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FOREWORD

The journey of Singapore’s Defence
Technology Community (DTC) parallels
that of the Singapore Armed Forces (SAF)
— indeed both were co-dependent and
iterative  processes which fed off
each other’s success. Pioneers in both
communities recognised very early on the
stark limitations of a small island with no
geographical depth and limited manpower.
But despite this realisation, they were
undaunted and shared a common resolve
to mitigate Singapore’s vulnerabilities
and constraints, and build a credible SAF
through sheer will, commitment and the
harnessing of the powers of technology. In
Dr Goh Keng Swee’s words, “we have to
supplement the SAF’s manpower with new
technology, as manpower constraints will
always be there. Our dependency should
be more on technology than manpower.
And we must develop indigenously that
technological edge” As worthy and
important as these ideals were, it was an
arduous journey for the DTC. With poor
standards of general education, let alone
engineers or scientists, how could Singapore
develop such capabilities?

This book series chronicles the last 50 years
of that ascent that begun in 1966. The DTC
has indeed come a long way from its humble
beginnings and with it, a transformation
of the SAF’s capabilities. Today, both
the SAF and the DTC are respected
professional bodies and the requests from
advanced economies to collaborate reflect
the standards which we have achieved.
Our closely-knit community of defence
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engineers and scientists stands at the frontier
of technological progress. Indeed the DTC is
the secret-edge weapon of the SAF.

As the DTC celebrates its 50" anniversary,
we want to thank especially its pioneers
who were committed to achieve the
unthinkable and were not daunted by severe
challenges along the way. Their efforts and
beliefs have spawned world class agencies
such as DSTA and DSO, and the family of
Singapore Technologies (ST) companies.

More hearteningly, the virtuous effects
extend into mainstream society too.
Today the defence cluster of DSTA, DSO,
MINDEF, the SAF and ST employs the
largest proportion of scientists and engineers
in Singapore — almost one in every 12! It
is not an overstatement that these entities
have been the main receptacles to maintain
the science and technology capabilities in
our nation, providing life-long careers in the
process.

Beyond defence, the DTC has also positively
impacted our society in a variety of ways: in
producing mass thermal scanners to combat
the 2003 SARS outbreak, in designing and
building the iconic Marina Bay Floating
Platform tohostthe National Day Parades and
sports events, in breaking new ground and
old mindsets when we built the underground
storage for munitions, in forming the nucleus
to start the MRO (maintenance, repair and
overhaul) industries to service airlines in
Singapore and globally.
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The stories that are told in this book series
should lift the spirits of Singaporeans, old
and young. They celebrate what pioneers
and successive generations of committed
scientists and engineers have accomplished
over the years. But they also give hope to our
future, as they will serve as reminders during
difficult times to overcome challenges and
continue to keep Singapore safe and secure
for many years to come.

LA

Dr Ng Eng Hen
Minister for Defence
Singapore
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The Defence Technology Community (DTC)
has steadily evolved over the last 50 years. We
started off as a small, three-man technical
department in the Logistics Division in 1966
supporting defence equipment procurement
and there was much work to be done. The
Army then was largely equipped with
second-hand vehicles and surplus equipment
left by the British. The Republic of
Singapore Navy (RSN) had two boats, one
steel and the other wooden. Recognising the
need to overcome the immutable challenges
of geography and resource constraints
facing Singapore, we extended our scope to
include conceptualisation, development and
upgrade of defence systems. These efforts
leverage the force multiplying effects of
technology to meet the unique challenges
and operational requirements of the Singapore
Armed Forces (SAF), beyond what could be
had buying off-the-shelf.

This four-book “Engineering Singapore’s
Defence — The Early Years” series covers the
entire spectrum of the DTC’s work in the
land, air and sea domains to deliver cutting-
edge technological capabilities to the SAF.
It chronicles our 50-year journey and
documents the largely unheard stories of
our people — their challenges, struggles and
triumphs, their resolve and ingenuity, and
their persistence in overcoming the odds.
These stories include:

® The upgrading of the French-made
AMX-13 light tank to the AMX-13 SM1
configuration by the DTC, the Army and
ST Engineering, laying the foundation for
the design, engineering and production of
the Bionix, Bronco and Terrex armoured
fighting vehicles for the Army.

AVIATION ENGINEERING

* The integration of the RSN’s missile
gunboats and missile corvettes which
built up the DTC’s confidence to move
on to specify and acquire best of breed
systems to integrate into new ships like
the frigates. It also laid the foundations
for ST Engineering’s capabilities to design
and build ships for the RSN and some
other navies.

® The conversion of old US Navy’s A-4
Skyhawk aircraft into the A-4SU Super
Skyhawk for the Republic of Singapore
Air Force, building up ST Engineering’s
capabilities to undertake further aircraft
upgrades such as for the F-5E Tiger fighter
aircraft, and to undertake servicing and
repair of commercial aircraft.

® The system-of-systems integration
efforts to evolve the island air defence
system, building on legacy systems left
by the British to seamlessly incorporate
new weapons, sensors, and indigenously
developed command and control systems
to extend the range and coverage of
Singapore’s air defence umbrella, and
the build-up of the DTC as a system-of-
systems to deliver cutting-edge capabilities
and systems to the SAF, and to meet the
technology requirements of the nation.

While not exhaustive, these stories provide
us with a glimpse of the “dare-to-do” and
enterprising spirit that our DTC personnel
and forerunners possess.

There is no end to change and transformation.
Singapore and the SAF will continue to face
many challenges in the years ahead. However,
with the capabilities and expertise developed
over the years in its more than 5,000-strong
personnel, and its established linkages with
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renowned R&D partners locally and around
the world, I am confident that the DTC will
remain steadfast in delivering the critical
technologies and innovative solutions for
the SAF and the nation. May the stories in
these books inspire our current and future
defence engineers and scientists to continue
to push boundaries and think creatively to
deliver capabilities that will safeguard our
sovereignty for the years to come.

ﬁ(ﬂmk—uw

Mr Ng Chee Khern
Permanent Secretary (Defence Development)
Ministry of Defence, Singapore



PREFACE

What this book is not. This book is not a
history book per se. It will not go into detail
just for historical accuracy and the coverage
will not be to present information from a
time domain consideration. The information
included only relates to the issues covered.

This book captures and shares with the
readers the experiences that led to the build-
up of aviation engineering capabilities in two
Singapore organisations which are important
parts of Singapore’s collective history in
celebration of Singapore’s 50 Anniversary
in 2015, and the Defence Technology
Community’s (DTC) 50" Anniversary in 2016.
The two organisations are the Republic of
Singapore Air Force (RSAF) and ST Aerospace.

This book is a combined effort by a team of
people who were personally involved with
the experiences shared herein over much of
the period covered by it. Some are still very

actively involved in the two organisations
mentioned! Their valuable support to make
the book possible is recognised and deeply
appreciated.

Aviation has always been important
to Singapore.

As an island state, air connection with the
world is important for the efficient and rapid
transportation of people and high-value goods.
Recognising this, Singapore has focused much
attention on aviation, aviation infrastructures
and aviation industries to ensure they remain a
competitive segment of Singapore’s economy.
As aleading air transportation hub, Singapore
has more direct flight connections to countries
in Asia and beyond than most other countries.

Defence has always been a priority to
Singapore. It assures not only Singapore’s
survival from military threats but also
its economic viability to investors. One
important dimension of defence of Singapore
is the Singapore Armed Forces (SAF). Speed,
flexibility and immediacy of response is
important for the armed forces of a small
nation like Singapore. Having a capable air
force is key to this. In the formative years
of the build-up of Singapore, the interest in
aviation manifested itself through national
defence and air transportation. Two
institutions of Singapore that resulted were
the RSAF and Singapore Airlines (SIA). Today,
the RSAF is a leading air force, amongst
air forces globally, and SIA has attained a
recognised leadership position and image
amongst airlines internationally.

Over the years, another dimension of aviation,
the aviation industry of Singapore, has also
grown to become an important component
of Singapore's economy and of the global
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aviation maintenance, repair and overhaul
(MRO) industry.

From an economic point of view, the aviation
segment has experienced a compounded annual
growth rate (CAGR) of about 8.6% over the
last 20 years. It provides employment for
some 19,500 people and contributed a total
annual output of S$8.3 billion to Singapore’s
economy with a value-add of S$3 billion in
2014 (according to the Singapore Economic
Development Board. This value excludes airline
operations cost, military aviation expenditure,
and airports operating and fuel cost).
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This aviation segment of the industry has
traditionally been focused on MRO. Its
significance is reflected in that Singapore
currently has some 25% of the MRO business
in Asia-Pacific. This includes the MRO
business of major local companies such as
ST Aerospace and SIA Engineering Company;,
many of the leading global commercial aviation
original equipment manufacturers (OEMs)
with significant operations in Singapore,
and other aviation MRO and engineering
companies. 90% of the aviation business in
Singapore is currently in MRO with 10% in
manufacturing.



