactured for Gulf-
stream aircraft to IAI’s Shlomi 
Karako, General Manager, Busi-
ness Jets. The G-150 is a business 
executive jet built in Israel and 
transported to the US for further 
work. It is marketed the world 
over by US-based Gulfstream 
Corporation. Speaking on the oc-

casion, Nayak said over the years, 
the aircraft division had made a 
mark on the international export 
market by supplying several types 
of door assemblies to Boeing, 
Airbus and other global firms. 
“With the G-150 fuselage delivery, 
HAL has now entered a fairly 
advanced manufacturing level 
of building major structural as-
semblies for global players in the 
civilian sector. The G-150 project 
augurs well not only for HAL, but 
also for the national objective of 
producing a civilian aircraft of 
international standards,” he said. 

Sustainable fuel tested 
by Hawker

In partnership with Teledyne 
Continental Motors (TCM) 
and Swift Enterprises, Hawker 
Beechcraft Corporation (HBC) 
has completed successful test 
flights of its certified Beechcraft 
Bonanza G36 on unleaded avia-
tion fuel and Swift Sustainable 
Fuel. The collaborative work with 
TCM and Swift Enterprises began 
last year to develop engine tech-
nology and test unleaded and 
sustainable fuels for use in piston 
aircraft. A fuel specification is 
being developed for unleaded 
aviation gasoline and more test-
ing is planned for the coming 
weeks and months. In February, 
HBC announced the formation of 
a Wichita sustainability coalition. 
By partnering with TCM and 
Swift Enterprises to investigate 
the future of aviation gas, HBC is 
furthering its efforts to improve 
sustainability for the entire life 
cycle of its aircraft.

Beechcraft King Air 200, 
B200 gets Garmin upgrade
Hawker Beechcraft has begun 
installation of the Garmin G1000 
fully integrated glass cockpit avi-
onics suite in the Beechcraft King 

Air 200 and B200. The installation 
began on receiving the FAA/STC 
approval from Garmin Interna-
tional. “As one of the industry’s 
largest authorised dealers for the 
most coveted aircraft upgrades, 
we welcome the Garmin G1000 
to our family of product offer-
ings,” said Bill Brown, President, 
Hawker Beechcraft Global 
Customer Service and Support. 
“With our wide range of capabili-
ties, we can install virtually any 
approved upgrade at our factory-
owned service centres where 
we utilise genuine factory parts, 
provide factory engineering and 
deliver the factory seal-of-ap-
proval on everything we do.” 
Headquartered in Wichita, the 
Hawker Beechcraft Services 
network provide professional air-
craft maintenance, modification 
and repair at 10 service centres 
located all over the US.

: REGULATORY  
AFFAIRS

Separate agency to 
probe air accidents
The DGCA has reportedly as-
sured its US counterpart that 
India will soon have a separate 
agency for investigating air ac-
cidents. “We are streamlining the 
working of our agency and would 
have a separate agency to handle 
air accident investigations. We 
are also in the process of install-
ing sophisticated gadgets for air 
operations at all major airports,” 
a Civil Aviation Ministry official 
said. This was conveyed to the of-
ficials of the US Federal Aviation 
Administration (FAA) who are 
in India to check the state of air 
safety in civil aviation. The US of-
ficials would also check whether 
India is following the interna-
tional safety standards set by 
the International Civil Aviation 
Organisation (ICAO), a UN body. 
The ICAO had earlier recom-
mended that the jobs of framing 
regulations and carrying out in-
vestigations should be bifurcated. 
At present, the DGCA, the sole 
regulator of aviation activities in 
the country, is also required to 
probe air accidents.

Events Calendar 
EUROPEAN BUSINESS 
AVIATION CONVENTION 
& EXHIBITION
May 12 - 14
Palexpo Convention Center, 
Geneva
Website: www.ebace.aero

CANADIAN BUSINESS 
AVIATION ASSOCIATION 
ANNUAL MEETING & 
EXHIBITION
May 27 - 29
Montreal, Quebec
Website: www.cbaa.ca

PARIS AIR SHOW
June 15 - 21
Le Bourget Airport, Paris
Website: www.paris-air- 
show.com

AAAE ANNUAL 
CONFERENCE & 
EXPOSITION
June 14 - 17
Philadelphia 
Website: www.aaae.org

NBAA FLIGHT ATTENDANTS 
CONFERENCE
June 25 - 27
Doubletree Hotel, New Orleans
Website: www.nbaa.org
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EASA certifies Phenom 100 
The European Aviation Safety 
Agency (EASA) has issued a 
type-certificate for the Embraer 
Model EMB-500 business jet, 
otherwise known as the “Phe-
nom 100”. In addition, the type-
certificate is valid in Switzerland, 
Norway, Iceland and Liechten-
stein. The certification process 
had begun in November 2005. 
“We are honoured to receive 
EASA certification for the Phe-
nom 100 on schedule, confirming 
the aircraft has met or surpassed 
all original specification targets 
and opening the way for the 
first deliveries in the European 
Union,” said Maurício Almeida 
Filho, Embraer Vice President, 
Programs-Executive Jets. The 
Phenom is certified against Cer-
tification Specifications valid for 
General Aviation aircraft (CS-23). 
The aircraft can accommodate 
two pilots and up to four passen-
gers and is powered by two Pratt 
& Whitney Canada PW617F-E 
turbofan engines with approxi-
mately 1,800 lb of thrust each. 
The engine was certified by the 
agency on April 23. The Phenom 
100 is expected to enter service 
in the EU in May. The EASA TC 
confirms that the aircraft com-
plies with European safety and 
environmental standards and 
may now be legally registered 
and operated throughout the 
European Union. 

India revises entry 
barriers for new airlines
Dashing the hopes of many 
domestic airlines desperate for 
foreign airline investments, the 
Government of India has put in 
to effect new rules governing the 
investments and operations of 
scheduled airlines, which include 
fixing minimum levels of equity 
and barring any investment by 
foreign carriers. Approved a 
few months ago, the rules were 
incorporated recently into the 
1994 Civil Aviation Requirements 
issued by the DGCA and make it 
mandatory for scheduled airline 
permit applicants to have a 
minimum paid up capital of Rs 
50 crore and a fleet of five large 
aircraft. For each aircraft beyond 
five, additional equity of Rs 20 
crore would be necessary. These 
rules are applicable for aircraft 
with 40,000 kg or higher take-off 
weight. Companies operating air-
craft less than 40,000 kg take-off 
weight need a minimum equity of 
Rs 20 crore and a minimum fleet 
of five aircraft. For each aircraft 
beyond five, additional equity of 
Rs 10 crore would be required. 
In both cases, the airlines may 
not add to its equity base if it 
has reached the level of Rs 100 
crore. The new rules allow 49 per 
cent foreign equity and 100 per 
cent NRI investment through the 
automatic route. Foreign airlines 
or foreign institutional investors 

who are a subsidiary of a foreign 
airline are not allowed directly 
or indirectly, in domestic air trans-
port services. Other provisions in-
clude clearance to import aircraft 
on dry or wet lease from foreign 
airlines subject to government 
guidelines, outsourcing mainte-
nance of aircraft to other DGCA 
approved  organisations and pro-
hibition of contract with a foreign 
carrier for the management of a 
domestic scheduled airline other 
than for activities such as ground 
handling, general sales, code shar-
ing and interlining.

: TRAINING 

Lufthansa, Bombardier 
sign agreements 
Bombardier Aerospace, Luf-
thansa Flight Training (LFT) and 
Lufthansa Technical Training 
(LTT) have signed the first Au-
thorised Training Provider (ATP) 
agreement for the Bombardier 
CSeries aircraft. The agreement 
will ensure that European op-

erators of CSeries aircraft have 
access to world-class training 
services right at their doorstep. 
Under the agreement, LFT 
will provide pilot training and 
cabin crew training, and LTT 
will provide technical training 
for Europe-based operators of 
the 110-passenger CS100 aircraft 
and 130-passenger CS300 
aircraft, scheduled to enter into 
service in 2013. The new ATP 
will deliver training through an 
existing network of training cen-
tres in various locations across 
Europe. LFT is a wholly owned 
subsidiary of Deutsche Luf-
thansa AG while LTT is a wholly 
owned subsidiary of Lufthansa 
Technik AG. “The anticipated 
success of the landmark CSeries 
aircraft programme represents 
a strategic opportunity for us,” 
said Florian Hamm, President, 
LFT. Deutsche Lufthansa AG has 
signed a firm purchase agree-
ment for 30 CS100 aircraft, with 
options for an additional 30 
CSeries jets.

Appointments
Virgin America appoints Rick Wysong 
Senior Vice President, Technical Operations 
Virgin America has appointed Rick Wysong Senior Vice Presi-
dent of Technical Operations. Wysong most recently served as 
Vice President of Engineering, Materials and Planning at United 
Airlines, where he led engineering, supply chain and fleet man-
agement operations for the carrier and oversaw 600 employees.
Markus Schmitz joins Becker Avionics as Vice President, 
Strategy and Business Development
Markus Schmitz has joined Becker Avionics as Vice President 
of Strategy and Business Development. He will be responsible 
for developing and implementing corporate business strate-
gies and partnerships for the North and South American avia-
tion markets. Prior to joining Becker Avionics, Schmitz held 
management positions with Eurocopter.
Appointments in Eurocopter
Olivier Blain has been appointed Vice President of Corporate 
Communication with Eurocopter and will report to CEO Lutz 
Bertling. He succeeds Laurence Rigolini, who is taking over 
new management responsibilities as Vice President in the 
Subsidiaries and Participation Directorate of Eurocopter.
Jakob Straub appointed Vice President and General 
Manager of Jet Aviation Zurich 
Jet Aviation announced the appointment of Jakob Straub as Vice 
President and General Manager of the company’s Zurich mainte-
nance and FBO operations effective July 1. At Jet Aviation Zurich, 
Straub will oversee the company’s maintenance and refurbish-
ment operations as well as the fueling and FBO business.

EASA NOD: Humberto Pereira, Embraer Vice President, Engineering–
Executive Jets, (right) receives the Phenom 100 Type Certificate from  
Dr Norbert Lohl, EASA’s Certification Director
   



Earlier, Buffet had admitted it was 
one of his few indulgences. Subse-
quently, what elevated the business jet 
from a luxury toy to what is increas-
ingly seen as a vital corporate tool? In 
the US, hundreds of Fortune 500 com-
panies now flaunt their own aircraft, 
with companies arguing that this vital 
conveyance saves time and boosts pro-
ductivity. A recent CNN report quotedNewsBriefs
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United Airlines 
loses $382 million 
United Airlines reported a $382 
million (Rs 1,930 crore) first-
quarter loss in what executives 
for the nation’s third-largest 
airline called, “a challenging 
revenue environment”. United, 
which is the largest carrier at 
Denver International Airport, 
cut capacity by 11.3 per cent 
by taking planes out of service 
and trimming flights, although 
the same number of cities 
were served. Passenger traffic 
dropped by 13.2 per cent, with 
first class and business class 
travel plummeting 30 per cent. 
Fuel hedges arranged last sum-
mer when oil prices rose to 
nearly $150 (Rs 7,500) a barrel, 
Mikells said, “masked substan-
tial progress we have made 
elsewhere”. Half of United’s 737s 
have been grounded, Tilton 
said, and the airline will remove 
the remaining 737s—the oldest 
and least fuel efficient planes 
in the fleet—by the end of the 
year. Chief Executive Glenn 
Tilton said service should be 
strengthened when the US De-
partment of Transportation ac-
cords final approval next month 
for Continental Airlines to join 
the Star Alliance, a network of 
cooperative airlines.