In recent years, emphasis has been placed
on expanding the scope of this segment of
business to new products development and
high value-add manufacturing. Some of the
more visible illustrations of this outcome
were the opening of the Rolls-Royce plant
in Seletar Airport during the 2012 Singapore
Airshow, which assembles the Trent 900,
Trent 1000 and Trent XWB engines as well
as produces the Trent Wide Chord Fan Blade.
This was followed in the 2016 Singapore
Airshow by Pratt and Whitney’s launch
of its manufacturing facility for its Geared
Turbo Fan parts such as Hybrid Aluminium
Fan blades and the High Pressure Turbine
Disks. These not only add to the high
value-add manufacturing segment of the
economy but also the diversification in the
aviation manufacturing segment. From an
overall perspective, the hope is to achieve a
more balanced MRO versus manufacturing
portfolio without diluting the MRO market
share in the coming years.

Focus of this Book

In the Singapore context, aviation engineering
covers a very broad scope which includes
defence and commercial aviation engineering
(each includes development engineering),
manufacturing and MRO engineering, and
research in aviation engineering.

This book focuses on the build-up of aviation
engineering experience and capabilities in two
organisations, the RSAF and ST Aerospace.
The growth of engineering capabilities in these
organisations share a common origin and,
while they continue to share joint interests
in areas relating to aviation engineering
for defence, ST Aerospace has, in addition,
significant interest in commercial aviation
engineering. Their scope of engineering work
is broad, and covers important sub-sets of the
aviation engineering activities in Singapore.

Through this book, we hope to capture and
share with all Singaporeans some important

and interesting aspects on the development
of these two Singapore organisations; the
experience they went through and how
they evolved to what they are today. These
include stories of the aviation engineering
group behind the RSAF, a leading and
well-respected air force globally and, the
other, a commercial aviation maintenance
and engineering company from Singapore
with global reach and significance in the
commercial aviation world, which started
as the aviation depot for the RSAF and has a
continuing responsibility and commitment
to support Singapore's defence needs.

The aviation engineering work of these two
organisations covers engineering in support
of MRO: upgrading of aircraft, engines
and components; engineering design and
development work for upgrade of aircraft;
programme management; system acquisition;
new products development and applied
research for both commercial and military
aviation.

Military Aviation Engineering

This write-up on the build-up of military
aviation engineering expertise in Singapore
will focus on the period from 1972. Although
Singapore became an independent nation
in 1965 and the RSAF started off as the
Singapore Air Defence Command (SADC)
in 1968, it was only in 1972 that the RSAF
assumed responsibility for its own military
aviation engineering with the formation of an
Air Engineering Department in HQ SADC.

The set-up of the local military aviation
industry to support the RSAF was an integral
part of the masterplan to ensure that the RSAF
would be well supported not only through its
internal logistics and engineering capabilities,
but also by a complementary defence industry
operating on strictly commercial business
lines. ST Aerospace started out in 1975 as
the aviation depot for the SADC’s first fighter
jet, the Hawker Hunters, and subsequently
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undertook the refurbishment and upgrading
of the A-4 Skyhawk aircraft during its early
days to support the growth of the RSAF.

As the RSAF evolved from its early years'
focus on training of pilots and build-up of
enabling capabilities to build up an operational
air force, the demands of support from its
industry partner, ST Aerospace, increased.
Besides undertaking more complex MRO, ST
Aerospace stepped up to the requirements of
the RSAF for advanced military technologies
and engineering capabilities to upgrade its
fleet of aircraft over the years.

Starting with its first major engineering
undertaking, the upgrade of the RSAF's
old Skyhawk fleet to the A-4SU Super
Skyhawk, ST Aerospace grew its engineering
capabilities to become a full-spectrum
aviation engineering company over the last
40 years, with both engineering hardware and
software competencies. Despite the A-4SU
being the first major upgrade programme for
Singapore, and a very significant one in scope
and complexity, the upgrade was a resounding
success through the efforts, initiatives and
capabilities of the engineering team.

Through this and many other subsequent
upgrade programmes on various RSAF’s
aircraft platforms to meet new mission
requirements, many engineering skills
and capabilities were built up in the RSAF
and ST Aerospace. Besides delivering cost-
effective solutions to meet Singapore's
defence requirements over the years, the
engineering knowledge and experience gained
by its engineers have been also useful and
necessary to support new aircraft acquisition
programmes for the RSAF and through-life
support of the upgraded aircraft.

This successful outcome was achieved
through the partnership between the
defence engineers in the RSAF, the Defence
Science and Technology Agency (DSTA), the
DSO National Laboratories (DSO) and ST
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Aerospace. Under this partnership, engineers
played complementary roles to provide the
skill sets and capabilities needed to support
the RSAF’s fleets of aircraft efficiently and
cost effectively through their life cycles. This
capability provides one of the pinions that
enabled the RSAF to become a leading air
force.

Commercial Aviation Engineering

Meanwhile, in the late 1980s, the possibility
for growth into commercial aviation MRO
surfaced. In 1982 the “aviation companies” of
the Sheng-Li group of companies, under the
name “Singapore Aerospace” was listed in
the Stock Exchange of Singapore. Following
the listing, it leveraged its aviation MRO
capabilities to support regional air forces.
In the late 1980s it ventured further into
commercial aircraft maintenance with the
set-up of wholly commercial MRO companies
in Singapore and overseas.

In 1997 Sheng-Li decided to delist four listed
defence-related companies undertaking
aviation, electronics, automotives and
shipbuilding engineering in its group and
re-list them as ST Engineering on 28® August
1997 as each was, on its own, deemed too
small and might benefit from leveraging
as a group. The aviation company of ST
Engineering is ST Aerospace.

In addition to its support of the RSAF, ST
Aerospace grew rapidly from 2000 and
expanded its network of companies in
Singapore and globally to the US, Europe
and China. Its commercial airframe business
became recognised as the largest commercial
aircraft MRO group in the world in a survey
by Aviation Week & Space Technology in
2002, just 12 years after it started commercial
aircraft MRO, and has remained so ever since.

ST Aerospace also grew its components and
engines business on the back of its Power-by-
the-Hour (PBH) programmes, which was one



of the early pioneers of this business concept
in the early 1990s. And, in recognition of the
emerging significance of low-cost carriers
(LCCs), it built up business models, including
Total Aviation Support, to address the
requirements of LCCs. Beyond its recognised
lead position in commercial aviation MRO for
legacy and freight airlines, it is also a major
player in the Low Cost Carrier (LCC) market.

Leveraging its military aviation engineering
capabilities, it went into commercial aviation
work which has more engineering contents,
starting with the Section 41 Termination work
on the Boeing -747 -200/300 and Passenger-
to-Freighter (PTF) conversion. It established
a strong reputation for good performance in
the commercial aviation industry through
these two major early initiatives. Following
this it went into engineering design and
development of PTF for the B757, and now
the Airbus A330.

Engineers and engineering capabilities enabled
the Singapore Ministry of Defence (MINDEEF),
the RSAF and ST Aerospace to achieve many
successful outcomes on both its military and
commercial aviation engineering initiatives.
This contributed to the RSAF becoming a
leading air force and ST Aerospace becoming
a global aviation services company within a
short span of 40 years.

Chapter 1 will share the beginnings of this
journey. Chapter 2 elaborates on the early
initiative of the RSAF and ST Aerospace into
MRO and engineering work, and Chapter 3
on some of the major milestones that were
achieved over the years in military aircraft
upgrading, in acquiring capabilities on
surveillance, rotary and unmanned aircraft,
and going into commercial aviation MRO and
engineering development work. As a result
of the work undertaken, many capabilities
were acquired and developed, and some of
these are detailed in Chapter 4 titled Processes
and Products — Processes as in capabilities
that could be leveraged and applied on future

engineering and maintenance undertakings
and Products as in delivered end products
like an aircraft component such as a mission
computer or part of an aircraft like the EC-
120 and even an aircraft, albeit unmanned.

From where they were in the early days
of Singapore, the efforts of engineers have
enabled the build-up of capabilities in both
military and commercial aviation engineering
to support the operations of the RSAF and ST
Aerospace today. The book will endeavour to
capture the challenges that were overcome
in the journey of both organisations over
the years.

What the future holds is anybody's guess.
However, while both the RSAF and ST
Aerospace are in better positions than where
they were in the early days, the challenge
may be steeper in the years to come because
of the naturally higher expectations and
more demanding external environment. The
outcomes that have been achieved are results
of the efforts and contributions of engineers
and other stakeholders of the RSAF and ST
Aerospace during this period. Hopefully this
book will encourage future engineers to strive
to do even better in the years to come.

A

Mr Tay Kok Khiang

Editor, Aviation Engineering
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Chapter One
WHERE WE WERE

Section 1.1
How it all started

As summarised in the preface, this book is
about the journey of two organisations in
Singapore, the Republic of Singapore Air
Force (RSAF) and ST Aerospace, as they went
about building their aviation engineering
capabilities over the last 40-plus years.
Today, these capabilities support a leading
air force and are the basis of a leading global
independent commercial aviation engineering
and maintenance, repair and overhaul (MRO)
company.

Chapter 1, "Where we were" is to provide
some historical perspective of the two
organisations. In this first section, titled "How
it all started?", the objective is to share with
the reader some snapshots of the origin of
the two organisations.

This book is not intended to be a history
book; the snapshots are to provide some
context for the following chapters of this
book. For those interested in a fuller historical
documentation of the different aspects of
these two organisations, there are various
books and reports written over the years
which might give a more detailed treatment.

The Republic of Singapore Air Force

When Singapore became an independent
nation on 9% August 1965, it was immediately
evident to the Government there was a need
to quickly build up the Singapore Armed
Forces (SAF) as the ability to defend itself was
integral to Singapore's survival and future as a
nation. The British Government had already
announced the withdrawal of its troops east
of the Suez by the "mid-seventies". As a result

of deteriorating economic conditions back in
the United Kingdom (UK), the British Labour
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Government announced on January 1968 that
the withdrawal would be brought forward to
end 1971. The air component of the SAF, the
Singapore Air Defence Command (SADC),
was set up on 1 September 1968, three years
after Singapore gained independence.

The SADC formed its first flying squadron,
150 Squadron, in 1969 with the delivery of
eight Cessna 172Ks propeller driven trainer
aircraft. In the same year, 130 Squadron was
formed with the arrival of 16 Strikemaster jet
training aircraft. Both 130 and 150 Squadrons
were assigned under Flying Training School
(FTS) and initially operated from the Royal Air
Force’s (RAF) airbase at Tengah (RAF Tengah)
but later moved to RAF Changi following
the arrival of the SADC's first Hunter fighter
aircraft at RAF Tengah. In the same year, 120
Squadron was formed with the delivery of
eight Alouette III helicopters at RAF Seletar.
In the build-up years, the maintenance of
these aircraft was contracted to Hawker
de Havilland (Australia). The SADC's local
technicians were part of the composite work
force that worked on the fleet to gain hands-
on experience.

The RAF handed over RAF Seletar to
Singapore on 16% April 1969. This was
followed by the handover of the radar station
at Bukit Gombak, HMS Simbang (naval base
at Sembawang) and RAF Changi. The RAF’s
final parade to hand over RAF Tengah to the
SADC was held on 15 September 1971.

b ’-r}'r

The RAF’s final handover parade at
Tengah Air Base in 1971



' Chapter 1 WHERE WE WERE

Thus, the SADC became fully responsible for
its own operations, including maintenance
support of the aviation assets that it took over
from the RAF. Besides its training aircraft and
helicopters, these included the surveillance
radar at Bukit Gombak, the Bloodhound
surface-to-air missile at Seletar and the initial
Hawker Hunter fighter aircraft at Tengah.

The Air Engineering Department of the
SADC was formed in 1972 and this was the
start of military aviation engineering and
maintenance in independent Singapore.

As Singapore developed and the demands on
the SAF for Singapore's defence increased, the
SAF grew to meet the challenge. In 1975 the
SADC was renamed the Republic of Singapore
Air Force (RSAF) to reflect its emergence as
an air force.

In the early years, the operations of the SADC
comprised:

Changi Air Base

Changi Air Base started with the operations
of the SF 260 Marchetti (which replaced the
Cessna 172Ks), the Strikemaster training
aircraft, the Alouette III helicopters, and
later added the Skyvan and C-130B Hercules

transport aircraft.

Changi Air Base was the training, transport
and helicopter base.

Strikemaster fleet on line in Changi Air Base

Tengah Air Base

Tengah Air Base operated the Hunter fighter
aircraft fleet, the first air defence and ground
attack aircraft of the RSAF. A few years later
the Skyhawk fleet which was initially being
built up in Changi Air Base was transferred
to Tengah Air Base.

Hunter aircraft towed into hangar
at Tengah Air Base

Tengah was the fighter aircraft base. It was
the only operational airbase then with both
the main fighter fleets of Hunter and Skyhawk
aircraft operating from it.

Bukit Gombak

Bukit Gombak housed the air surveillance
radars. With the handover from the RAF in
August 1971, it was renamed Air Defence
Radar Unit (ADRU). ADRU operated the
Marconi long-range search radars, the S316L/S
and the S319L, and two HF 200 Height Finders.
Later came the TPS 43 radar.

-

Marconi S316 and Plessey HF 200 radars
on Bukit Gombak
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AN/TPS 43DX, the RSAF’s first 3D radar

ADRU provided air surveillance and controlled
the Bloodhound air defence missiles in Seletar.

Manpower Resources, Engineering
Manpower

The suddenness of the British pull-out caught
Singapore by surprise. The SADC was in its
very early days and by 1971 it had only a
smattering of engineering manpower, thinly
spread throughout its operations. Many of its
technical manpower were still under training
overseas or had just returned from training.

As mentioned, the SADC's Air Engineering
Department was formed only in 1972. Up
till the handover by the RAF, the whole
engineering responsibility was undertaken

by the RAF with British officers and SNCOs
(senior non-commissioned officers).

People Then

Just to give a feel on the dependence on
“expatriate” management then, in Tengah Air
Base all the Engineering Units, even the General
Workshop, were managed by expatriate SNCOs.
Real control of operations at each work centre
was under the RAF “Flight Warrant Officer”
for that work centre, which operated under the
RAF’s concept of operations.

Singaporean officers were hard to come by.

AVIATION ENGINEERING

Chapter 1 WHERE WE WERE

In a typical operating base under the RAF
managed airbases, the command structure
and manning was British officers at the
Wing and Squadron levels, and Singaporean
engineers (where available) at the Flight
level. At the Flight level, the SNCOs were
from the UK (seconded from the RAF or ex-
RAF servicemen on contract) and the junior
ranks from the SAF Technical School which
trained Singaporean technicians. In the early
1970s, polytechnic graduates and those from
technical schools were also first enlisted as
full-time National Servicemen (NSFs) aircraft
technicians. Quite a sandwich!

Build Up of Engineer Workforce

As mentioned, the engineering organisation
of the RSAF started with the Air Engineering
Department of the SADC in 1972. It was
responsible for engineering and maintenance
matters pertaining to aircraft and other
weapon systems operated by the SADC, the
“Air Wing” of the SAF. The first Head of Air
Engineering was from an airline as there was
no aviation expertise within the armed forces.

Up to 1968 some of the early engineers who
later served in the SADC had joined the
Ministry of Interior and Defence, Logistics
Division first. They came in as army officers.
They were later transferred to the SADC,
which was formed only in 1968. Others were
recruited directly into the SADC.

Some engineers from the initial cadre were
sent to the UK for the one-year graduate
level Applied Engineering (Mechanical) and
Applied Engineering (Electrical) courses at
the Royal Air Force College in RAF Cranwell.
This was to equip the new engineers to
undertake engineering duties upon their
return to the SADC. Unlike this pioneer
batch, later batches of engineers were put on
the job soon after they were recruited and thus
had to learn on the job. The SADC could no
longer afford the luxury of lengthy structured
training programmes overseas as there was a
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pressing demand for engineers to be deployed
as quickly as they were recruited in view of
the announced withdrawal of the RAF.

Thereafter, the exceptions were the small
number of engineers who were sent together
with technicians overseas for specific aircraft
trade specialisation courses (known as “type
courses”) whenever a new aircraft type was
acquired. Most of the technical personnel
would return to serve in the field, in the
airbases and squadrons, but some of the
experienced officers (largely technical officers)
and technicians were deployed to staff the
newly established Air Engineering Training
Institute which was inaugurated in November
1972 in recognition of the need to ramp up
the number of technicians trained because of

the planned expansion of the RSAF.

In 1972, the RSAF inducted its hitherto
single largest group of 14 military engineers,
fresh after graduating from the University of
Singapore. Most were born in 1949. National
Service (NS) was approved by Parliament in
1967 and those who were born in 1949 were
18 years old and due to be inducted for NS
in 1967. However they were (according to
the policies then) allowed deferment from
conscription to go to university first. They
were deployed to the units on operational
appointments although some were on

staff appointments at the Air Engineering
Department, HQ RSAF.

Between 1972 and 1976, more engineering
graduates in small numbers each year were
recruited from the University of Singapore
and overseas universities, as well as a small
number of returned Colombo Plan scholars
who were deployed to the RSAF by the
Public Service Commission (PSC), the agency
that managed government scholarships.
The make-up of the engineers was largely
from mechanical, electrical and electronic
engineering disciplines with the occasional
aeronautical engineers which was not
common in those days. The concerted push

to build up the number of engineers (and
technical officers), albeit at modest levels then,
and engineering capabilities continued.

So, how was engineering learnt/practised?

Mostly from real-time experiences in
operating the fleet of aircraft and air assets
in operations then.

MRO experience was gained through solving
problems, faced in operations of the aircraft
and equipment, on a real-time basis, as and
when they occurred! Complex technical
problems there would always be in operating
any fleet of aircraft, even today. In the case of
the SADC, there was another complication
from operating used (pre-owned) aircraft and
equipment. Singapore was a new nation then
and while building up a defence capability
was important, the national economy was
in its very early days and affordability was
an important consideration in the selection of
aircraft and equipment types for the SADC.

So, in addition to the normal problems
associated with operating any fleet of
aircraft or weapon system, there were many
situations where the lack of manufacturers
support, unavailability of engineering and
maintenance data, low level of knowledge due
to the very inexperienced staff, and ageing
equipment problems further complicated the
problems faced by the early engineers.

In several of the situations, with the old aircraft
came inherent problems for which the aircraft
were "retired" and the RSAF had to “re-learn”
lessons on these inherited problems (some
examples on this aspect will be illustrated in
later parts of this book) after the introduction
of the assets into service and find solutions
which the previous owners had left unsolved
or could not find good solutions for.