: GENERAL  
AVIATION

Garmin offers hefty 
rebates on G600s
With the $5,000 (Rs 2.5 lakh) 
rebate available up to June 30 on 
the G600, customers will have 
a good opportunity to upgrade 
their avionics panel from out-
dated dials and gauges to an 
all-glass cockpit. This offer is 
over and above another ongoing 
Garmin incentive programme 
where customers can avail of an 
additional rebate of $4,000 (Rs 
2 lakh) on the G600. The G600 
is Garmin’s all-glass retrofit avi-
onic suite that received FAA cer-
tification in July 2008 and is ap-

proved for installation on over 
785 aircraft makes and models. 
The G600 received EASA’s ETSO 
approval in April, which makes 
it eligible for installation in Eu-
ropean registered aircraft with a 
certification weight up to 5,700 
kg. The G600 combines critical 
flight data and displays it on 
two 6.5 inch diagonal flat-panel 
LCDs. These high resolutions 
screens are mounted side by 
side in a single bezel that fits 
neatly into the “six-pack” slot of 
an instrument panel (attitude, 
airspeed, altitude, vertical 
speed, turn coordinator and 
directional gyro). These feature 
brilliant colour and advanced 
backlighting, so pilots can view 
images in sharper detail even in 
direct sunlight.

‘Business aviation in UAE 
defies economic downturn’
Sultan Bin Saeed Al Mansouri, 
Minister of Economy and Chair-
man of the UAE General Civil 
Aviation Authority, has reported-
ly said that the business aviation 
sector in the UAE is growing 
at 18 per cent a year compared 
with a global average annual 
growth rate of 10 per cent as the 
country continues to be a tour-
ism hub both for the regional 
and international markets. “The 
current and projected growth 
of our aviation sector defies the 
odds of the global economic 
slowdown,” Al Mansouri said in 
his inaugural speech at a two-
day conference on air transport, 
Air Space Law and Regulation 
in Abu Dhabi. The event was 
attended by aviation and air 
law experts from around the 
world, government officials and 
aviation sector professionals. 
“Despite the challenges of the 
global aviation sector, the UAE 
continues to heavily invest in 
building the nation’s aviation 
infrastructure,” he added.

Aerial advertising 
gains ground in India
The Indian advertising world 
is scaling new heights after the 
concept of aerial advertising 
made an entry into the country. 

The concept is fast gaining 
ground in the country following 
approval by the DGCA to use 
air space for promotional activi-
ties with the help of an aircraft. 
This was amply demonstrated 
at Pinjore in Haryana when 
air hostess academy Frank-
finn used the new advertising 
medium to its advantage. An 
aircraft trailing the company’s 
banner attached to its rear be-
came a centre of attraction for 
the enthusiastic crowds.

According to S.S. Dhillon, 
Managing Director, Sky Ads, 
and the brain behind the advent 
of aerial advertising campaign 
in the country, aviation activity 
provides ample opportunity for 
the companies to promote their 
products. The concept of aerial 
advertising is bound to revolu-
tionise the Indian advertising 
industry. Although the concept 
is new in India, it has been quite 
in vogue in countries like the 
US, Australia, Europe and Singa-
pore. An hour of aerial advertis-
ing costs about Rs 1 lakh. The 
cost is high because this type of 
advertising requires an aircraft 
and special flying skills on the 
part of the pilot while flying 
with banners in tow.

: MRO

Air India seeking business 
for MRO facility
After conducting operational 
and competence checks on one 
of the two Airbus A330s, Air 
India is now seeking domestic 
and international clients for its 
aircraft maintenance, repair 
and overhaul (MRO) business. 
Air India has 22 hangars and 
over 5,000 skilled personnel in 
the MRO division across the 
country. At present, Boeing and 
Airbus aircraft with Jet Airways 
and Kingfisher Airlines are 
flown to Belgium and other 
international centres for ‘C’ 
checks every 36 months. The 
check involves major compo-
nent removal, inspection and 
installation; structural inspec-
tion and detailed operational/
functional checks of the system. 

According to an estimate, 
aircraft fleets in India shell out 
over 15 per cent of the operat-
ing costs on MRO. Air India, 
at present, conducts C and D 
maintenance checks on the Air-
bus 320 family of aircraft, Airbus 
310, Boeing 737 and Boeing 
747. “This capability has been 
recently expanded for carrying 
out ‘C’ Check on B777 aircraft, 
and now conducted 2C checks 
on A330,” said spokesperson for 
Air India Jitendra Bhargava.

: INFRASTRUCTURE

Chicago’s Midway Airport 
privatisation deal scrapped
The proposed $2.5 billion 
(Rs 12,630 crore) deal for the 
privatisation of the Midway 
Airport, Chicago’s second largest, 
collapsed because the winning 
consortium could not source the 
billions required for the project 
due to credit crunch following 
the global financial turmoil. 
The 99-year lease to manage 
the airport could have had the 
distinction of being the first 
major airport in the US to go 
private. The MIDCO consortium 
could not honour the two-week 
extension granted to the April 6 
deadline by Chicago authorities.

Chicago Midway Airport 
is the second busiest in the 
state of Illinois after Chicago 
O’Hare international airport and 
handled around 17 million pas-
sengers and a quarter million 
aircraft in 2008. Bureau of Trans-
portation Statistics reported a 
12 per cent drop in traffic, year-
on-year, in January. The global 
economic recession continues 
to have substantial impact on 
the availability of financing 
which has created serious chal-
lenges for many businesses and 
financial institutions. Although 
there is hope that the deal may 
be resurrected in the future after 
the capital markets recover, the 
abortive Midway deal signals 
the nervousness among inves-
tors even in top-tier infrastruc-
ture assets like airports where 
the profit margins are up to  
20 per cent. SP
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Feathers 
STRIKE FEAR

A 
TINY SPOT APPEARS 
ON THE horizon, closes in 
with startling rapidity and 
WHAM! Depending on the 
speed and stage of flight, 
there may be little or no time to take pre-emp-
tive action against getting hit by a winged 

menace. At times, the bird emerges undetected from the dust 
or smoke filled air. Often, the damage is negligible, perhaps a 
bloodstain or a minor dent. On the other hand, the impact could 
trigger a catastrophe—major damage to the airframe, injury to 
the crew, even engine failure and a crash.

Day in and day out, at airports around the globe, birds are 
a prime source of worry, especially for pilots. A bird strike (also 
called a bird hit, or BASH—Bird Aircraft Strike Hazard) is a col-

lision between a bird (or bat) and an aircraft. 
Over 60 per cent of all bird hits occur below 
30 m, less than 8 per cent above 1,000 m. Air-
craft are regularly struck by birds at their most 
vulnerable periods—during takeoff and land-

ing—when close to the stall speed, the safety margin is minimal, 
and the already preoccupied pilot must make a hurried decision. 
Flocks of birds are especially dangerous and can cause multiple 
strikes. Ask Chesley B. Sullenberger, captain of the US Airways 
Airbus A320 who, on January 15, flew through a flock of Canada 
geese a minute after takeoff and lost both engines. Exhibiting 
great skill and presence of mind, he managed to ditch in the Hud-
son River and save the lives of all 155 passengers and crew.

Though bird strikes are a growing hazard, fatalities for civil 
aircraft are remarkably low. It has been estimated that there is 

 Day in and day out, at airports around the globe, the growing hazard 
of bird strikes is a prime source of worry, especially for pilots 

By Joseph Noronha,  
Goa
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just one fatal accident involving a jetliner 
in one billion flying hours. The multi-en-
gine configuration is obviously crucial, 
since an affected engine can be shut down 
and the aircraft recovered safely. A single 
engine military jet pilot may not be so 
lucky—often ejection is the only course 
of action, if there is sufficient time for the 
parachute to open. Military jets frequently 
operate at very low level, putting them 
squarely in the maximum danger zone. No wonder fighter flying 
abounds with accidents attributable to birds.

The first recorded bird strike fatality involved Calbraith Rodg-
ers who, in 1911, achieved fame by flying across America from 
coast-to-coast in 49 days. On April 3, 1912, while flying an exhibi-
tion routine near Long Beach, California he apparently struck a 
seagull, which fouled his controls and caused him to crash into 
the breakers and drown. Since then, fatal accidents have occurred 
with depressing regularity. The greatest loss of life directly linked 
to a bird strike was on October 4, 1960, when a Lockheed L-188 
Electra taking off from Boston, flew through a flock of starlings, 
damaging all four engines. The plane crashed into the harbour, 
with 62 fatalities out of 72 passengers and crew. Worldwide, since 
1960, more than 25 large aircraft have been lost due to bird strikes. 
Since 1988, more than 219 people have been killed and more than 
200 civilian aircraft destroyed in such accidents. Military statis-
tics are harder to come by, but the toll of fighter aircraft (and lives) 
is undoubtedly several times higher.

MINOR DAMAGE, MAJOR DAMAGE
In the majority of bird strikes, 85 per cent or more, nothing hap-
pens—the bird bounces off the plane or a small bird is swallowed 
by the engine without discernible effect. Just 12 to 15 per cent of 
bird strikes result in significant damage. It mainly boils down to 
the equation for kinetic energy: energy is proportional to mass 
times velocity squared. Greater the difference in the velocity of 
the plane and the bird, greater the impact on the aircraft. A 5.5 kg 
bird hitting an aircraft travelling at 240 km/h at lift off generates 
the same force as a 450 kg weight dropped from a height of 3 m. 
Design requirements for modern airliners include the ability to 
withstand collision with one four pound (1.8 kg) bird; the empen-
nage (tail) must withstand twice this. 

Far worse than the airframe taking a hit is when a bird 
strikes an engine fan blade. Jet engines are like gigantic vacuum 
hoses sucking in any object in their path. The initial stages of 
the engine consist of many compressor blades, not very thick, 
and hence fairly vulnerable to damage. A bird impact could 
displace a blade such that it strikes another blade and a cas-
cade could occur, resulting in practically instantaneous engine 
flameout. By specification, an engine does not need to continue 
running after ingesting one 1.8 kg bird; it must merely stop or 
be shut down without exploding or catching fire. Jet engines are 
particularly vulnerable during takeoff when the engine is rotat-
ing at very high speed.

Apart from the damage directly caused by bird strikes, ac-
cidents could occur as a consequence of bird avoidance action. 
Around the world, cases of emergency landings, aborted takeoffs 
and other hair-raising incidents due to collisions with birds are 
mounting. In May 2008, a Boeing 747 cargo plane departing Brus-
sels ingested a bird into one engine. The captain made a split-
second decision to abort takeoff but was unable to stop before 

the end of the runway. Al-
though there were no fatali-
ties, the plane broke in two 
and was destroyed. 

Bird strikes are five 
times more likely to oc-
cur on planes with en-
gines mounted under the 
wing, such as the Boeing 
737 or the Airbus A320, 
than on planes with en-
gines mounted on the 
fuselage, like the Boeing 
MD-80, probably because 
the airflow over the MD-80 
causes birds to get blown 
away from the engines.

MORE BASH FROM MORE BIRDS
Is the number of bird strikes rising? It is. There were 4,300 bird 
strike cases involving US civilian aircraft in 2003; these jumped 
to around 7,600 in 2007. In India, 251 cases of bird hits were re-
ported in 2008, against 217 in 2007. In Delhi alone, 39 cases were 
reported in 2008, against 30 in 2007. Since reporting of civilian 
bird strikes is voluntary in many countries, most strikes prob-
ably go unreported, especially when there is little or no damage. 
Some experts estimate that an astounding 80 per cent of bird 
strikes are not reported.

The reasons for mounting bird strikes are not far to seek—in-

 Greater 
the difference 
in the velocity 
of the plane 
and the bird, 
greater the 
impact on  
the aircraft

DISFIGURED:  
Design requirements 
for modern airliners 

include the ability to 
withstand collision 

with one four pound 
(1.8 kg) bird
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creasing flying intensity, growing popula-
tions of some large species of birds and 
increasing familiarity of the birds with 
human activity. Besides, modern turbofan 
engines are rather quiet. Whatever little 
noise they produce is to the rear; there 
is hardly any noise in front of the aircraft 
from where the birds emerge. So birds 
have less ability to detect and avoid air-
craft. The situation is likely to get worse 
as airlines replace their older three- or 
four-engine fleets with more efficient and 
quieter two-engine aircraft, increasing the 
chance of a major accident because the 
plane has less backup power. 