Opportunities for learning and building up of

engineering experience were, however, very
rich as a result.
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Standards and Control, Strive for Excellence

The build-up of an air engineering organisation
in MRO is not just about building engineering
capabilities to recover the assets when they
break down. Nor is it just about building
up the requisite number of engineers. In
the case of aviation MRO, especially, there
are some things then and today which
have not changed, and that is the culture of
maintaining high standards through rigorous
control of all maintenance activities. The
RSAF understood that and continued to build
on this requirement over the years.

The need for higher standards and controls
is integral to aviation, both military and
commercial. Serious failures in aviation could
likely be catastrophic and are usually highly
profiled! This naturally led to a requirement
for tighter controls, a culture of compliance and
adherence to higher standards. This covers the
whole gamut from training, qualification and
certification of people approved to work on
aircraft and associated equipment; controls on
suppliers and parts purchased; design, testing and
certification of the aircraft and its components;
and documentation and traceability. Compliance
is expected and mandatory.

While compliance has always been a
requirement, it is not sufficient by itself. To
really do well, the organisation in aviation
MRO has to strive to excel in each of
the matters that affects the quality of its
work. This is in view that the weakest link
determines the strength of the chain.

For both military and commercial aviation,
all servicing and repairs have to be strictly
in compliance with the requirements of the
relevant national aviation authorities(NA As).
The NAA for military aviation are the Air
Force itself and the aircraft and equipment
manufacturers or whatis commonly designated
as the "Original Equipment Manufacturers"
(OEMs). For commercial aviation the
authorities are the civil aviation authorities
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(CAAs) and the OEMs (who themselves have
to meet the CAA’s requirements). Deviations
from the requirements, like the very tight
tolerances called for in the maintenance
manuals, have to be formally “approved” by
the OEM of the equipment and the military
or civil aviation authority concerned.

The repairable limits in the manufacturer’s
approved structural repair manuals are very
tight and many repairs cannot be done due
to these tight limits. Defects above allowable
repair limits have to be relayed to the OEM
for recommendations. This is still the practice
for civil aviation today. For the RSAF, the
approving authority is HQ RSAF. However, in
the early days HQ RSAF did not have the right
level of manning by experienced personnel
to discharge this responsibility and had to
depend more on external inputs.

There were advisors and consultants aplenty
who had worked with the RSAF and ST
Aerospace over the years. They were
experienced, capable and highly-committed
people within the scope of their specialisations
and had contributed to the build-up. But these
advisors and consultants could not undertake
the responsibility meant for the leaders of
the organisation. The organisation had to
develop its own capabilities to make major
and critical decisions.

In the early days, the RSAF quickly learnt
that depending on the OEMs to come up
with a repair above the repair limits in the
Technical Manual was not the solution
as it took too much time, time which the
RSAF could not afford as it had training and
operations to conduct and limited assets to
depend on. To improve on the lead time to
a decision, following the induction of more
graduate engineers and the gradual build-up
of experience, repairs above Technical Manual
limits were proposed by the RSAF engineers
and sent to the OEMs for endorsement instead
of asking them for solutions as was previously
done. Such initiatives of the engineers got
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much faster responses from the manufacturers.

It was also more meaningful to the young
engineers then as this was the opportunity to
put their engineering education into practice.
Most of the repair schemes proposed were
approved by the OEMs, sometimes with
slight modifications or suggestions. The only
problem was that much of the learning had
to be self-taught through interpreting the
Technical Manuals and exercising one's best
engineering judgement.

Air Engineering Department in HQ SADC
was also in the build-up stage. As such, it
was not well-manned and lacked experienced
engineers to deal with engineering problems.
The engineering manpower resources then
were "fairly distributed" between HQ and
operating units. The engineers available at
HQ were also more focused on overall policy
matters and longer term matters affecting the
build-up of the SADC, including provisioning
and purchasing of materials. As a result,
engineers in the field had plenty of autonomy.

Needless to say, the number of engineers and
experience level have increased significantly
since the 1980s, especially following the
period known as the “A-4 Crisis” in 1985
(see Section 3.1). But this was how it was at
the beginning.

Quality Assurance

Quality is always of paramount importance
for aviation as it has always been for the RSAF
in the early days and for the SADC then.
However in the early days, the primary focus
was on conduct of training operations, and,
quality assurance started as an assurance
against discontinuation of flying.

The quality function was exercised through
the Quality Assurance (QA) Branch in HQ
SADC. Its focus was primarily to follow up
on special investigations on serious defects,
in relation to aircraft and weapon systems

incidents and accidents, especially those with
safety implications. In a sense it acted as an
independent advisor to HQ SADC, providing
a second opinion on adequacy of actions
recommended by or decided at the airbases.

When QA was started, it was led by an
expatriate officer (a Captain) on contract to the
SADC and four expatriate staff from Airworks
Services. In 1975, SADC technicians were
posted in to replace the Airworks Services
expatriate staff. A Singaporean engineer
(of about the same experience as the batch
of 14 engineers mentioned earlier in this
chapter) took over as the SADC's Head of
Quality Assurance. QA then became a wholly
Singaporean responsibility.

Amongst its functions, QA was responsible for
assessing and endorsing "Technical Orders"
issued by the air bases. Such Technical Orders
were issued to undertake special maintenance
actions in response to problems experienced
during operations. QA would follow up on
these and convert those that it endorsed to
Special Technical Instructions (STIs, for one
time compliance) or Servicing Instructions
(SIs, for periodic compliance).

QA also provided engineering direction
on matters that was not part of the regular
activities of aircraft maintenance. One such
area was quality of aviation fuel which was
not a specific field of knowledge for technical
personnel trained to maintain aircraft.

In 1978, Air Engineering Department decided
it was necessary to exercise more control
of the increasing level of engineering and
maintenance activities in the field as the
fleet of aircraft and flying operations were
growing rapidly. Decisions on engineering
policies and major engineering decisions
were then centralised and controlled through
QA in HQ RSAEF. (Before that, controls of
engineering matters were largely left with the
airbases.) This control of engineering policies
and practices from HQ was also formalised
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through the issue of the Air Force’s "Air
Engineering Staff Instructions".

At a later stage, as HQ RSAF was more
developed and engineering branches were
set up in HQ RSAF, the roles of QA and the
Engineering and Systems Branches of Air
Engineering Department were rationalised.
QA then reverted to its assurance role.

Learning from Others

Over the years, the Air Force has always been
willing to learn from other more established
air forces. From an air engineering perspective,
in the initial years most of the learning
was from the RAF. This was followed by a
period when the Republic of China Air Force
(ROCAF) provided the lead. There were also
various periods which saw senior seconded
personnel from the US Navy (USN), the US
Air Force (USAF), the Royal Australian Air
Force (RAAF), the Royal New Zealand Air
Force (RNZAF) and the Israeli Air Force
serving as exchange officers or advisors in
the Air Force.

In the initial years, the SADC was organised
and operated according to the RAF’s practices
due to the extensive influence of the RAF in
the RSAF's formative years. Almost all its
aircraft and weapon systems were then of
British origin.

As the RSAF grew, the fleet was expanded to
meet the growing need for more and different
aircraft types to meet its evolving operational
needs whilst keeping costs affordable. To the
jet trainer fleet of Strikemasters was added the
American-made T-33 trainers. The helicopter
fleet was expanded with the Bell 212 and UH-
1Hs. The Skyvan light transport aircraft was
joined by the much larger and more versatile
used C-180B Hercules. The fighter aircraft
fleet was expanded with the acquisition of
the A-4 Skyhawks acquired from Davis-
Monthan "Bone-Yard" where retired US
Services aircraft were stored. The transition of
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the fleet, from a largely British-made aircraft
to American aircraft types entailed much
adaptation in maintenance practices, tooling,
documentation practices and concepts.

In view of this, the ROCAF was invited to
help after the British withdrawal as they were
one of the more experienced air force in Asia
and they operated many US-made aircraft.
For example, the ROCAF operated one of
the largest fleet of F-5 aircraft then. ROCAF
officers and SNCOs were inducted into the
SADC airbases to provide the necessary

experience in support of the rapid build-up
of the SADC.

In later years, the Skyhawk operations also
saw exchange officers from the RNZAF and
the C-130 operations had exchange officers
from the RAAF and the USN/USAF. (The
RNZAF and RAAF had good operating
experience on the A-4 and C-130, respectively.)

Although the foreign air forces involved
contributed in many ways to the build-up of
the RSAF, the most important consideration
was their relevant aircraft-type experiences.
They also assisted in introducing the RSAF
to different operating concepts and their
experiences as an air force. Bridging the
technical experience and manning gaps were
beneficial but not the only consideration.

The assistance of the foreign air forces and
navy (USN) through loan/secondment of their
experienced staff were very helpful to the
RSAF Air Logistics Organisation over the
years. Some acted as advisors in HQ RSAF,
while others were seconded to the operational
units in the airbases.

ST Aerospace, the Air Force Depot
Origin of ST Aerospace
When the SAF was being built up, the

Government took a strategic decision to
build up a complementary “depot” to support
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each of the Services; the Air Force, the Navy
and the Army, as well as in electrical and
electronics engineering. The thinking was
that each would complement the respective
Service's need for industry support.

ST Aerospace, which was to be the "industrial
arm” of the SADC for aviation support work
beyond the RSAF's immediate operational
requirements started a few years later after the
formation of the SADC. It began as an aircraft
MRO named Singapore Aircraft Maintenance
Company (SAMCO) in September 1975 and
was incorporated in 1976.

Lockheed Aircraft Services Singapore

Prior to the set-up of SAMCO, Lockheed
Aircraft Services Singapore (LASS), a
Singapore subsidiary of the US Lockheed
Aircraft Services Company, provided technical
support to the SADC. LASS was started in
the 1970s to support the US Armed Services
aircraft operating in Asia during the period
of the Vietnam War. It supported the SADC’s
depot maintenance needs but the biggest job
it did for the SADC was the refurbishment of
the A-4B Skyhawk aircraft, including the first
upgrading of its avionics. The main avionics
upgrade for the A-4 was done much later
during the A-4 upgrade to A-4SU. LASS work
included the addition of outboard pylons, split
spoilers and 30mm Aden guns. The A-4B
fleet comprised some 32 Skyhawks. LASS
also upgraded the Hunter fleet with improved
weapons carrying capabilities by adding a
centreline station and capability to be armed
with 4 AIM-9 Sidewinder air-to-air missiles
on its wing pylons.

LASS also developed the unique twin-seat
configuration TA-4S which had separate
front and back cockpits. This was driven by
necessity as although there were many single
cockpit A-4Bs available, there were no twin-
seat A-4Bs produced and the RSAF needed
them for training new pilots.

The only Hunter aircraft to have AIM-9
missiles and centreline MERS carriers

Unlike other twin-seat TA-4 Skyhawk trainer
variants developed by the OEM, McDonnell
Douglas with tandem cockpits covered by a
single, large clamshell canopy, RSAF'S TA-
4S (its designation after the conversion by
Lockheed as detailed in Section 1.1) had a
distinct, stepped aft cockpit with a separate
windshield and canopy for the instructor
pilot. This unique “double bubble canopy”
provided better over-the-nose visibility for
the rear instructor pilot during landing,
and perhaps might have been influenced by
Lockheed’s experience with its own stepped-
cockpit trainer versions of the SR-71B and
U-2CT spy planes of the Cold War era.

The manner in which the TA-4S was built
was also novel. Instead of a purpose-built
twin-seat cockpit section, the TA-4S was
constructed from an A-4B with a second,
28-inch long cockpit “plug” inserted between
the original cockpit and centre fuselage.
While not as structurally refined as Douglas’
new TA-4F and TA-4] designs, this was a
cost-effective approach that maximised the
re-use of components from “donor” A-4B
airframes, including structural members,
cockpit systems/components, and canopy.
Two A-4B airframes were used to build a
TA-4S trainer aircraft. The second airframe
was used to “cannibalise” the canopy, cockpit
systems and components, and structural items
mentioned earlier. A subsequent refinement
to the aft canopy transparency shape was
to increase the bulge laterally, to provide
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better forward vision for the aft crew member
(looking forward from the extreme left and
right side of the canopy).

LASS had under its employment some
Singaporean aircraft technicians and engineers
amongst its staff in Singapore. It operated
from Seletar Air Base (SAB). At the end of
the Vietnam War on 30 April 1975, LASS
withdrew from Singapore. Many of these
Singaporean staff of LASS continued their
aviation careers in Singapore under SAMCO,
when it started in April 1976.

Build-Up of SAMCO

SAMCO took over the hangars vacated by
LASS in SAB. While the designated role of
SAMCO was to be the depot for the RSAF, it
also sought to delve into "commercial work"
beyond its support for the RSAF. It won its
first "major" commercial contract in September
1980 with the USN to perform Depot Level
Maintenance work for one of its KC-130R
Hercules on layover in Singapore. This was
ST Aerospace’s first significant non-RSAF
contract then and that this programme is still
ongoing today speaks plenty of its ability to
retain customers and its performance as an
MRO provider.

To facilitate a quick start at SAMCO, some of
its senior management were seconded from
the SADC. The first Managing Director of
SAMCO was the first Head of Air Engineering
of the SADC. The first Production Manager
of SAMCO was also from the SADC.

When SAMCO was set up, Hunter depot
maintenance capability and some depot-type
work were transferred from the SADC to
SAMCO to enable it to build up its experience.
Up till then Hunter depot maintenance was
performed within the SADC by Tengah Air
Base's Aircraft Servicing Flight. SAMCO's
first major engineering programme was the
A-4C Skyhawk refurbishment and restoration
programme. When it was decided to further

AVIATION ENGINEERING

Chapter 1 WHERE WE WERE

expand the RSAF, the decision was to acquire
more A-4 Skyhawks. However there were no
more A-4B aircraft available. The only A-4s
available in adequate numbers was the A-4C.
They were retired earlier than the A-4Bs but
due to the low humidity in Davis-Monthan
Air Force Base they were in good condition.
So A-4C it had to be.

First Major Refurbishment of Aircraft by
SAMCO

As this was the first major refurbishment
undertaken by SAMCO, it was a significant
task. SAMCO was barely into its fourth year
of operations when the first A-4C carcasses
were delivered to its facility at Seletar
Airport on August 1980. This programme
gave SAMCO its first experience in major
refurbishment and modification work. The
first refurbished A-4C, designated the A4S-1,
rolled out of SAMCO on 24 January 1982.

Early A4S-1 Skyhawk converted from A-4C

Besides the A-4 aircraft airframe work for
SAMCO, the refurbishment programme
introduced new capabilities and high value-
added work to its sister companies; overhaul
of the A-4’s J-65 engines for Singapore Aero
Engines Overhaul Limited (SAEOL), and
repair and overhaul of electrical, avionics
and mechanical components at Singapore
Aero Component Overhaul (SACO) and
Singapore Electronics and Engineering Limited
(SEEL). This was the start of ST Aerospace's
aircraft engines and components business
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which complemented its aircraft MRO and
engineering capabilities.

In later years, the military engines and
components experience enabled ST Aerospace
to extend its capabilities to commercial engine
and component MRO and modification
work. This extended ST Aerospace’s
commercial aviation business. Although
ST Aerospace evolved the Maintenance-by-
the-Hour (MBH) concept on commercial
engines and components businesses to meet
the preferred business model for low cost
carrier (LCC) airlines, without these starting
MRO experience on military engines and
components, ST Aerospace might not have
been able to do so.

Trainer with Twin-Radome Cockpits

SAMCO further enhanced its structural
modification capabilities through work on the
building of the TA4S-1. As mentioned earlier,
the first TA-4S, developed from the A-4B was
designed and built by LASS. This capability
and tooling were transferred to SAMCO which
extended the development work done in later
years to meet the need for significantly more
twin cockpit aircraft to meet its training and
new operational needs. Although the essence
of this conversion process was retained, ST
Aerospace development of the TA4S-1 was a
more complex conversion since it combined the
avionics (described in the following section)
and re-engine upgrades simultaneously with
the twin-seat conversion. In addition, when
more TA-4S were needed for new operational
requirements, further structural development
work had to be undertaken as there were then
insufficient A-4C carcasses available.

This write-up will not go into details of the
engineering efforts that went into developing
the number of TA4S-1 needed by the RSAF in
later years except to recognise the significance
of the TA4S-1 in the capability build-up
period. The TA-4 was, and is even today, the
only twin-radome trainer aircraft in aviation,

Handbuilding the TA4S-1 at SAMCO

one for the front cockpit and another for the

back cockpit.

Though a major engineering undertaking and
many major changes were made to the aircraft
and its systems, the TA-4SU (designation for
the upgraded TA4S-1) were very successful
aircraft which never had a single loss despite
its demanding usage as a trainer aircraft over
its life cycle. It also became the platform for
operational development in the RSAF and
later, the Fighter Lead-in Trainer in Cazaux,
France, where the RSAF trained until the fleet
of TA-4SU was retired in 2012 due to expiry
of structural life.

Build-up of Singapore Aircraft Industry,
later re-named Singapore Aerospace,
then ST Aerospace

With the maturing of the various MRO
capabilities in support of aviation, a decision
was taken to combine them under a single
company, Singapore Aircraft Industry (SAI).
SAlwas formed on 25 February 1982 as the
holding company of SAMCO, SAEOL and the
aviation electrical shops of SEEL. When the
company was listed, it had an annual revenue
of $$70 million. The intention to build several
other companies within SAI, including for
manufacturing (SAM, Singapore Aerospace
Manufacturing), spares or warehousing
(SAW) and components (SACO) was also
laid out. The announced intention then was

"to build a repair and overhaul company to
serve the ASEAN and West Asian Gulf State".
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TA4S-1 on landing roll

The first Managing Director of SAI was
from MINDEEF.

SACO was launched on 9 August 1982, a 50:50
joint venture (JV) of the Aviation Division of
SEEL and the Component Overhaul Shops of
SAMCO. SAEOL was incorporated in January
1977 through a joint venture between SAI
and Singapore Airlines (SIA) to repair and
overhaul “small” engines, which then were the
military engines and the aged JT8D engine.
Subsequently SIA sold its shares in SAEOL
to SAI as it had no commercial interests in
the JT8D engine.

SAIwas renamed Singapore Aerospace (SA) in
January 1990.