In North America, there has been a re-
markable growth in populations of many 
large birds—such as the great blue heron, 
osprey, bald eagle, snow goose and Can-
ada goose—because of wildlife conserva-
tion measures. Cleaning up the environ-
ment, banning DDT and cleansing water 
bodies are all fine things, but they have 
resulted in incredible surges of many spe-
cies hazardous to aviation. In 1890, about 
60 European starlings were released in 
Central Park, New York City. Today, star-
lings are the second most abundant bird 
species in North America with a late-
summer population of over 150 million. 
Starlings are regarded as “feathered bul-
lets” because they have a body density 
27 per cent higher than most birds. The 
non-migratory Canada goose population 
increased from one million birds in 1990 
to over 3.5 million in 2007. 

In India, though no such dramatic in-
crease in bird numbers has been noticed, 
human habitations have inched closer 
and closer to airports, with poor garbage 
disposal practices attracting huge flocks 
of scavenging birds, often in the direct 
path of aircraft. 

SHOOING THEM AWAY
During the first two to three decades of 
aviation, bird strikes were relatively rare. 
The introduction of faster jet engines 
made the problem more prominent. Ef-
forts were made to scare birds away from 
the runway and its vicinity, sometimes 
killing those that came within range of 
the shotguns. However, it was soon rec-
ognized that these reactive, corrective 
measures were insufficient. They had to 
be accompanied by a proactive, preven-
tive approach.

Nowadays, it is generally accepted that 
the most important and effective strategy 
at an airfield is scientific habitat manage-
ment—making it as unappealing to birds 

as possible. This is also a more hu-
mane approach than extermination, 
an important consideration in these 
environmentally conscious times. A 
survey of bird attracting sites within 
the ICAO-defined 13-km bird circle, 
paying particular attention to ar-
eas close to the runway and the ap-
proach and departure funnels is es-
sential. It helps to eliminate garbage 
dumps that draw scavenging birds. 
Open water sources attract birds like 
magnets; perhaps a pond frequented 
by ducks could be filled in. Grass in 
the close vicinity of the runway needs 
to be maintained at the optimum 
height (which varies from species to 
species)—tall enough to discourage 
the birds from hunting for insects, 
and short enough to expose them to 
natural predators. Getting rid of trees 
deprives birds of roosts; in fact, they 
love to perch on any tall structure. 
What about construction activities 
in and around the airfield as also the 
landfills, slum clusters and illegal ab-
attoirs in the proximity? 

The second set of measures re-
quires trained bird combat teams 
to patrol the airport and harass and 
disperse birds. They use pyrotech-
nics and devices that flash lights 
and scare the birds, or deploy au-
tomated LPG-operated Zon guns 
which make bursting sounds at 
regular intervals. Some airports use 
trained dogs or falcons to harass 
the birds. But with birds getting 
used to the blitz, a new array of ex-
otic weaponry, such as lasers, sound 
waves and deterrent chemicals, is 
being tested. The latest weapon is 
a screaming loudspeaker, mounted 
on a truck, which can be heard as 
far away as 11 km. Teams of bird 
spotters also visually acquire birds 
and communicate cautionary in-
formation to aircraft via the ATC. 
The last resort is killing the birds. 
However, airports understandably 
face criticism and lawsuits from 
environmental groups concerned 
about such measures. 

FIGURE IT OUT: In India, 251 cases 
of bird hits were reported in 2008, 
against 217 in 2007. In Delhi alone, 
39 cases were reported in 2008, 
against 30 in 2007.
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RADAR TO THE RESCUE
Once aircraft leave the protected vicinity of the airport it is im-
portant to make them more detectable or noticeable by birds. For 
example, pulsating aircraft landing lights could catch the birds’ 
attention and help them realize that something fast is approach-
ing. Birds are sensitive to ultraviolet light, so another idea is to 
use UV-reflective paint. The US military employs an extremely 
successful Bird Avoidance Model based on data from the Smith-
sonian Institution, historical patterns of bird strikes and radar 
tracking of bird activity. Prior to flight, USAF pilots check for bird 
activity on their proposed low level route or practice bombing 
range. If bird activity is forecast to be high, the route is changed 
to one of lower threat. In the first year this system was used as a 
pre-flight tool, the USAF Air Combat Command reportedly ex-
perienced a 70 per cent drop in bird strikes.

Bird-detecting radar could also prove invaluable to help pilots 
avoid bird concentrations. Today there are dozens of avian radar 
systems in operation. However, some systems pick up insects as 
well as birds. Technology is still years away from being able to pro-
vide reliable altitude information which is needed, along with bear-
ing and distance, to properly warn pilots.

What can pilots do? Whenever possible, pilots should fly 
above 1 km to avoid all except the most adventurous birds. 
They need to be particularly alert on climb-out or during the de-
scent phase, ready to take avoiding action. Dawn and dusk are 
particularly vulnerable times. Others on board could also keep 
eyes peeled and warn of birds ahead especially when the pilot is 
momentarily “head-down” consulting charts or checklists. In the 

event of a bird strike, it can make all the difference if someone 
can say what caused that “loud bang”. On a collision course with 
birds, it is generally safest to attempt to climb away.

IN CONCLUSION
There is no magic formula to combat bird strikes. Human beings, 
who coined the derisive epithet “bird brain”, have long known that 
birds are actually remarkably clever, especially when it comes to 
adapting to changes in the environment. Devices used to startle 
them become passé within days or even hours. An intelligent mix 
of techniques helps, especially if varied frequently. What may 
work at one airport may be completely ineffective at a neighbour-
ing one, simply because the bird species are different. Reducing 
bird populations, more rigorous bird controls around airports 
and better pilot training—all work. Experts also believe that avia-
tion regulators and industry groups need to re-examine existing 
airworthiness standards with regard to bird strike tolerances. 
Basically, engines need to be capable of withstanding an impact 
with a bird larger than the 1.8 kg size specified at present—even 
though this would be vigorously opposed by the manufacturing 
industry, citing cost.

Rising bird strikes, starkly illustrated by the Hudson River ac-
cident, should serve as a wake-up call to all stakeholders to devote 
more time and effort to bird hazard control measures. Increased 
flying activity, quieter engines, and more birds, form a deadly brew 
and it is probably just a question of time before the next major ac-
cident occurs. It would be unwise to count on another “miracle” to 
save the passengers and crew. SP

FATAL ATTRACTION: Over 60 per cent 
of all bird hits occur below 30 m, less than 
8 per cent above 1,000 m
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 In conditions of poor visibility, the Instrument 
Landing System guides an aircraft safely to 
terra firma, allowing the pilot to land without 
looking out of the flight deck 

TECHNOLOGY / LANDING SYSTEM
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Flying Blind 

BY VASUKI PRASAD
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J
UST ANOTHER DAY IN DELHI during the cold 
winter of 2008. But with very low visibility, the condi-
tions were far from normal for most airlines and fre-
quent fliers. Most flights stood cancelled, with nothing 
to do except wait for the fog to clear.

Does this mean that despite all the technologi-
cal advances, aircraft have no means to land in poor  

              visibility? Well, they can. Introducing the Instrument 
Landing System (ILS)—a gadget that flashes up to six different 
radio beacons or signals from the ground to guide an aircraft 
safely to terra firma.

Since it primarily uses radio beacons, the ILS falls under the 
category of radio navigation aids and is the most frequently used 
radio aid in the world of aviation. Generating information that 
would enable a successful landing, as though it were a normal 
day, with good visibility, the ILS, allows a pilot to land without 
looking out of the flight deck. Flying blind.

TECHNICAL DESCRIPTION
The ILS primarily consists of a Localizer (a VHF radio beacon 
that provides lateral guidance to an aircraft during the land-
ing approach), and a Glide Slope (GS, a UHF radio beacon that 
provides vertical guidance). These two beacons provide the 
aircraft with a three-dimensional guidance that safely brings 
an aircraft back on the ground. In addition, “marker beacons” 
may be used, although not necessary. Lighting systems are 
also a part of the ILS.

LOCALIZER
The Localizer consists of an array of log period antennae that 
feed off a signal from a signal generator which is enclosed in a 
temperature controlled room. The Localizer’s carrier frequency 
varies between 108.10 to 111.95 MHz. Normally, ILS Localizer 
frequencies are on odd tenths, with 50 KHz spacing between 
each frequency. The electric field vector is horizontal polarised, 
as shown by the horizontally placed Log periodic array. Half the 
array is modulated by a 90 Hz sine wave, and the other half by 
a 150 Hz wave. When approaching the runway, that half of the 
array which is seen to the left of the centerline is fed with the 90 
Hz modulated carrier. An aircraft tuned to the ILS frequency on 
approach, on course, will experience a modulation depth of 20 
per cent per frequency (90 Hz and 150 Hz). Code identification, 
which identifies the radio beacon, modulates a 1,020 Hz signal, 
which in turn 5 per cent modulates the carrier. Voice commu-
nication, if resorted to on the Localizer carrier frequency, is 50 
per cent modulated.

The log periodic array, along with the double frequency 
modulation, provides the receiver information regarding the 
aircraft’s position with respect to the extended runway center-
line. As the left half of the array transmits a 90 Hz modulated 
VHF carrier from directional log periodic antennae, the signal 
strength from this array decreases as you move laterally to the 
right, away from the beam centerline. The opposite applies to 
the 150 Hz modulated right half of the array. These two beams 
are placed such that if the aircraft drifts off course, it receives 
more of one beam than the other. This results in the apparent 
“difference in the depth of modulation”.

In the on-board receiver, analog circuitry compares the 
150Hz component and the 90Hz component. If the aircraft is on 
course, and the ground based array properly aligned, the 90Hz 
and 150Hz components that were extracted from the carrier 

would be of equal voltages. However, if 
the aircraft drifts to the right of course, 
the 150Hz beam would be better re-
ceived as compared to the 90 Hz beam. 

This “mixed” signal, which is seen as one by the receiver, will find 
the 150Hz component greater in magnitude as compared to the 
90Hz component.

The difference between the two unequal magnitudes is ex-
tracted and beamed on the pilot’s display, clearly indicating by 
how much his aircraft has drifted off course. The pilot applies the 
necessary corrections, such that the difference reduces to almost 
zero. The correction appears on the display, thus assuring the pi-
lot that the aircraft is now on the right course. If the Localizer’s 
operation was clearly understood, grasping the GS’s concepts is 
simple. The GS works on the same principle as the Localizer: the 
use of the 90Hz and 150Hz modulating signal. 

However, the GS provides vertical guidance using these, as 
opposed to lateral guidance provided by the Localizer. The GS 
uses frequencies between 329.30 MHz to 335.00 MHz (UHF), 
with 50 kHz spacing between each channel. The transmitter is 
located on either side of the runway, about 1,000 ft down the 
runway from the runway threshold.

The Glide Slope may employ a firing 
angle of 2° to 4°, the angle being decid-
ed upon after assessing the obstacles 
around the airport. If tall buildings are 
found along the extended centerline, a 

Localizer Array
   

Voltage relationships 
in the ILS receiver at 
positions A, B & C
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high firing angle may be adopted. Normally, the angle is 3°. The 
upper beam of the GS is modulated with a 90Hz sine wave, and 
the lower beam with a 150Hz sine wave. An imaginary 3° (if 3° is 
adopted) line marks the glide path, and an aircraft flying below 
the GP experiences more 150Hz than 90Hz on the UHF carrier, 
and hence the instrument shows the aircraft below the GP.

On the other hand, an aircraft above the GP will receive more 
90Hz than 150Hz, and display to the pilot the amount by which 
the aircraft is above the GP. As in the case of the Localizer, the 
ratio of the 90Hz and 150Hz signals is calculated, and the infor-
mation sent to the displays in the cockpit.

Signal from the signal generator is fed to a stack of dipoles 
with a ground reflector. No log periodic antennae are used here. 
The UHF frequencies and VHF frequencies are “paired”. 40 ILS 
channels exist, and each channel has a fixed UHF and VHF fre-
quency. When an ILS receiver is tuned to a particular VHF fre-
quency, the corresponding UHF frequency is tuned into by the 
UHF module of the receiver. The system also tunes into a fixed 
microwave frequency associated per channel. This is for distance 
finding, by the use of Distance Measuring Equipment (DME).