SIA's first B747 hangar converted
for military aircraft use

SAI took over SIA’s first B747 hangar in Paya
Lebarin 1983 to do military work as SIA had
moved to Changi Airport and the RSAF had
moved from Changi Air Base to Paya Lebar
Airport. The hangar reverted to commercial
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use in later years when, in January 1990, its
first wholly commercial aircraft maintenance
company, Singapore Aviation Services

Company (SASCO) was formed.

ST Aerospace's growth in aviation engineering

and MRO is covered in Chapters 3 and 4.

Building Up Engineering Development
Capabilities in ST Aerospace

The growth into military engineering
development work was not easy. Although
there were good engineers in MINDEF, the
RSAF and ST Aerospace, experience level was
low when the A-4SU upgrade programme
was started in the early 1980s. However,
the combined team of ST Aerospace's
management and engineers worked closely
together with the RSAF and the Defence
Technology Group (DTG) in MINDEF
(predecessor of the Defence Science and
Technology Agency, DSTA) to overcome each
major problem as they surfaced. Following
the successful design and certification work,
and committing the design to production,
presented various difficulties as resources
were very limited then. The combination of
capabilities, commitment and determination
saw the team through the A-4SU programme
and, subsequently, many other successful
military aviation engineering initiatives. Some
of these are covered in Chapters 3 and 4.

In later years, post 1990, ST Aerospace
extended its engineering capabilities to
commercial aviation work as it endeavoured
to go into commercial aviation MRO. This is
explained under Section 3.6. From thence, it
went into developmental engineering work on
commercial aircraftlike Passenger-to-Freighter
(PTF) Conversion (see Sections 4.5, 4.8.3 and
4.8.4) and other aviation related products.
ST Aerospace has since established itself as
a leading player in PTF conversions, a major
commercial aviation engineering development
activity, complementing the aircraft OEMs in
delivering cost-effective solutions to the market.
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In summary, up to 1984, the activities
of the RSAF and ST Aerospace were in
building up basic MRO and engineering
capabilities to support the RSAF's flying
training requirements. 1985 to 2000 was
time spent in building up the RSAF post
the A-4 Crisis, the build-up of RSAF's
engineering and operational capabilities and
the operationalisation of the RSAF. Besides
the engineers in the RSAF, ST Aerospace
played an important supporting role in the
recovery and subsequent operational build-
up of the RSAF. Thereafter, the combined
capabilities in the RSAF and ST Aerospace
were, on the military side, focused on the
continued build-up of new capabilities for
the RSAF as the RSAF transformed to what
it is today:.

For ST Aerospace, in addition to the important
role it played in support of the RSAF build-
up since its formation in 1975, in parallel
from 1990, it was trying to foray into the
commercial aviation market for commercial
passenger airliners.

Section 1.2
Some History of the Early Engineering
Work in Support of the RSAF

From within the RSAF and ST Aerospace

This section presents some snapshots of the build-
up of the RSAF engineering organisation and
engineering work undertaken in the early days.

The Fleet Build-Up

By 1976, there were no less than six types of
fixed and rotary wing aircraft in the RSAF’s
fleet: Hunter and A-4 Skyhawk fighter aircraft,
SF-260 basic trainers, Strikemaster jet trainers
(augmented by a few earlier model Jet Provost
trainers, purchased second-hand from another
air force), Skyvan light transport aircraft and
Alouette I1 light helicopters. A year later, the
UH-1H, Bell 212 helicopters and Lockheed
C-130B heavy transport aircraft were added

to the fleet. The Hunters and Skyhawks were
surplus aircraft acquired from the RAF and
USN respectively. The Hunters were acquired
in flying condition from the Hawker Siddley
Aircraft Company in the UK. The company
had earlier acquired surplus stocks from the
RAF, Netherlands and Belgian air forces before
refurbishing them for re-sale to world-wide
customers. The initial aircraft were ferried
to Singapore by Hawker Siddley Aircraft
pilots. The first batch of A-4B Skyhawks
were acquired from the USN’s mothballed
fleet in non-flying condition and Lockheed
Aircraft Services was contracted to set up a
re-manufacturing line at Changi Air Base to
refurbish and assemble the old airframes to
flying condition and to add additional avionics
systems such as new communication and
navigation systems. When the RSAF made
its second buy of A-4s (A-4C this time), it
was refurbished by SAMCO. This was the
foundation of ST Aerospace’s A-4 capabilities.

In view of the decision to undertake the
major A-4 upgrade to the A-4SU in the early
1980s, ST Aerospace made its first significant
recruitment of graduate engineers, 10
engineers in total, to undertake the task. They
were complemented by highly experienced
consultant engineers from overseas. Over the
years, the focus on building up of engineer
manpower and skilled technicians enabled
ST Aerospace to successfully discharge its
responsibility as the prime contractor for the

modification and upgrade programmes of
the RSAF.

In parallel, the RSAF also built up its
engineering capabilities following the A-4
Crisis. This was followed by an increase in
aviation engineering capabilities in DTG to
manage the major acquisition programmes.
The integrated engineering resources under
the RSAF, DTG and ST Aerospace are the
foundation for engineering initiatives in
military aviation in support of the RSAF today.
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Establishing Engineering Capabilities in
the RSAF

The bulk of the engineering work in the 1970s
to early-1980s was technical support and
sustenance of the fledging RSAF fleet'.

The early aircraft engineers were deployed
to either the airbases in Tengah, Changi
and Sembawang (Paya Lebar Air Base was
established later in 1981 following the decision
to move Singapore’s international airport to
Changi) or to Air Engineering Department in

HQ RSAF in MINDEEF at Tanglin.

In the airbases, the engineers took charge
of hangar maintenance of aircraft or
workshops performing servicing and repairs
of mechanical, electrical, electronic and
armament and weapon system components.
Besides the engineers, there were also
technical officers. These technical officers
were experienced technical specialists who
were commissioned as officers. They were
usually polytechnic diploma holders or had
gone on to complete their polytechnic diploma
in engineering in the course of their service
with the RSAF. The technical officers usually
start their service on flight line servicing of
aircraft because of their aircraft experience.
Those with more experience might see
themselves in similar appointments as the
engineers in the hangars and workshops as
their experience and professional capabilities

were recognised by the RSAF.

Because the Air Force was in its early years
and engineering capabilities were limited,
when its aircraft were acquired, the focus
was on ensuring operational support was
not compromised. The need for a more
comprehensive acquisition package which
would have given the RSAF an in-depth

engineering capability in the aircraft was

!Support of air defence systems is addressed in one of the series
of four “Engineering Singapore’s Defence — the Early Years”
books titled “Engineering System-of-Systems”.
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not recognised then. Technical training on
the aircraft and its systems was thus limited
to maintenance work.

The RSAF had to rely mostly on overseas
OEMs for the bulk of component overhauls
and repairs, due mainly to decisions at the time
not to invest in high cost support equipment
and associated tooling and training. There
were also no plans to develop the ability to
indigenously support, modify and upgrade the
aircraft during its life cycle. The “smart buyer
and smart user” approach had yet to come.

The engineers in the airbases provided
management oversight over the technicians in
what was largely scheduled and unscheduled
maintenance tasks according to prescribed
procedures in maintenance and repair manuals
provided by the OEMs. They were also the
first line of defence to engineering problems
experienced during maintenance. Because
of the lack of sufficiently deep engineering
knowledge on the aircraft and its systems,
serious problems were usually addressed in
consultation with the OEMs. Urgent dialogues
with OEMs were done via the old faithful
telex machine, and normal dialogues by post.
So there were issues with responsiveness of
OEM’s support and aircraft recovery time.

In later years, with new aircraft acquisitions
starting with the F-5, the services of
technical representatives from the OEMs
were sometimes acquired for specific periods.
These “Tech Reps”, as they were affectionately
called, were stationed in the airbases and
provided the important direct links to the
OEMs. They became valuable and most
sought-after technical resources whenever
unique and abnormal problems surfaced.

Though many of the Tech Reps were
knowledgeable, one of their biggest advantages
to the RSAF was their knowing where at their
respective OEMs, thousands of miles away,
the relevant knowledge or capabilities reside.
Resolution of new and unique problems and
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development of maintenance and repair
procedures beyond maintenance manual
limits provided a valuable learning experience
to the RSAF engineers. Over time it allowed
the engineers to “stretch beyond the book”.
Eventually, rather than approaching the
OEMs on what to do, the RSAF engineers
took the initiative and began to propose
technical solutions which were evaluated
with their local Tech Reps for their inputs
before applying the proposed solutions to
fix the problems. The RSAF engineers soon
found that this initiative was more satisfying
and at the same time yielded a faster “fix” for
the problems. Time was always the essence
in getting an unserviceable or grounded
aircraft back into the air. The enthusiasm of
the engineers never waned.

At Air Engineering Department, HQ RSAF,
engineers were deployed to look after specific
aircraft types (“airframes”), engine types,
or systems such as armament, airborne
communications, radar, electrical and aircraft
instruments systems. Major problems and issues
faced by the airbases would be managed by
engineers from HQ RSAF who would work with
their counterparts in the airbases in developing
solutions. OEMs were consulted when required.
Problems which were unique to our operating
environment might require further investigation
by the OEM, before an agreed solution was
developed. A characteristic of the early days
of the RSAF aircraft engineering activities was
the heavy reliance on the manufacturers for
know-how and support.