Thus, when an ILS “frequency” is tuned into, three receiv-
ers are being tuned. One for the VHF Localizer, another for the 
UHF Glide Slope, and the third for the microwave Distance 
Measuring Equipment.

MARKER BEACONS
Marker beacons are not absolutely necessary for an ILS. For ex-
ample, the HAL airport at Bangalore (VOBG) has an ILS without 
markers. Marker beacons operate at 75 MHz, and are of very low 
power of 3W or less. A vertically placed log periodic or yagi anten-
na fires the modulated 75 MHz wave up into the air. A complete 
ILS will have three marker beacons:
Outer Marker: The OM installed along the extended center-
line of the runway. When an aircraft is over the beacon, it re-

ceives a 400Hz Morse code modulated on the 75 MHz carrier. 
The Morse code appears as two dashes per second. On recep-
tion of the OM, the pilot knows that the aircraft is about 6NM 
from the runway threshold.
Middle Marker: The MM, too, is installed along the extended 
centerline. A series of dot dash dot dash at 1,300Hz modulates the 
75 MHz carrier. On reception of the OM, the pilot knows that the 
aircraft is about 0.8NM from the runway threshold.
Inner Marker: The IM is located along the extended centerline of 
the runway. A series of “dots” at 3,000Hz modulates the 75 MHz 
carrier. The aircraft receives this when on the runway threshold.

DISTANCE MEASURING EQUIPMENT
The DME has been around for quite some time. A DME unit is 
located near the glide slope antenna (usually collocated with 
it). DME operates in the 1025 MHz to 1150 MHz band. When a 
ground based DME unit receives a pulse train from an aircraft, it 
processes the signal by down frequency translating it by 63 MHz. 
After inserting a delay of 50us (microseconds), this processed 
pulse train is now transmitted.

When the aircraft receives the pulse train, it first stops a tim-
er and then checks to see if the pulse train was what it had sent 
earlier. If the transmitted and received pulses match, it uses the 
timer’s count value (which was started when the pulse train was 
sent from the aircraft) to determine the distance of the aircraft 
from the DME equipment on ground using:

D = 1/2 (C X (T-50us))
T = Time taken between sending and receiving the pulse 

train (minus 50us due to DME internal delay)
C = Speed of light in air.
D = Distance in metres.
DMEs operate at 100W or 1kW. They are capable of servicing 

a maximum of 200 aircraft at a time.
A DME provides the “direct” or slant distance of the aircraft 

ILS system showing only the 
Localizer and Glide Path.  
Runway 27 is ILS equipped  
while runway 09 is not.
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form the DME unit. Although the difference between the slant 
distance and actual ground distance is small at large distanc-
es, it grows larger as the aircraft approaches the DME unit. The 
DME uses a eight or 10 element collinear dipole phased array. 
The DME unit on board the aircraft is automatically tuned to 
when the VHF Localizer frequency is set, by making use if the 
VHF-UHF-Microwave pairing per channel for the Localizer-
Glide Path-DME.

The advantage of a DME is that the pilot is continuously fed 
with range information: the distance of his aircraft from the run-
way. Even on days when the visibility is bad, the pilot can visualize 
the distance to runway and take necessary actions.

COMPASS LOCATOR
Another radio navigation tool, a Non Directional Beacon (NDB), 
when used exclusively for an ILS approach, is known as a compass 
locator. This is nothing more than a Medium Wave (MW) or Low 
Frequency (LF) radio transmitter, much like a commercial AM ra-
dio station, with the exception that no music is transmitted. Com-
pass locators differ from NDBs only in their transmission. An NDB 
transmits a three or two letter identification Morse code.

Compass locators may not identify themselves. On board 
receivers determine the direction of the transmitter relative to 
the aircraft, and display the beacon’s relative heading to the pilot. 
This enables the aircraft to be flown towards the beacon, serving 
as a waypoint from where the pilot may begin his ILS approach. 
Radio beacons are subject to disturbances that may result in 
erroneous bearing information. Such disturbances result from 
such factors as lightning, precipitation static and so on.

At night, radio beacons are vulnerable to interference from 
distant stations. Nearly all disturbances which affect the Auto-
matic Direction Finder (ADF) bearing also affect the facility’s 
identification. Noisy identification usually occurs when the ADF 
needle is erratic. Voice, music or erroneous identification may be 
heard when a steady false bearing is being displayed. Since ADF 

receivers do not have a “flag” to warn the pilot when erroneous 
bearing information is being displayed, the pilot should continu-
ously monitor the NDB’s identification.

LIGHTING SYSTEMS
An ILS is incomplete without the lighting system. Although not 
a radio aid, it is essential in ensuring safe landings, both dur-
ing day and night, in poor visibility. Approach Lighting System 
(ALS), Sequenced Flashing White Lights (SFW), Touchdown 
zone lights (TDZ), and centerline lights constitute the light-
ing system. These lights are necessary for the transition from 
instrument landing to a visual touchdown. By employing high 
power lights, the pilot will be able to see the ALS at the decision 
height. The TDZ lights indicate the area where the aircraft must 
touch down.

THE PILOT’S PERSPECTIVE
While the need for an ILS may not be felt in good enough 
weather, where the visibility is greater than 5 nautical miles 
(NM), an ILS is the only popular system the pilots may com-
pletely rely on for a landing in poor visibility. The best feature of 
an ILS is that the signals from the transmitters may be directly 
interpreted by the autopilot systems on board the aircraft, to 
allow for an almost human-interference-free landing. This is 
of utmost importance in poor visibility scenarios, where the 
pilot may momentarily get spatially disoriented, resulting in 
very rocky approaches; and disasters in some extreme cases 
(especially when the flight crew is exhausted).

Even when a pilot decides to handle an approach manu-
ally, he doesn’t have to look out through the windshield to align 
the aircraft for the approach. All that is required of him is to 
follow the directions as given on the display which inform the 
pilot about his approach: whether he is to the left or right of 
the track, and above or below the glide slope. In the following 
sections, the ILS shall be explored from the pilot’s point of view, 

demonstrating how the gauge indications may 
be used to guide the aircraft to the runway.

The ILS receiver in any aircraft consists of two in-
dicators: the Glide Slope indicator and the Localizer 
Indicator. The C172 has two bars that show these. 
The horizontal bar swings up when the aircraft is 
below the Glide Slope—the upswing proportional to 
the deviation of the aircraft from the glide path. The 
same bar swings downward, by an amount propor-
tional to the deviation of the aircraft from the glide 
path, when the aircraft is above the glide slope.

Anyone may visualise this as a galvanometer 
resting on its left side. If a negative voltage is ap-
plied to the galvanometer, the needle deflects left 
(up in this case), and when a positive voltage is 
applied, the needle deflects right (down in this 
case). The amount of deflection is proportional 
to the voltage. If we assume that the receiver al-
ways subtracts the received 150Hz voltage level 
from the received 900Hz voltage level, then, as de-
scribed earlier, when the aircraft is below the glide 
slope, the 150Hz level will appear greater than the 
90Hz voltage level. The result of V90-V150 operation 
will be negative (as V150 > V90), and the needle will 
deflect UP by an amount proportional to V90-V150. 
On the other hand, the needle will deflect down 
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Slant range versus  
actual distance
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when it receives appositive 
voltage, and a positive volt-
age after the V90-V150 opera-
tion may be obtained only 
when the aircraft is above 
the glide slope, where the 

90Hz signal level is greater than the 150Hz signal level. When 
the aircraft is on the glide slope, V90-V150=0, and the galvanometer 
receives no voltage. The needle is now horizontal, indicating that 
the aircraft is on the glide path.

If the V150-V90 (note: it’s not V90-V150) from the Localizer is 
applied to an upside-down galvanometer, then the needle will 
swing left when the voltage is positive (V150>V90: This happens 
when the aircraft is to the right of the extended centerline of the 
runway). The opposite occurs when the aircraft is to the left of 
the extended centerline. When on the extended centerline, the 
needle is vertical, pointing to 0 volts.

When the GS needle is horizontal, and the LOC needle verti-
cal, the aircraft is on the extended centerline and on the glide 
slope. The aircraft has now “established the ILS” for the con-
cerned runway. Suppose a pilot had established the Localizer 
and glide slope, the ILS display would show the two bars forming 
a cross at the centre of the display.

If the pilot decided to descend too steeply, then he would fall 
below the GS. The ILS display shows him on the extended center-
line, but below the GS. The upward needle indicates that the pilot 
must now climb to reach the glide path. If in his attempt to climb 

to reach the glide path, the pilot accidentally banked his aircraft 
slightly left, the LOC needle would start drifting to the left. Now 
the pilot has to both climb to reach the GP and turn right gently 
to put his aircraft back on course to the runway.

Now if the pilot overdid the turn, he would have gone back on 
course, and overshot it, only to find himself to the right of track. 
He now has to turn left and continue climbing. If the pilot now 
again overdid the turn, and didn’t keep his eye on the GS needle, 
he might land up to the left of track and above the glide slope. He 
now has to descend to get back on the glide slope. In all of the 
above circumstances, the pilot had to do only three things:

• Keep an eye on the GS and LOC needles
• Gently correct the aircraft’s attitude and heading, and rate 

of descend.
• Follow the needle.
Point 1 is important because concentrating on only one will 

mess up the other. Of course, an eye has to be kept on the airspeed 
and altitude too. Point 2 is relevant because an ILS is up to 4 times 
more sensitive than a VOR receiver. Although both share a lot of 
circuitry and common radio management panel, the sensitivity 
of the ILS to drifting is larger due to the nature of the antennas 
used on ground. A pilot used to tracking a VOR radial well may 
not track the LOC well, unless he bears in mind the four fold sen-
sitivity of the ILS receiver to track/GS drifts. Point 3 highlights the 
intuitive nature of the receiver design. All that a pilot has to bear 
in mind is the fact that the aircraft must “follow the bars” until 
they cross each other at the centre of the display.

Location of the ILS/VOR
receiver display in the C172 cockpit
   

PH
O

TO
G

R
AP

H
: 
AL

EX
 M

cM
AH

O
N

/W
W

W
.A

IR
LI

N
ER

S
.N

ET



Issue 2 • 2009 • SP’S             • 17

TECHNOLOGY / LANDING SYSTEM

The Instrument Landing System 
at any airport falls into one of 
three major categories based on 
the quality of the radio signal, 

the surrounding obstacles, reflections 
from surrounding buildings, the ap-
proach lighting systems, and availability 
of the marker beacons. Listed below are 
the USA ILS categories:
ILS Category I
An ILS approach procedure which pro-
vides for approach to a height above 
touchdown of not less than 200 feet and 
with runway visual range of not less 
than 1,800 feet.
ILS Category II
An ILS approach procedure which pro-
vides for approach to a height above 
touchdown of not less than 100 feet and 
with runway visual range of not less 
than 1,200 feet.
ILS Category III
• IIIA: An ILS approach procedure 

which provides for approach without 
a decision height minimum and with 
runway visual range of not less than 
700 feet.

• IIIB: An ILS approach procedure 
which provides for approach without 
a decision height minimum and with 
runway visual range of not less than 
150 feet.

• IIIC: An ILS approach procedure 
which provides for approach without 
a decision height minimum and with-
out runway visual range minimum.
Using the ILS, certain aircraft may 

land automatically, without the need of 
pilot inputs. This is possible after the 
aircraft has established the Localizer, 
and:
• The aircraft is certified for such an ap-

proach
• The aircrew (pilots) must be certified 

to carry out this procedure.
Even if one of the pilots is not certified 

for such an approach, the aircraft may 
not be permitted to autoland. Notably, 
the ILS CAT I is not Autoland approved. 
In the case of CAT II, the aircraft may be 
on autoland down to a height of 100 ft 
above the touchdown point. If the run-
way lights/runway/approach lights are 
not seen even at this altitude, the pilot 
must execute a missed approach (reject 
the landing). If the runway/approach 
lights are visible by this altitude, he has 

to continue with the autoland (USA), ex-
cept in cases where

Head Up Displays (HUDs) make pos-
sible a safe manual landing in poor 
visibility. Where autoland is permitted 
or used, the aircraft must make use of 
other devices, as described in the next 
paragraph.

For a CAT 3 approach a pilot may al-
low the aircraft to touch down all by it-
self. For such an approach, the aircraft 
needs more than the ILS to fly. It makes 
use of the Radio Altimeter (RA), in addi-
tion to both the ILS receivers on board 
the A/C (The Captain’s and the First 
Officer’s). 

In the mot aircraft, a dual channel 
landing is necessary, wherein both the 
auto pilots are engaged for the approach. 
Once the RA reading starts approaching 
low values, the aircraft’s pitch is smoothly 
altered, so as to “flare” for landing. n

(Above) Location of the  
APPR/LAND (Approach/Land) button 
in a MD-11 aircraft; (right) basic diagram 
of the JFK International Airport
   

ILS CATEGORIES
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ILS: FOR HOW LONG?

The instrument landing system has proved itself in the past, and will 
prove itself in the future. But with congested air traffic a severe reality 
today, questions are being raised about the continuation of the ILS at 
most busy airports.

As the name suggests, the Microwave Landing System (MLS) oper-
ates in the microwave region of the Radio Frequency (RF) spectrum, 
unlike in the VHF-UHF-Microwave region of the ILS. Though a project 
started nearly 30 years back, its death was seen since its birth. Many 
airlines we reluctant to spend money on installing MLS receivers on 
their aircraft.

Some airports already have the MLS installed. The MLS offers signifi-
cant advantages over the existing ILS, but with the possibilities of a GPS 
based landing system presented before the FAA, the MLS saw its pre-
mature death. Although in Europe MLS is more recognized than a GPS 
(because the GPS is under the complete control of the US Department of 
Defense, DoD, and its accuracy may be changed without notice.

A GPS landing is recognised in the US. John F. Kennedy Airport itself 
has procedures for a GPS Landing. Most MLS have been turned off in the 
US, while the European ones continue to operate, though not popular. An 

MLS provides a higher accuracy than an ILS. GPS’s accuracy is compa-
rable to that of MLS, except for the accuracy in the vertical plane, which 
may be significantly improved by the installation of small ground based 
equipment. The biggest advantages of GPS-based landing system are:
• Aircraft already fitted with a GPS ( for navigation) need no other de-

vice to be installed.
• Does not require ground based systems at airports-even the vertical 

guidance issue may be resolved with the use of a WASS satellite.
But the reasons for looking for an alternative to the ILS are:

Site sensitivity and high installation and maintenance costs.
• Single approach path
• Multi path interference
• Channel limitations—40 channels only
• Susceptible to interference from FM stations
• Lower precision as compared to its alternative systems
• Inflexible glide paths
• Inability to allow for segment and curved approaches

In conclusion, it will still be another decade or so before the ILS is 
completely phased out. Till then, enjoy your approaches. n

Aircraft has drifted slightly left  
of track and above the glide slope
   

Aircraft has drifted right of track 
and below the glide path
   

Aircraft has drifted slightly off 
course and below the glide path
   

Aircraft is on extended centerline, 
but has fallen below the glide slope
   

Horizontal GS and vertical LOC 
denote aircraft is on glide slope and 
on extended runway centerline
   

The same galvanometer, now upside 
down, acts as the LOC needle
   

The same galvanometer when on its 
side looks like the GS needle of  
a VOR receiver display
   

A simple galvanometer 
   

DISPLAYS IN GLASS COCKPITS
Flight decks with electronic displays (either CRT screens or LCD dis-
plays) fall under the category of glass cockpits. Some ILS receivers 
don’t require the course of the LOC to be entered into the display (ILS 
course: Bangalore’s VOBG has an ILS for runway 27. The magnetic 
heading of this runway is 268 (east to west), and thus the ILS course is 
268 magnetic). However, in most aircraft, this is necessary. Note that 
it is unnecessary from technical operational point of view, but serves 

to remind the pilot the runway heading. If the course in not set, the 
pilot may be misled by the track bar readings on his display. SP

The writer is a fourth year student of Electronics and Communi-
cation Engineering at Manipal Institute of Technology, Manipal, 
India. He has been actively involved with ILS testing and cali-
bration at Surabaya, Indonesia. He is currently an intern with a  
major North American avionics manufacturer.
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‘Lot of potential for  
MRO business  

in India’

SP Guide Publications (SP’s): Air Works India has been in 
existence for almost six decades. What have been the mile-
stones along the way?
Fredrik Groth (FG): Founded on April 16, 1951 by B.G. Menon and 
P.S. Menon, Air Works India began with maintenance and overhaul 
work on a few DC-3s. It soon achieved several firsts for the industry, 
including cloud seeding for artificial rain by using a modified DC-
3 aircraft, aerial advertising by banner towing, infrared scanning, 
aerial survey and photography, and conversion of a DC-3 aircraft to 
test the payload of SLV-I and SLV-II created by ISRO, Sriharikota. 

In 1982, Air Works established a ground training school, Aero-
nautical Training Centre, at Mumbai with a Directorate General of 
Civil Aviation (DGCA) approved and certified curriculum. Opera-
tional for almost two decades, the school has provided over 1,000 
qualified mechanics to the aviation sector in India and across the 
globe. In 1993, Air Works established an airline division to provide 
maintenance and support services for two years during the set-up 
of Jet Airways Private Limited and conducted the first DGCA-certi-
fied Ground Proximity Warning System installation on a corporate 
aircraft in India in 1998. In 2007, Air Works attracted two strategic 
investors—Global Technology Investment Group, LLC, a New York-
based private equity firm, and Punj Lloyd, a transnational company 
specialising in the energy and infrastructure sectors, headquartered 
in Gurgaon, India—to broaden the equity and strategic reach of the 
company.

Last year, Air Works set up the nation’s first third party airline 
maintenance, repair and overhaul (MRO) facility at Hosur airport 
and also became India’s first DGCA approved Commercial MRO. In 
addition to the existing 24,500 sq ft hangar in Hosur, the company 
has plans of building four state-of-the-art fully equipped hangars, 
including a dedicated paint hangar.

 In a candid interview, Fredrik Groth, CEO, Air Works India,  
details the growth of the company, its growth strategies and his 

views on the air charter segment of the aviation industry  
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Recently, Air Works partnered 
with Kingfisher Airlines to un-
dertake maintenance of its fleet 
of ATR aircraft. Under this agree-
ment, Air Works will carry out ‘C-
Checks’ for ATR 72 in Hosur. This 
makes Air Works the first Indian 
MRO company to undertake air-
line maintenance.

SP’s: What types of business aircraft are operated by Air 
Works for its air charter segment?
FG: Air Works operates on business aircraft such Gulfstream 
G-IV, Gulfstream G-200, Citation 650, Hawker Beechcraft B200, 
Bell 412, Bell 407, Bell 206 L-4 and Enstrom 48B.

SP’s: What is the demand for air charter in India? What 
are the short and long term future prospects for the 
country’s air charter companies?
FG: Despite the slowdown in the market, the demand for air 
charter in India has been on a constant rise. Aircraft charters 
offer the flexibility, efficiency and privacy that may not be found 
in a commercial airline, especially when travelling to different 
cities for business. With election time in India, the helicopter 
charter industry has left the recession-hit market far behind 
and seems to have overtaken all expectations in this regard. 
The government, too, has been comparatively liberal this year 
in granting import permissions to private charter companies. 

So far as the short and long term prospects for air char-
ter companies in India are concerned, we would say that the 
charter business is still in its infancy but has been growing 
rapidly in the past decade. The industry adds few aircraft ev-
ery year and these numbers have been constantly increasing. 
So, you can say, that the percentage of change over the next 
few years will exceed that of over the last 10 years. Private 
charter is no longer a luxury item for a select few; instead, it is 
becoming more of a necessary business tool required to oper-
ate effectively in the world.

SP’s: What are the necessary policy changes to promote 
business aviation in India? What are the impediments, 
if any, in operating from metros or other major airports 
such as Bangalore or Hyderabad International Airports?
FG: To leverage the business aviation sector in India, policy 
changes will have to encourage airlines at the highest manage-
ment levels to utilise the capabilities within the country and 
support continued development. Government should also ad-
dress the present customs and VAT regulations, which affect 
the business aviation sector adversely as compared to its com-
petitors in the region.

SP’s: What is the current overall situation regarding 
availability of MRO facilities in India with respect to 
airlines and general aviation aircraft?
FG: The past few years have witnessed a phenomenal growth in 
the MRO sector in India, especially in terms of general aviation 
aircraft. In order to assure safety of passengers, Indian carriers 
need world class maintenance for their aircraft. They also need 
heavy airframe and engine maintenance, as well as component 
repair and overhaul facilities. Currently, a vast majority of the 
airlines in India outsource their maintenance to foreign com-

WIDE EXPERIENCE:  
Air Works operates on 
business aircraft such 
Gulfstream G-IV, Gulfstream 
G-200, Citation 650, Hawker 
Beechcraft B200, Bell 412, 
Bell 407, Bell 206 L-4 and 
Enstrom 48B
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panies, while the 
same is available 
in India at a lower 
cost. With the cur-

rent potential and the rapidly growing Indian aviation market, 
large deals and joint ventures with global aviation majors may be 
expected soon and India should position itself to emerge as an 
MRO hub for the Asia-Pacific region.

SP’s: With its strategic location between the East and the 
West, India has the potential to become a regional MRO 
hub. What, in your view, has been the biggest hindrance 
till now and what would be the remedial steps?
FG: A number of domestic airlines continue to send their aircraft 
for MROs abroad, which means that India is losing out on a lot of 
business. This is mainly a result of stringent government policies 
that hinder the setting up of MRO business in India. High tax li-
abilities, especially import duties for aircraft spares and difficulty 
in acquiring land near airports discourage MRO business in In-
dia. Hence, there is a lack of adequate utilisation of the expertise 
available in India. 

To leverage this potential, MROs in India will need assistance 
from the government to encourage the highest management lev-
els of the airlines to utilise the capabilities within the country and 
support the continued development of the domestic MRO indus-
try. The government should also guide and lead MROs in their 
efforts to address the present customs and VAT rules, which ad-
versely impact the Indian MRO industry vis-à-vis its competitors 
in the region.

SP’s: There are reports in the media about major foreign 
players exploring possibilities of establishing MRO facili-
ties in India through joint ventures. Who are the players 
and what has been the progress made so far?
FG: Foreign companies, such as Airbus, Boeing and Malaysian 
Airlines, are looking to set up MROs in India. A majority of them 
only operate through joint ventures as opposed to their own 

wholly owned facilities. For example, Airbus has a joint venture 
with Jupiter Aviation; Boeing has a pact with Indian Airlines in 
Nagpur and Malaysian Airlines with GMR.

SP’s: What is the capacity and clientele available with Air 
Works at the Mumbai MRO facility? Does Air Works have 

the facility to carry 
out all levels of in-
spections, overhauls 
and major structural 
repairs?
FG: Air Works Mumbai:
•  Has the capacity to 

maintain airframe, 
avionics, electrical, 
wheels and brakes, 
batteries and hydrau-
lics. Complete aircraft 
modifications, paint, 
spare part sales and 
distribution.

•  Is approved by DGCA 
under CAR 145 for 
maintenance of Air-
frame, Engines and 
Avionics on Agusta 
Westland, Bell Heli-
copter, Bombardier, 
Cessna, Dassault, Eu-
rocopter, Gulfstream 
& Hawker Beechcraft. 

• Appointed by Honeywell (Aerospace) International for pro-
viding sales and service support for Honeywell products 
exclusively in connection with the BGA Aircraft business 
covering the Indian Sub-Continent.

• Has approval to service over 40 different types of aircraft.
Currently, Air Works has 70-plus aircraft under maintenance.

 “A number 
of domestic 
airlines 
continue to 
send their 
aircraft for 
MROs abroad, 
which means 
that India is 
losing out 
on a lot of 
business.”