Anaircraftand its systems and components are
maintained in accordance with maintenance
schedules which consist of inspections and
maintenance actions at specific intervals
prescribed by the aircraft and component
manufacturers. These maintenance
schedules and maintenance requirements
are developed based on the manufacturer's
design considerations, modified by operational
experience and engineering analysis of defects
experienced. The objective is to ensure that an

aircraft and its systems can be operated with
acceptable reliability and in a safe manner,
yielding the expected performance and with
minimum unexpected in-flight failures. If there
are impending failures, these should mostly
be detected during scheduled maintenance
inspection or by specific measurements of
the system performance parameters.

The aircraft maintenance requirements are
continually updated by the OEM based on
inputs from operators of its aircraft all over
the world, including the RSAF.

In addition, the aircraft and component
manufacturers put outad hoc “service bulletins”
(SBs) requiring a one-off inspection and
maintenance action, or repeated maintenance
actions, or a modification action, usually to
fix a problem detected during service and one
which is likely to have fleet-wide implications.
It is not just a simple process of complying
with the requirements as there would be
so many SBs that such an approach would
ground the fleet.

Besides those SBs with safety of flight
implications, others may be optional, to
improve on a certain condition, or if there
is an operating requirement. Technical and
operational judgement are needed to evaluate
each SB to decide when might be a right time
to carry out the inspection, maintenance or
replacement, or if it should be implemented
at all. Evaluation of SBs and modification
proposals is to determine its applicability
to the operators’ fleet and immediate safety
implications, if any. These maintenance
concepts generally apply to both military
and civilian aircraft support.

From time to time, aircraft failures and other
anomalies might occur, some of which might
have been experienced by other air forces and
hence known by the OEM. Some however
might be unique to the RSAF and likely
caused by the local operating environment
or operational usage. In the latter category,
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consultation with the OEM would usually
be the norm, but as the RSAF's engineers
gained experience, they were able to analyse
the failures and develop enhanced inspection
procedures and local “fixes” for the problems.
The study of problems and failures in aircraft
systems and components by our engineers
during the 1970s and early 1980s eventually
developed into the science of failure analysis
and reliability engineering that is rigorously
practised in the RSAF today:.

Defence Industry Role, Complementary to
the RSAF's Role

The roles and set-up of the defence industry
have been explained in Section 1.1. Initially,
the defence industry was to undertake “Depot
Level Maintenance” work (or MRO work in
the commercial aviation world).

The RSAF would perform maintenance tasks
which were directly related to the immediate
generation of aircraft availability within the
airbases. These included “before flight” and
“after flight” servicing of aircraft in the flight
line, rectification tasks to recover and turn
around unserviceable aircraft (usually by
the following day), scheduled maintenance
tasks involving short aircraft downtime,
and operational level workshop repairs on
engines, mechanical, electrical and electronic
components. Major aircraft scheduled
maintenance which required extensive
aircraft downtime (from several weeks to
several months) and component and engine
overhauls and repairs would best be farmed
out to an “outside contractor” as these would
not directly influence the near-term aircraft
sortie generation.

With the formation of SAMCO in 1975,
the build-up of depot level capabilities was
started in earnest. In the beginning, some
of these initial capabilities were actually
transferred from the RSAF to help SAMCO
build up its capabilities in the interests of the
RSAF in the longer run. Besides performing
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heavy scheduled maintenance of aircraft and
component overhaul and repair, SAMCO
engineers also worked with their counterparts
in the OEMs to jointly develop engineering
repair schemes and modification proposals
to fix problems and defects found during
scheduled maintenance, or to improve
reliability and maintainability of systems
and components.

For a specific repair, a technical proposal
would be submitted and discussed with
engineers from the RSAF before the solution
was mutually agreed and implemented.
Sometimes, RSAF engineers may have
a different perspective of the technical
solution that might be more suited to meet
its operational requirements or on risks and
cost trade-off. This was thus the beginning
of engineering development activities in both

the RSAF and local industry.
Pioneering Efforts

The lack of technical know-how on the early
RSAF’s fleet was no impediment to RSAF
engineers in carrying out their tasks. The
“can do” spirit was very evident during the
pioneering days as there was usually no one else
whom the engineers could immediately turn
to, apart from the related aircraft maintenance
manuals. The situation could be critical if a
problem resulted in a precautionary fleet-wide
grounding of all aircraft. The pioneering spirit
meant that the engineers earnestly worked
to find solutions to problems which were not
normal and which the engineers were not
fully equipped or trained to do. The simple
purpose was to fix the problem and get the
aircraft flying again.

There was however no compromise on flight
safety standards, for safety in aviation was
paramount and well understood even in the
early years.

When there was an OEM Tech Rep resident
in Singapore, his expertise and experience
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would be the first for our engineers to draw on
but for more complicated problems, he might
not be able to help. As necessary, the RSAF
might seek to communicate with the OEM
directly on critical and important matters,
especially those affecting safety or operational
capabilities.

However not all OEMs were responsive. Some
wanted to be funded separately to research
our queries and provide response. This started
to make our engineers realise the importance
of having the right level of technical data and
engineering training so they would not be
over dependent on the OEMs. Besides delays
in arriving at the right answer, it might also be
operationally unacceptable. The availability of
adequate engineering data, and the ability to
interpret and use the data, allowed a deeper
understanding of the system from the design
perspective, and thus enable the RSAF to be
less reliant on the OEMs to solve operational
problems except for very major issues.

Nevertheless, despite the lack of engineering
data in the earlier days, the RSAF's engineers
were resourceful enough to be able to handle
not only the support of operations but a
number of projects involving modifying the
aircraft to perform special roles during the
pioneering days. The following two projects
are cited as illustrations to give some insight
on what were done even with limited OEM-
level data and the lower level of engineering
experience in the RSAF then.

The First “Smoke Modification”

The first fighter aircraft in the RSAF’s history
was the Hunter aircraft. Even in those days, as
it is now, Singapore’s National Day was a big
event for the SAF. And a fly-past was a must!
As it does even today, a fly-past always draws
excitement from the crowds who gather to
witness National Day celebrations. And the
first fighter aircraft must surely be one of the
key components of the SADC’s contribution to
the SAF contingent at the National Day Parade.

For the Hunter Squadrons, National Day, and
in fact any major exercise like the Five-Power
(the UK, Australia, New Zealand, Malaysia
and Singapore) Air Defence Exercise, were
times when it had to be at its best.

A self-imposed “requirement” for the
Maintenance Flight that maintains the Hunter
aircraft, called Aircraft Servicing Flight (ASF)
later renamed Hunter Maintenance Flight
(HMF), was that every aircraft would fly. Even
aircraft on longer term scheduled maintenance
would be recovered to meet this objective. The
technical workforce would throw everything
it had onto the aircraft to ensure its recovery
in time for the event. And the Squadron would
always have a pilot to fly the last aircraft
recovered. Such was the spirit.

On the way back to Tengah Air Base, the
whole fleet, every aircraft, would fly over
the airbase in a single formation to celebrate
the success of the event for the whole base.
Some 36 to 40 plus Hunters, depending on
the number of aircraft in the fleet then would
blank out the sky during such an event. Pride
and simple joy for the people behind the
action!

One day, it was decided that it would be nice
to have the Hunters emit smoke during the
National Day fly-past. Today, many aircraft
flying in air displays have smoke emitting
capabilities but in the early 1970s this was
uncommon.

Today, the RSAF might look for some special
off-the-shelf configurable smoke modification
to buy and install on the aircraft but back
then there was no such thing. The acquisition
process was not so well defined in those
days and it would not have been possible to
meet the timeline as the objective date — by
National Day — was fixed. In any case, the
cost would have been too prohibitive! So it
fell on the Maintenance Flight behind the
Hunter Squadrons to make it possible.

AVIATION ENGINEERING

The system was conceptualised based on the
configuration of the Hunters. Fortunately,
the Hunters had a fuel storage system which
facilitated the modification. There was a front
fuel tank in its forward fuselage, and fuel
was also stored in the wetted wings and
two smaller tanks in the rear fuselage. The
Hunters also had large external fuel tanks
("Drop Tanks"). The fuel from the rear tanks
and wings would be transferred to the front
tank from which the engine would take its
fuel. In order to create a separate storage tank
for the smoke generating fluid, the rear fuel
tanks on the aircraft were isolated. As the rear
tanks were smaller, there remained sufficient
fuel in the remaining tanks for the aircraft.

Diesel was used for the smoke generation.
The diesel was stored in the isolated rear
tanks and would be fed from the rear tanks,
via a separate pipe line, to the end of the
aircraft jet pipe (where the jet thrust from
the jet engine was emitted) and be vaporised
by the hot exhaust gas to create the thick
white smoke. Later, dye would be added to
the diesel in the rear tank to create the red
smoke. This resulted in the colourful red and
white emissions we see at air displays! The
jet engine’s exhaust temperature would not
be high enough to cause spontaneous ignition
of the diesel fuel, just to vaporise the diesel
into highly visible smoke.

As it was an airborne system, engineering and
safety came first. But, it had to be possible,
to work reliably, and to meet the objective
timeline for the National Day concerned.