FORGING FRESH TIES:  
Air Works recently signed an agreement 
with Kingfisher Airlines to perform ‘C 
Check’ for its ATR 72 fleet at the MRO 
facility in Hosur, near Bangalore
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SP’s: What are the plans for the new MRO facility created 
by Air Works at Hosur and how many aircraft have been 
handled so far?
FG: Air Works launched India’s first commercial MRO facility in Ho-
sur, near Bangalore, in October 2008. The MRO facility in Hosur is 
equipped to carry out ‘C Check’ for different types of aircraft. We 
recently signed an agreement with Kingfisher Airlines to perform ‘C 
Check’ for its ATR 72 fleet at the facility. Air Works signed a 25-year 
lease in May 2008 committing to provide an existing hangar plus 
four more to be constructed in the future. The plan is to encour-
age domestic airlines to use MRO facilities in India instead of go-

ing abroad. Air Works expects to 
receive approval from DGCA for 
heavy maintenance of the Boe-
ing 737. The Air Works Airline 
MRO has also met the European 
Aviation Safety Agency approval 
requirements and is awaiting au-
dit of the facility by May 2009. 

SP’s: Establishment of an 
MRO facility calls for heavy investment in infrastructure 
and qualified manpower. What has been your experience 
with regard to availability of technical manpower in terms 
of numbers, skill and quality of basic training?
FG: India has a vast pool of technical manpower as compared to 
Western Europe and the US. MRO manpower costs in India vary 
from $30 (Rs 1,500) to $35 (Rs 1,750) per hour, which is almost 60 
per cent cheaper in comparison to the West. There is a shortage 
of skilled labour in developed countries as the existing workforce 
is ageing while new talent is unavailable. As stated earlier, the 
ground training school, Aeronautical Training Centre, at Mumbai 
contributed over 1,000 qualified mechanics to the Indian as well 
as global aviation industry. Even today we get scores of requests 
to revive the training school.

SP’s: Apart from Air Charters and MRO, what other types 
of aviation related activities is Air Works engaged in?
FG: Air Works provides aircraft acquisition consultancy to in-
clude aircraft selection, sourcing and a wide variety of owner-
ship solutions. It facilitates aircraft finance and insurance, and 
provides assistance with import and regulatory approvals. Ad-
ditional services include complete operational management to 

include flight planning, dispatch, ground handling, crewing and 
flight safety oversight.

Air Works is the exclusive representative for Gulfstream 
Sales & Service in India. In future, Air Works intends to set up a 
joint venture for nationwide FBO Operations for which a bid has 
been submitted to Delhi Airport with Jet Aviation as the joint 
venture partner.

SP’s: The civil aviation industry is largely driven by the 
economy. Given the global economic downturn, which ap-
pears to have affected the Indian economy as well, what, 

in your opinion, are the prospects for the MRO segment of 
the industry both in the short and long term? 
FG: There is a lot of potential for MRO business in India. As per Back 
Aviation Solutions and Aero Strategy, a 5.3 per cent compounded 
annual growth rate is estimated in China, India and Middle East 
MRO markets by 2015. The growth of MRO is an indication of in-
creasing trends in ‘engineering outsourcing’ by the airlines. India is 
emerging as a major outsourcing hub for aviation activities due to 
competitive labour rates compared to the US and Europe. In com-
parison to $80 (Rs 4,000) per hour of labour in the US and Europe, 
India can offer services at as low as $35 (Rs. 1,750) per hour. 

During the economic downturn, it is natural for business pro-
cess outsourcing to reduce cost as engineering outsourcing has 
been one of the most important factors in airline turnarounds be-
cause engineering is the third highest expense for the airline after 
fuel and employee costs. Airlines are increasingly outsourcing en-
gineering activities to obtain competitive advantage and reduce 
operating cost, as well as huge capital cost.

MROs offer the services of specialised engineering person-
nel. Hence, airlines can derive better quality of maintenance and 
global exposure to new maintenance concepts for the engineer-
ing personnel who liaise with the MRO. This, in turn, can help 
airlines achieve a better technical dispatch reliability, and in turn, 
better customer satisfaction. 

SP’s: How would you compare the prospects of growth in 
the rotary wing segment vis-à-vis the fixed wing segment 
in the regime of general aviation?
FG: From a short term view, helicopters will be in demand but the 
fixed wing segment is poised to grow manifold with the growth of 
MRO segment in India. Once the MRO sector of India takes off, we 
will see an exponential growth of the fixed wing segment. SP

SPREADING ITS WINGS:  
In 2007, Air Works attracted  

two strategic investors— 
Global Technology Investment 
Group, LLC and Punj Lloyd— 

to broaden the equity and 
strategic reach of the company
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 Researchers are 
working on engines that 

would conform to the 
increasingly stringent norms 

stipulated for eco-friendly 
and fuel efficient machines 

g
reen  

Conscience 
iN JANUARY 1930, FRANK WHITTLE, an Englishman, de-

signed, developed and patented the first gas propelled jet engine. 
The engine, however, was employed more than a decade later, in 
May 1941, to propel a jet airplane in England. In 1936 in Germany, 
Hans von Ohain and Max Hahn patented their own design of a jet 
engine. In August 1939, this engine powered a Heinkel HE-178 air-
plane. Although the origin of the jet engine lay in Britain, the first 

jet powered aircraft flew in Germany.
Till the 1990s, the focus of development of the jet engine was concentrated 

primarily on achieving higher levels of thrust so as to propel larger commer-
cial aircraft. It is only in this decade that the new mantra, to produce engines 
that provide for high fuel efficiency without compromising on the thrust, has 
pervaded the industry. There has also been considerable emphasis on reduc-
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tion of emissions and noise pollution. (See “The Green Engines 
are Coming”, SP’s Airbuz 02/2008). Researchers are now work-
ing on engines that would conform to the increasingly stringent 
norms stipulated for  eco-friendly and fuel efficient machines.

TURBO FANS
Propulsive efficiency of modern jet engines (most commercial 
aircraft are powered by turbo-fan engines) is a product of the 
bypass airflow, which gives a secondary source of thrust. The 
ratio of the air flowing outside the core of the engine and the 
air, which flows through the core of the engine, is termed as 
Bypass Ratio (Secondary Flow/Pri-
mary Flow). During the 1960s, the By-
pass Ratio was in the region of 1.5:1. 
A decade later, the ratio increased to 
around 5:1. Today, some of the en-
gines have a ratio of around 9:1 and 
more. However, the drive to increase 
Bypass Ratio necessitates higher 
weight and increase in the size of the 
engine. For example, the designers 
have to compromise between the di-

ameter of the fan and the ground clear-
ance when mounted below the wings. 
The Trent 1000 engine has a fan diam-
eter of around 285 cm with a Bypass Ra-
tio of 10:1 as compared to the Trent 700 
with a fan diameter of 246 cm and a ratio 
of 5:1. The Trent 1000 has a Specific Fuel 
Consumption (SFC) of around 14 per 
cent higher than that of Trent 700. Simi-
lar is the case with the GEnx. This has a 
282-cm diameter fan and the SFC is 15 

per cent better than that of the GE-CF6, which has a fan diameter 
of 236 cm and is an engine of the older generation with the same 
thrust rating. The former has a Bypass Ratio of 9.5:1 as compared 
to 5:1 of the latter.

According to Rolls-Royce, one of the leading manufacturers 
of jet engines, the point of diminishing returns in today’s engine 
technology is a ratio of about 10:1. However, researchers say By-
pass Ratio of up to 15:1 could be accomplished by reducing the 
system weight. Therefore, GE is now focused on lightweight ma-
terials. The all new GEnx now has a composite fan case, which re-
duces weight and improves corrosion control. Manufacturers say 
this improvement on the engine saves almost 350 lbs of weight as 
compared to a metal version. Similarly, Pratt & Whitney’s Geared 
Turbofan (GTF), being developed for the Mitsubishi Regional Jet, 
produced by Mitsubishi Aircraft Corporation and the C-Series jets 
forthcoming from Bombardier, is expected to have a Bypass Ratio 
from 10:1 to as high as 12:1.

The aim, therefore, is to develop turbo-fan engines that weigh 
less, effectively by reducing the individual component weight with 
the use of composites. The trend today is to have larger fan sections. 
This translates into sizeable increase in weight, which is almost  
three times on account of the increase in size of the fan containment 
case, enlargement in the engine structure and reinforcements in the 
airframe structure. This domino effect on the total aircraft weight is 

IMPROVED 
ENGINES:  
The Trent 1000 engine 
has a fan diameter 
of around 285 cm; 
(previous page) Pratt 
& Whitney’s Geared 
Turbofan
   

LATEST 
INNOVATION:  
In Pratt & Whitney’s 
Geared Turbofan, a 
system of gears allows 
running of the fan and 
the turbine at different 
speeds
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required to be catered 
for without increasing 
the all-up weight. 

CFM International 
has developed a com-
prehensive technology 
update package, mar-
keted under the trade 
name LEAP 56. CFM 
began production in 
2007 and has already 
delivered more than 
1,000 new engines for 
new aircraft. The en-
hanced turbofans fea-
ture a more efficient 
engine core, compres-
sor and turbine, as well 
as infusion moulded 
fan blades and a com-
posite fan case. Given 
these modifications, 
composite materials 
now make up roughly 
20 per cent, by weight, 
of each new CFM56 
engine. GE says that 
their costs have re-
duced with the use of  
composites instead of metal in the fan com-
ponents. The main reason for this is the rising 
prices of the alloys and the long lead time by 
their suppliers. This has prompted the com-
pany and its competitors to explore means of 
extending the employment of composites to 
other components of their engines.

TURBINE
While the weight of the bigger turbofan is re-
duced by using composites, there is another 
problem. Larger diametric fans need to rotate 
at lower speeds to ensure that the tip speed re-
mains sub-sonic to reduce drag. The speed of 
the rotation of the fan is linked to the turbine 
speed. Higher the speed of rotation of the low 
pressure turbine, better is its efficiency. How-
ever, due to the limitations in the rotational 
speed of the fan, there has necessarily to be 
a compromise between the rotation speed of 
the two components of the engine. The most 
recent  innovation is the GTF, designed  by 
Pratt & Whitney. A system of gears is inserted 
between the fan and the low-pressure turbine 
which allows running of the fan and the tur-
bine at different speeds. This ensures that with 
decoupling, the large diametric fan runs at a 
speed 30 per cent lower than that of a conven-
tional turbofan of similar size. The low-pres-
sure turbine runs almost three times as fast 
compared to the low-pressure turbines in con-
ventional engines.

As the diameter of the fan increases, the 
tip-speed is controlled by lower rotations of the 
fan which results in higher efficiency and lower 
noise levels. Low pressure turbines are revved 
up due to the gears and these operate at a more 
efficient speed. Questions may arise about the 
gear systems being complex and adding to the 
weight. Pratt & Whitney says that this is offset 
by the reduction in the Low-Pressure stages and 
airfoils. Further, they say that for a given thrust, 
a bigger fan means the high speed spool can 
be smaller and reduces weight. For example, a 
25,000 lb thrust GTF engine will be almost 10 
per cent lighter than a comparable convention-
al engine because it has fewer stages.

Conventionally, the High Pressure (HP) tur-
bine, which is the first stage of the assembly, and 
the Low Pressure (LP) turbine, which is in the 
last stage of assembly, rotate in the same direc-
tion. GEnx engines have the high-pressure and 
low-pressure spools rotate in opposite direc-
tions. This concept  was first used in the Trent 
900 and later, in the Trent 1000. GE says this is 
beneficial because the airflow which exits the 
HP turbine is not manipulated before entry into 
the LP turbine. Besides, fewer vanes to direct 
the airflow are employed. Computers are used 
to analyse the airflow and the turbine blades 
are  designed so as to allow the synchronised 
flow through the blades. This minute tailoring 
helps to reduce aerodynamic loss and increase 
efficiency. The company introduced ‘blisks’ or 

 Apart from 
the design, 
managing 
the optimal 
performance 
of the engine 
is very 
important, 
more so with 
the savings of 
fuel burn

TECH TALK:  
GEnx uses modified 
nacelles in the trailing 
edge to reduce noise 
by pre-mixing the core 
air and the by-pass air 
before they exit the 
engine
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Bladed Discs for the compressors where the airfoils are machined 
out of a solid piece of material or have been joined to the discs with 
friction welding. This increases strength and durability while de-
creasing the weight of the assembly, as well as, aerodynamic loss. 
As of now, the GEnx uses ‘blisks’ in three out of the 10 compressor 
stages, after weighing the benefits versus the costs. GEnx also uses 
modified nacelles in the trailing edge to reduce noise by pre-mix-
ing the core air and the by-pass air before they exit the engine.

COMBUSTORS
The fuel is delivered through burners to the combustion chamber 
after imparting high swirl energy to create an atomized spray. The 
GEnx uses Twin Annular Pre-mixing Swirlers (TAPS) fuel nozzles. 
This ensures that the mixture of the fuel and air is optimal so that 
it burns at a lower temperature, increases the specific fuel con-
sumption and reduces the emission of Nitrogen Oxides (NOx). 
TAPS creates a stable, leaner mix of fuel and the air which, during 
combustion, maintains a lower temperature. Heat resistant tiles 
are used to line the combustor so that there is a lesser require-

ment of cooling air to cool the combustor. With less cooling air re-
quired, there is more space and volume to burn the same amount 
of fuel. Again, there is a decrease in the peak temperature and 
increase in efficiency of the engine.

MONITORING 
Apart from the design in the construction of the engine, man-
aging the optimal performance of the engine is very important, 
more so with the savings of fuel burn. With embedded heat-re-
sistant sensors in the engines, Full Authority Digital Electronic 
Controls (FADEC) and the Engine Indication and Crew Alerting 
System (EICAS), downloading the engine performance data for 
the engineers and the pilots is faster and more efficient. Major 

advances are being made in sensor elements which are critical for 
the Engine Health Monitoring System (EHMS).

Key factors driving new developments are failure detection and 
engine responses. With increasing flight endurances and the air-
planes getting bigger, the input/output of the data should be at least 
30 per cent higher than the engines of the previous generation. The 
GEnx has a dedicated Engine Monitoring Unit (EMU) which is linked 
to the FADEC. The EMU focuses on the gas path, vibration, fuel, start 
sequence and controls, isolating any damage that occurs to the com-
pressors, turbine or combustor.

THE FUTURE 
Researchers are working on environ-
ment friendly engines. The Internation-
al Civil Aviation Organisation’s Com-
mittee on Aviation and Environmental 
Protection is focused on specific fuel 
consumption to reduce carbon dioxide 
emissions. Then there are other pro-

grammes underway such as the European engine manufacturer 
Motoren-und Turbinen Union, an aero engine programme called 
the Clean Air Engine, Volvo’s Environmentally Friendly Aero 
Engine and the NASA’s Subsonic Fixed Wing, which focuses on 
noise reduction and emissions through integrated airframes and 
propulsion systems. These programmes will yield results by 2035 
and should reduce fuel burn by around 35 per cent from the 2000 
baseline standards. 

The jet engine manufacturing industry is highly competitive 
and manufacturers are engaged in research for high-tech innova-
tions. After all, the customer wants a fuel saving, environmentally 
friendly and efficient engine to propel his aircraft. And there is no 
end to the research and innovations to improve the engine. SP

TRENT-SETTERS:  
The first Boeing 
787 Dreamliner was 
powered by a Rolls 
Royce Trent 1000 
engine
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Flying  
Into  
Bad Times?

B
ARELY FOUR MONTHS INTO 2009 and 
Kingfisher Airlines appears to have hit turbu-
lence. Mid-April, reports in the media point to 
a sudden exodus of Airbus Commanders from 
the airline. In just one week, as many as 26 are 
reported to have deserted their flamboyant 
employer and are believed to be headed for 

the Middle East. Despite the global economic downturn and 
clear signs of the Middle East economy slowing down, Qatar 
Airways is in the expansion mode and is prepared to offer as 
compensation a hefty tax free package to pilots qualified and 
experienced on Airbus family of aircraft. But the lure of money 
is perhaps unlikely to be the only provocation for this unusual 
and sudden migration of experienced pilots, some of whom are 
believed to be exploring opportunities to fly with any of the 
low cost airlines in the India.

Conferred “Five Star Airline Status” by the UK-based con-
sultancy Skytrax for delivering the highest standards of cus-

tomer service, Kingfisher Airlines was launched in May 2005 
with great fanfare. The airline ushered in a refreshing five-star 
culture in domestic air travel that was laced with innovative 
features to provide the customer—referred to as ‘guest’ by 
the airline—excellent value for money and the unforgettable 
“Kingfisher Experience”. On account of a powerful image pro-
jection blitz with its catchy slogan “Fly the Good Times”, very 
soon Kingfisher became the airline of choice for the sophisti-
cated and choosey segment of society. Not before long, King-
fisher Airlines emerged the acknowledged market leader in the 
industry. 

The airline inducted a fleet of brand new aircraft of the 
Airbus 320 family, Airbus 330, ATR 72 and placed orders for 
more in accordance with their long term plans for expansion. 
Kingfisher was the first airline in India that had, and perhaps 
still has, plans to induct the giant Airbus 380 due for delivery 
in 2012. The airline was staffed and in some areas overstaffed 
with the best available in the market. Employees spoke with 

By B.K. Pandey,  
Bengaluru
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 The beleaguered Kingfisher Airlines should perhaps shift focus 
from exclusivity to a business model that is relatively more austere, 
sustainable and harmonised with the nation’s economic realities 
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immense pride about the airline and appeared to be happily 
revelling in the glamorous world of Kingfisher. The airline 
even bought over Deccan in the middle of 2007 with the triple 
objective of killing competition, enlarging operational network 
and commencing services on international routes in August 
2008 using Deccan’s operating licence. The aim was to beat the 
other Indian carriers of Kingfisher’s vintage.

DREAMS HIT WALL OF DUES
By the end of 2007, hopes of breaking even after three years of 
operation began to fade. Under the dual onslaught of skyrock-
eting prices of Aviation Turbine Fuel (ATF) and declining load 

factor owing to global economic downturn that had the inevi-
table impact on the Indian economy, the year 2008 proved to 
be a nightmare not only for Kingfisher but the airline industry 
as a whole. Both these factors played havoc with the balance 
sheet of the airline which was perpetually in a state of imbal-
ance since inception on account of extended operation of the 
airline at a high threshold of input costs. 

Between April and September of 2008, Kingfisher reported 
a loss of Rs 641 crore. In the last quarter of 2008, that is, Octo-
ber to December 2008, finances of the airline were down by an-
other Rs 626 crore. Bills started to pile up of substantial sums 
owed to the various agencies, such as oil firms for ATF already 
drawn, five star hotels utilised by crew, simulator training con-
ducted at establishments abroad, local transport companies 
for services provided and Airport Authority of India in respect 
of the various charges. All together the cumulative arrears were 

reported to be over Rs 1,000 crore. Financial woes of the airline 
were compounded by the fact it was unable to obtain fuel and 
other services on credit till such time the dues were cleared.

While lower prices of ATF provided some relief, to redeem 
the grievous state, the airline set in motion a number of emer-
gency measures to reign in expenditure. These included trim-
ming capacity through withdrawal or reduction in the number 
of flights on unprofitable routes; shelving of expansion plans; 
deferment of delivery schedules of new Airbus 320 class air-
craft; lease or sale of aircraft already with the airline rendered 
surplus; modification of orders for the long-haul A340-500 air-
craft and the smaller A333-200s; strategic operational alliance 

with Jet Airways to pool resources and optimise capacity utili-
sation; review and rescheduling of some international routes, 
notably to the US, and so on. The airline was in desperate need 
for funding and was lobbying with the government for invest-
ment by foreign airlines, which was not permitted under the 
existing regulations. 

Unfortunately, even the latest regulations put in place by 
the government a month ago have dashed hopes of domestic 
airlines seeking foreign airline equity. The new regulations per-
tain to investments and operations of scheduled airlines which 
set a minimum paid up capital of Rs 50 crore with five large 
aircraft. For regional carriers, the entry barriers are lower at 
a minimum equity of Rs 20 crore and five aircraft. The regula-
tions permit foreign equity up to 49 per cent and NRI invest-
ment up to 100 per cent but continue to prohibit investment 
by foreign carriers.
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PILOTS BEAR THE BRUNT
For Kingfisher, the situation worsened through 2008 as the 
economy continued the downslide. Following year, it became 
precarious and presented a serious threat to the survival of the 
airline. The situation called for further urgent action. Attention 
then turned to trimming cost of human resource, especially pi-
lots, which accounts for a substantial portion of operating cost 
and is invariably a sensitive issue. In fact, the exercise had be-
gun in a discrete manner in September 2008 when some 300 low 
ranking employees were laid off. In the following month, salaries 
of a small group of 50 trainee pilots recruited as First Officers, 

was reduced drastically to a paltry stipend. At that time, Com-
manders and other senior pilots were spared. Vulnerable, the 
trainee pilots were really not in a position to resist this “take it 
or leave it” disposal by the airline management. 

In February this year it came to light that while the airline 
had promoted as many as 21 of the management executives 
to high positions, it had tinkered with the terms of contract 
which had been entered into with senior pilots at the time of 
employment. As a part of the process of merger with Deccan, 
Kingfisher implemented a ‘productivity-linked compensation 
structure’ ostensibly under some sort of compulsion of the new 
Deccan-Kingfisher package structure in which emoluments of 
the original Kingfisher pilots had to be reduced to achieve par-
ity with erstwhile Deccan pilots. In the face of falling demand, 
the total flying hours of the airline had come down by 21 per 
cent with corresponding reduction of monthly flying hours for 

each pilot. Owing to the new link with ‘productivity’, in which 
emoluments were related to the number of flying hours per 
month, from a figure of Rs 4.30 lakh, salaries of senior pilots 
were trimmed by as much as Rs 80,000 per month.

In addition, there has been considerable scaling down of 
some peripheral perks and privileges such as downgrading en-
titlement of hotel accommodation from the luxurious five-star 
to three-star or even guest house accommodation and so on. 
But perhaps, senior pilots were irked not so much with mon-
etary stratagems but with the manner in which their terms 
of employment were altered unilaterally. Pilots have even pe-

titioned the court seeking 
waiver of the mandatory 
six-month notice period 
prior to resigning to join 
another domestic carrier 
on the grounds that the 
airline had failed to fulfill 
contractual obligations. 
Viewed from the airline’s 
point of view, these mea-
sures, unpalatable as they 
may be, were necessary for 
the survival of the airline. 

HARD CHOICES
The second issue that 
could have been a bone of 
contention was modifica-
tion in the procedure for 
First Officers to upgrade 
to Command status on the 
Airbus type of aircraft. Un-
der the new dispensation, 
senior First Officers with 
adequate experience to be 
eligible for Command on 
Airbus—narrow or wide 
body jets—were compul-
sorily required to first go 
through a tenure in Com-
mand on ATR 42 or ATR 
72 turboprop aircraft. The 
requisite downgrade from 

jet to turboprop would have in all likelihood dented their pro-
fessional ego. But the airline had no option if the prohibitively 
expensive 140-odd expatriate Commanders were to be progres-
sively replaced not only under orders of the Ministry of Civil 
Aviation but more importantly to cut cost. 

Global economic crisis has had a debilitating impact on the 
Indian airline industry which has been engaged in a desperate 
struggle to establish a foothold in the erstwhile public sector 
dominated activity. With the rate of growth of passenger traffic 
dropping by 10 per cent in the financial year 2008-09 and eco-
nomic revival not yet in sight, prospects for the industry look 
far from inspiring. For Kingfisher, which commands a market 
share of over 27 per cent and continues as market leader, it is 
time perhaps to shift focus from exclusivity to a business mod-
el that is relatively more austere, sustainable and harmonised 
with the nation’s economic realities. SP

 Between 
April and 
September 
of 2008, 
Kingfisher 
reported  
a loss of  
Rs 641 
crore. In the 
last quarter 
of 2008, 
finances of 
the airline 
were down 
by another 
Rs 626 
crore.
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Tragedy
     at Tenerife

S
UNDAY, MARCH 27, 1977. 
1:15 pm. A terrorist bomb 
explodes at Las Palmas, main 
airport of Canary Islands, an 
autonomous region of Spain 
located in the Atlantic. Eight persons are injured 
and the passenger terminal sustains some dam-

age. Apprehensions of a second bomb prompt authorities to 
close the airport and divert incoming flights to Tenerife, an-
other island in the Canaries, triggering a chain of events that 
climax in the worst aviation accident in history—two Boeing 
747s collide on Tenerife runway killing more people than the 
militants at Las Palmas could ever have imagined.