The piping systems were designed from
seamless copper pipes, to avoid risk of cracking
at the seams. Brass pipelines were more
common but brass had a problem with age
hardening. The control valve to select and de-
select release of smoke-generating diesel fuel
had to be an aircraft certified valve. All wiring
and mounting for the smoke modification
components had to be of aviation standard.
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There were many ground tests followed by
airborne testing of the system. Much testing
was also required on the inclusion of the red
dye as it did not mix well with the diesel.
Intermittent smoke emission would be
unacceptable by airshow standards. To ensure
proper vaporisation of the diesel, the engine of
the aircraft must be flown at a certain engine
throttle setting to get the jet pipe exhaust gas
temperature right.

Finally, the “smoke mod” was successfully

flown on its first National Day outing on 9%
August 1974.

"Smoke mod" aerial display

In subsequent years, later aircraft like the A-4
Skyhawk, the F-5 Freedom Fighter and the F-16
Fighting Falcon were also modified to generate
smoke for National Day fly-pasts. Each had
its own unique smoke modification to do
the task. The system for each aircraft type
would be different for reasons related to the
aircraft. But the very first smoke modification
for Singapore was on the Hunter aircraft, and
a totally homemade design-and-built system!

In those early days when the RSAF, or
rather the SADC, was less structured, the
underwriting of the modification was with
the Air Base. Nevertheless, the responsibilities
rested with the engineers on the ground.
Self-control is, under certain environments,
perhaps the most effective of controls. There
would be no doubt as to accountability. This
and the capabilities of the fledgling engineers
enabled the RSAF to achieve many things in
its early days.
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Alouette Ill with underslung state flag

There was no other way in any case. The job
had to be done. The people in place had to
do what was necessary. The mission had to
be accomplished. After all, this was the Air
Force, albeit one in the making then!

Flying the Flag

The appearance of a large national flag
carried by a helicopter during the National
Day fly-past is always a proud moment to
every citizen viewing the National Day
Parade. The reader may not be aware of the
engineering analysis that must be carried out
before flight certification of the flag carriage
is given by the engineering authority in the
RSAF. The Alouette III was the first helicopter
to have the honour to fly the state flag during
the National Day Parade fly-past in 1970.
Essentially, this fly-past configuration was
treated as an underslung load carriage for the
helicopter. The state flag was attached to a
cable with a weight suspended at the end,
in order to keep the cable taut during flight.
The top end of the cable was attached to
the underslung attachment hard point of the
helicopter lower fuselage structure. In flight,

the load was free to twist, orientate and swing
about its vertical axis, and the flapping of the
flag would cause drag.

The engineer had to assess the structure and
hard point attachment, aerodynamics, load
oscillation in forward flight, safe handling
and manoeuvre boundary, weight and
centre of gravity (CG) of the underslung flag
configuration, and emergency manual release
of the load (flag) to ensure that there was no
transgression beyond the flight envelopes of
the helicopter. It looked nice and seemingly
easy to fly the flag but much effort went into
ensuring that the flag would flutter nicely
and safely in flight as it could be disastrous
if the flag got blown up by the downwash of
the propellers. Before each flight, the flag had
to be inspected carefully as a smallest tear
could result in the whole flag being torn apart
because of the airloads. While we are used
to seeing very heavy underslung loads like
artillery pieces regularly lifted by the Chinook
today, the carriage of a large Singapore flag
presented a significant challenge because of
its dynamics. Since then, every National Day
must have a Singapore flag in the fly-past.
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Enhancing the RSAF’s Support
Capability

As the momentum of operations intensified,
engineering and logistics challenges to
support the expanding RSAF aircraft
operations increased rapidly. To ensure a
more integrated support of operations, in
1978, Air Engineering Department and Air
Logistics Department (which included the
provisioning and purchasing, and contract
management functions, and the management
of the RSAF supply bases) were merged and
collectively called Air Logistics Department
(ALD). The materials function, such as spares
management, provisioning and purchasing,
remained largely unchanged and was under
the direct responsibility of Deputy Head Air
Logistics (Materials), while the engineering
support function under the former Head
Air Engineering came under Deputy Head
Air Logistics (Engineering). Both Deputies
reported to a single Head Air Logistics. This
change helped to foster a closer working
relationship between the Technical and
Materials (Supply) communities to ensure
optimum support of the RSAF's aircraft
and related support equipment, in order to
achieve the maximum availability of aircraft
and systems.

Civilian Engineers in the RSAF

Up to the late 1970s, engineers with an interest
in a career in military aviation had to join the
RSAF as military engineers. That meant that
they became military personnel, in uniform,
with an officer's rank, and would have to
perform certain military duties (such as Duty
Officer and Payroll Officer, to name a few)
in addition to their professional engineering
work. This scheme of service was unpopular
with some engineers and somewhat limited
the RSAF’s ability to recruit engineers as many
were not prepared to assume a military career.
Virtually all the engineering graduates (at
least the male engineers) had experienced
NS and many did not view a military career
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positively then. The SAF was in its early days
and did not have the possibilities it now has
to project itself as a plausible career option.

A complementary and hopefully more
attractive scheme, administered by PSC,
was introduced in 1979. This was the non-
military Defence Engineering and Scientific
Service. Most of the military engineers at
the time were given an option to opt for this
new civilian engineering scheme and many
did so. The scheme also proved successful in
recruiting an increased number of engineering
graduates in subsequent years.

The First Supersonic Fighter

The acquisition of new F-5E/F supersonic
fighter aircraft from the US in 1978 provided
a great opportunity to send some of our
engineers to the US to receive technical
training on the aircraft type at Northrop
Corporation, the manufacturer. Unfortunately,
the RSAF did not seize upon this acquisition
as an opportunity to jump start the build-
up of its engineering capability through a
comprehensive engineer’s training package
on the design perspective of the aircraft and
its systems as this was not the priority then.
In addition, the need to have such capabilities
then was not so obvious.

However, a number of engineers were trained
in the US on the maintenance aspects of the
airframe structure, mechanical and electrical
systems, aircraft avionics, armament systems,
and the General Electric (GE) J-85 gas turbine
engine. The training at the manufacturer’s
facilities, though maintenance-biased,
nevertheless provided our engineers with
some basic knowledge on the fundamental
design of the aircraft and systems, and its
maintenance philosophy:.

In a way, the F-5E/F acquisition programme
was an opportunity missed as it happened too
early in the history of the RSAF. While our F-5
project team learnt from the US counterparts
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F-5E in formation

the structured process of definitisation of
spares, and support and test equipment,
we did not recognise the need to define the
other requirements needed to indigenously
support and operate the aircraft and systems
throughout its life cycle, which could be 20
to 30 years or more.

Thus, the need to define and acquire the
necessary engineering data packages and
proper engineers’ training on the interpretation
and usage of the engineering data was not
considered. Such engineering data would
have allowed the RSAF to know the aircraft
sufficiently to be able to indigenously modify
and upgrade it and to add new systems during
its life cycle.

This lack of data was to pose significant
challenges to the RSAF, Defence Materials
Organisation (DMO) and ST Aerospace
engineers in the years to come when they
began to look at the upgrading of the F-5
aircraft. How they overcame the challenges
to propose solutions would be addressed in
Section 2.2.

Improving Aircraft Maintenance

As mentioned, the RAAF and RNZAF were
amongst the foreign air forces which offered

valuable technical assistance to the RSAFin the
build-up of its engineering capability. Besides
the "Exchange Officers" programme with the
RNZAF and RAAF which has been mentioned,
the RSAF had also benefited from other aspects
of their engineering experience. For instance,
in the late 1970s the RNZAF embarked on
a review of all the scheduled maintenance
requirements of their aircraft fleet. This
concerned the maintenance schedules and
tasks originally developed by the respective
aircraft manufacturers. The RNZAF review
was based on a document called Maintenance

Steering Group-3 (MSG-3).

The MSG-3 document was developed by major
civilian airlines in the US and civil aircraft
manufacturers (such as Boeing, McDonnell-
Douglas and Lockheed) in the late 1970s.
The document presented a methodology
and decision logic process for developing
scheduled maintenance tasks and intervals
acceptable to the aircraft manufacturers,
airlines and civil airworthiness authorities.
The concept was to recognise the inherent
reliability of aircraft systems and components
and avoid unnecessary maintenance tasks,
thereby increasing efficiency and reducing
aircraft downtime. The MSG-3 document

was an evolution of the MSG-1 document
developed for the Boeing B747, and MSG-2
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developed for the McDonnell-Douglas DC-10
and Lockheed L-1011. This concept is referred
to as Reliability Centered Maintenance (RCM)
by US defence contractors and by the USAF.

The RNZAF reviewed the scheduled
maintenance requirements of their entire
fleet and progressively applied the MSG-3
(or RCM) concept to develop new improved
maintenance schedules for their P-3C Orion,
C-1380, A-4 Skyhawk, Strikemaster and UH-
1H aircraft. When the RNZAF briefed the
RSAF about their Improved Maintenance
Programme (IMP) and offered to train
Singaporean engineers on the methodology,
the RSAF sent a team of engineers for a three-
week training programme. The Singapore
team received training on the analysis process
of aircraft systems and components, including
the functional failures of each component
and analysing failure modes and effects,
and the development of the appropriate
maintenance strategy and a complete RCM-
based maintenance schedule.

Upon their return 