Pan Am Flight 1736, captained by Victor Grubbs, had taken 
off from New York and was bound for Las Palmas. KLM Flight 
4805, a Boeing 747 charter flight with Jacob Veldhuyzen van 
Zanten in command, had departed Amsterdam for Las Pal-
mas. The Boeings were just two of several aircraft that, fol-
lowing the bomb explosion at Las Palmas, were diverted to 
Los Rodeos, a small regional airport now known as Tenerife 
North. Tenerife had one runway (orientation 12/30) and a 

parallel taxiway, as well as several links con-
necting the two. Since the gigantic airliners 
were parked on the parallel taxiway it was 
unavailable for taxiing. 

Within a few hours of the bombing, Las 
Palmas was reopened to traffic. Since the Pan Am passengers had 
not disembarked, their flight was ready for departure from Tener-
ife. However, their taxi path was blocked by the KLM flight which 
was parked close to the mouth of the runway and was still refu-
elling. Consequently, the KLM became the first in the departure 
sequence. After refuelling, KLM was cleared by Tenerife tower to 
backtrack along the runway, make a 180 degree turn and await 
clearance for departure from Runway 30. Meanwhile, the weather 
began to deteriorate. Heavy fog drifted across the runway, reduc-
ing visibility to 300 m. After three minutes, the Pan Am flight was 
also asked to backtrack along the runway and instructed to clear 
at the third exit to the left and report leaving the runway. How-
ever, the runway exits were unmarked and in the limited visibility, 
the Pan Am crew appeared unsure of their exact location. They 
overshot the third link and were approaching the fourth when 
the collision took place (see sketch).

By Joseph Noronha,  
Goa

PH
O

TO
G

R
AP

H
S

: 
W

W
W

.A
IR

LI
N

ER
S

.N
ET

 The death toll in the horrifying collision between Pan Am Flight 
1736 and KLM Flight 4805 touched a staggering 583 even as  

both the aircraft were completely destroyed 
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Lining up on Runway 30, KLM Captain van Zanten advanced 
the throttles slightly to verify the health of the engines. The co-
pilot advised him that ATC clearance for take-off had not yet 
been obtained. Captain van Zanten responded, “I know that. 
Go ahead, ask.” Then the KLM reported ready for take-off and 
was given departure instructions. The KLM crew repeated the 
instructions and added, “We are now at take-off.” Almost imme-
diately, as later investigation of the timeline showed, the brakes 
were released and KLM 4805 began the take-off roll. Aware that 
Pan Am 1736 was yet to clear the runway, Tenerife tower re-
plied: “OK… stand 
by for take-off, I 
will call you.” This 
critical call coin-
cided with a trans-
mission from Pan 
Am 1736: “No… uh, 
we’re still taxiing 
down the runway.” 
The two trans-
missions jammed 
each other and 
only a shrill noise 
lasting 3.74 seconds was heard by the KLM 
crew. Tenerife tower then asked the Pan Am 
crew to report runway clear, whereupon the 
Pan Am replied: “OK, will report when we’re 
clear.” This alerted the KLM flight engineer 
who asked his captain: “Is he not clear then?” 
After he repeated the question the captain 
answered emphatically: “Oh, yes.”

Seconds later, the KLM crew saw the Pan 
Am Jumbo still on the runway ahead of them. 
Captain van Zanten apparently tried to get 
airborne, but as the speed was low, rotation 
was premature. The tail scraped the runway 
for 20 m. Simultaneously, the horrified Pan 
Am crew turned the aircraft to the left and 
applied full power in a desperate attempt 
to get out of the way. The KLM managed to 
get airborne but as it passed over the Pam 
Am, the undercarriage hit the rear fuselage 
and came crashing down, exploding into a 
fireball. The Pan Am jet also caught fire and 
both planes were completely destroyed. All 
234 passengers and 14 crew aboard the KLM 
plane perished, while 326 passengers and 
nine crew on the Pan Am flight were killed. 
Only 56 passengers and five crew of the Pan 
Am survived. The combined death toll was 
a staggering 583—a figure exceeded only by 
the combined ground and air fatalities of the September 11, 
2001 attacks.

Crash investigators from Spain, the Netherlands and the US 
participated in the inquiry. The Cockpit Voice Recorders, tape 
recordings in the ATC and Flight Data Recorders provided bulk 
of the evidence. A series of misinterpretations and false assump-
tions was soon revealed. In the final minute before the collision, 
key misunderstandings occurred among all the parties involved. 
Most importantly, the KLM captain was apparently convinced 
that he had been cleared for take-off, while Tenerife tower was 

equally certain that the aircraft was awaiting take-off clearance. 
The misperception seems to have arised due to use of non-stan-
dard phraseology. Some exchanges between the tower and the 
two planes were ambiguous at best. A couple of vital transmis-
sions also got jammed. Had they not been, they would have been 
registered by the KLM crew allowing them to abort take-off. The 
Pan Am aircraft was still on the runway because it had missed 
unmarked Link 3 due to very poor visibility. In fact, the control 
tower and the two aircraft were not in visual contact. 

Just as important were the psychological factors. All parties 
involved seemed af-
flicted by “tunnel 
vision”—focussing 
on the immediate 
task while ignoring 
the broader pic-
ture. Both aircraft 
were understand-
ably keen to put the 
unforeseen delay 
behind them and 
the deteriorating 
weather injected a 

sense of urgency. The KLM captain seemed 
in a hurry because he was concerned his 
crew might violate Dutch regulations on 
maximum duty hours. To avoid refuelling at 
the next stop, he took on additional fuel at 
Tenerife which resulted in a longer take-off 
roll besides adding many tonnes of fuel to 
the blaze. Captain van Zanten was the most 
senior KLM pilot and it would not have been 
easy for his junior crew to point out even an 
obvious mistake, as their tentative interjec-
tions seem to suggest. The controller on duty 
was probably overwhelmed by the sudden 
and unexpected increase in traffic and may 
not have been able to remain abreast of the 
rapidly changing situation. From the ATC 
log it appears that the Pan Am captain was 
more alarmed by the fateful KLM “take-off ” 
call than the tower was. Perhaps somewhat 
unfairly, the inquiry laid the blame entirely on 
KLM Captain van Zanten. 

As a consequence of this tragic accident, 
sweeping changes were made to interna-
tional airline operations. Aviation authori-
ties everywhere were seized of the necessity 
of using standard phraseology. Instead of 
acknowledging air traffic instructions with 
a clipped “Roger”, it is now mandatory to 

read back the key parts of the instruction to obviate misper-
ceptions. Controllers and aircrew customarily use the term 
“departure” (as in, “ready for departure”) instead of “take-off ”. 
The specific phrase “take-off ” is used only for the actual take-
off clearance and acknowledgement. Despite the reservations, 
there is far greater emphasis on English as the common work-
ing language for aviation internationally. Cockpit procedures 
have also been improved with more emphasis on decision-
making by mutual agreement. Crew Resource Management is 
now standard training for airline crew. SP

CAUSE: The KLM captain 
was apparently convinced 
that he had been cleared for 
take-off, while Tenerife tower 
was equally certain that the 
aircraft was at the beginning 
of the runway awaiting take-
off clearance. This mispercep-
tion seems to have resulted 
from the use of non-standard 
phraseology during the criti-
cal moments leading up to 
the accident.

EFFECT: Aviation authori-
ties everywhere were seized 
of the necessity of using stan-
dard phraseology. Instead 
of acknowledging air traffic 
instructions with a clipped 
“Roger”, it is now mandatory 
to read back the key parts 
of the instruction to obviate 
misperceptions. 
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ON APRIL 24, CAPTAIN R.N. Joshi, 
pilot of Anil Ambani’s helicopter filed 
a complaint with the Sahar Police Sta-
tion alleging that there was an attempt 

to sabotage the 13-seat Bell 412 helicopter owned 
by the high flying Chairman of the Anil Dhirubhai 
Ambani Group (ADAG) whose net-worth is esti-
mated to exceed $10 billion (Rs 50,000 crore). Am-
bani uses the chopper on Thursdays, Fridays and 
Saturdays to commute to his office at the Reliance 
Communications headquarters in Navi Mumbai. 

The helicopter is registered with Reliance 
Transport & Travel Private Limited (RTT). Air 
Works Indian Engineering Private Limited (AWEPL), a 58-year-
old Maintenance, Repair and Overhaul (MRO) company located 
at Mumbai airport, has been contracted by RTT for the mainte-
nance of the helicopter. AWEPL is engaged in providing mainte-
nance support to both fixed and rotary wing aircraft in the regime 
of General Aviation. 

Afternoon of Thursday, April 23, the aircraft was being put 
through a routine maintenance check at the MRO hangar in 
Kalina, when 47-year-old Bharat Borge, a senior technician of 
AWEPL, observed that the cap of the gear box oil tank was not 
properly fitted. While refitting the cap, Borge noticed mud in the 
filler neck. Further inspection revealed that the oil in the tank was 
in fact contaminated with mud, gravel and even pebbles. Am-
bani, together with nine executives of Reliance Infocomm, was 
scheduled to fly in the twin engine Bell 412 from Mumbai to Navi 
Mumbai the next day. Albeit a short flight lasting just about 15 
minutes, contamination of the gear box oil could well have led 
to serious malfunction of the gear box in flight, with disastrous 
consequences for the helicopter and its occupants. 

Only four persons had authorised access to Ambani’s work-
horse, and Borge was one of them. He lodged the first formal com-
plaint with the Santa Cruz Airport police station on the evening 
of April 23 after the alarming discovery of the attempt at sabo-
tage. Soon, innumerable theories alluding to the motive started 
emanating from different quarters. While ADAG saw a wider con-
spiracy and an attempt by rivals to eliminate the 49-year-old head 
of a multi-national business empire, hypotheses by the police 

ranged from mere mischief by ordinary miscre-
ants to an attempt to discredit the management 
of Air Works by the staff in the on-going internal 
dispute. 

However, the fact that only one out of the 
eight helicopters parked at the hangar had been 
tampered with indicates that Ambani was pos-
sibly the target. Besides, the simple methodology 
employed suggests that the culprits were techno-
logically knowledgeable about helicopters, imple-
menting an effortless plan that provided a very 
high probability of bringing down the machine 
in the next flight. The only piece of evidence that 

militates against this belief is that the miscreants did not replace 
the cap and restore the seal, which a seasoned saboteur would 
surely have done. As such this could be the handiwork of ama-
teurs, suggesting the possibility of involvement of the less experi-
enced staff. There was also a possibility that the helicopter could 
have come down while flying without passengers to position at 
the Mahalaxmi Helipad for Ambani and party to board. In which 
case, the VIP passenger might not have been affected. 

Meanwhile, Borge’s sudden death under highly mysteri-
ous circumstances has turned the situation murkier. Suicide 
or murder—whatever be the case, the episode will only add an 
unpleasant chapter to AWEPL’s troubles. Dealing a blow to the 
reputation of AWEPL, the attempt at sabotage reveals glaring 
institutional weaknesses in the area of safety in maintenance 
procedures and the lack of stringent checks and balances. While 
the role played by Borge in preventing the disaster needs to be 
lauded, and the AWEPL can take credit for preventing the disas-
ter, the discovery of the misdeed was merely a matter of chance. 
The contamination could well have gone unnoticed with the 
flight ending in a tragedy. The incident has undoubtedly galva-
nised the management of AWEPL into action and a host of mea-
sures have been initiated to ensure that there is no recurrence. 
The silver lining in the dark cloud is clearly the fact that finally 
attention is now focused on the critical importance of mainte-
nance safety far behind the flight line. SP

—By B.K. Pandey, Bangalore
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MAINTENANCE IN FOCUS

 Attempt to sabotage Anil Ambani’s 
helicopter highlights the critical 
importance of maintenance safety 

far behind the flight line 

Finally...
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