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Under One Sun
ST Engineering’s story began 40 years ago
in a reclaimed swamp in Jurong. Its humble
beginning, a production line for 5.56mm
ammunition, was part of a nationwide effort to
help a newly independent Singapore survive.
This first outfit, Chartered Industries of
Singapore, was quickly joined by companies
in the aerospace, electronics, land systems
and marine sectors to form a credible
defence industry for Singapore. Banding
together to form ST Engineering in 1997, the
Group is today a formidable player in both
commercial and military sectors.
This book is an account of those
40 years and a snapshot of where
ST Engineering stands today and where it is
headed in the future. It is also a tribute to the
men and women who built a company on the

bedrock of integrity and excellence.




Celebrates years of Engineering Excellence



We dedicate this book to

our customers and partners for their trust,
our founding fathers for their vision,
our shareholders for their faith,
our pioneers and staff for their commitment;

and to the people of Singapore,
the reason ST Engineering was born.
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ST Engineering is what it is today because we dared to dream, to reach out beyond
our borders and establish launchpads around the world.

The foresight, perseverance and commitment of our personnel have enabled
the transformation from a local company into a premier Singapore multinational
corporation in just four decades. We now have a culture that sparks entrepreneurship
and ignites creativity.

Those of you familiar with our history would remember that we started in 1967
as Chartered Industries of Singapore, which produced ordnance such as 5.56mm
ammunition for the Singapore Armed Forces. We have since evolved into a global
enterprise engaging in defence and commercial businesses.

We realised that our strength was our ability to synergise the various capabilities
among the core businesses to derive a unique selling proposition relevant to the
marketplace. Take electronics, for example. It's an overlay throughout the land
systems, marine and aerospace sectors. Each business area augments the others.

As ST Engineering grew, we knew that it was a company capable of exporting its
services and products to the world. It was also evident that many of our capabilities
could be put to good use in the commercial area.

The groundwork for going global began when the Group was restructured in
1997 to form what is known today as ST Engineering. The revamp made the Group’s
leadership more aware of how capabilities and technologies in the different sectors
complemented each other, giving the Group a unique selling proposition - integrated
solutions.

We now offer sophisticated systems, services and solutions in the aerospace,
electronics, land systems and marine sectors. One of our best-known products to
the public is the fever screening system that was used during the Severe Acute
Respiratory Syndrome (SARS) crisis in 2003. It was an outstanding example of quick
response and good leverage on defence technology for commercial application.

Most significantly, people have been our driving force. We could not have made
any headway without their dedication to fulfilling the vision by piecing together a
dynamic global blueprint for the Group.

We will continue to stay focused. We won’t do everything under the sun.
ST Engineering is essentially still a defence group that has built a very strong
commercial business riding on many of our core defence skills. The sun will guide
our paths.

We are ready to accomplish further. Happy 40th anniversary!

Peter Seah

Chairman
Singapore Technologies Engineering
September 2007









(Lto R)

1. Boatbuilding in the early
days of Benoi Yard.

2. CIS’s first product - the
5.56mm round.

3. Working on electronics
components.

4. Singapore Aerospace
Maintenance Company
(SAMCO) began operations
as a maintenance base for
the Singapore Air Force.

INGAPORE Technologies Engineering Ltd (ST Engineering) is an international
Scorporation that employs over 18,000 people all over the world, with products,
systems and services reaching every continent.

In the air, many jetliners and freighters are maintained or converted by
ST Engineering. On the high seas, ships maintained, modified and built by
ST Engineering plough through the waves to deliver cargo across the world.

On the ground, specialty vehicles built by ST Engineering transport
goods, deliver emergency services and support infrastructure projects.
And connecting everything and everyone are the electronic and Information
Communications Technologies (ICT) systems of ST Engineering that automate
massive building complexes and subway systems, manage real-time
emergency services and let people talk to each other across the globe.

In Singapore, ST Engineering is also tied closely to the nation’s defence. It

gives the Singapore Armed Forces (SAF) support in maintenance and logistics

CHAPTER ONE

as well as creates or integrates new products to provide the SAF with new
capabilities. For the rest of the world, ST Engineering provides the systems and
expertise for homeland security solutions.

ST Engineering has grown - from a diverse collection of companies created to
support the SAF - into an integrated global company. Its position in the world today
is testament to the hard work, dedication, daring and ingenuity of its people over the

last four decades. This is their story.

A New Kind of Bullet

The ST Engineering story began with the basic need for bullets and the company,
Chartered Industries of Singapore (CIS), set up to make those bullets. This first
product was the 5.56mm ball round for the M16 rifle, a new size of ammunition for a
new rifle made by Colt of the United States. Until then, no other weapon had used

this calibre of ammunition.
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(Above, Lto R)

1. Dr Goh Keng Swee (right)
chairs a meeting with
Pang Tee Pow, Permanent
Secretary (Defence).

2. Dr Goh, with Sir Laurence
Hartnett (behind Dr Goh, to
his right), visits the cartridge
making line. Sir Laurence
did the initial planning for
the ammunition factory
and later recommended
the formation of Ordnance
Development and
Engineering (ODE).

(Opposite)

The SAF Infantry marching
proudly past residents of
Tiong Bahru during the
National Day Parade in
1973.

The 5.56mm calibre Colt M16 had been chosen as
the standard assault rifle of the newly-formed SAF and
large quantities of 5.56mm rounds were needed.
(Retired) Choo,
Singapore’s first Chief Defence Force, and later on,
Chairman of CIS, said of the M16: “All other assault
rifles used the 7.62mm round or an AK-47 type round.

Lieutenant-General Winston

The new M16 had a higher muzzle velocity and this
made a smaller round possible.”

Given the smaller stature of the Singaporean
soldier at the time, a shorter and lighter weapon made
sense. A smaller round would also mean each soldier

could carry more.

Born of an Urgent Need

Singapore gained independence on 9 August 1965.
Dr Goh Keng Swee, Minister for the Interior and
Defence, was tasked to develop an effective army for
Singapore. In 1965, there were only two battalions in
Singapore. What made the situation look even worse

was the British announcement of their withdrawal from

their bases east of the Suez by 1971. Singapore’s Israeli

military advisors worked out a plan to build up the
Singapore Armed Forces through military conscription.
They also advised the Singapore Government to build

its own ammunition factory.

Innovation from the Start

Dr Goh weighed the options. Importing all the
ammunition would have been expensive and would
have made Singapore more vulnerable to disruptions
in the supply chain.

Sir Laurence Hartnett, Australia’s Quartermaster-
General in World War Two, was appointed to head the
project. He also found a new way to make ammunition.
He used brass rods to make the cartridge cups instead
of brass sheets as was the practice then. As it turned
out, the new method resulted in better cartridge cups
that were also cheaper to produce. He also introduced
the “cold room” idea to making ammunition in order to
protect the gunpowder from the dampening effects of
Singapore’s humidity.
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Setting Up CIS
Tham Mow Siang, an Administrative Assistant in the

Civil Service at the time, set up the new company while
Sir Laurence acquired 69 acres of land in Jurong for the
ammunition factory.

While the factory was being built, Mr Tham
Chartered

Singapore (CIS), the first government-linked company

registered the company, Industries of
(GLC) in Singapore. The company’s first office was at
Cathay Building and the first modest plant producing
the 5.56mm ball rounds was located at Jalan Boon Lay,
the site of ST Kinetics today.

Mr Tham became CIS’s first Company Secretary,
with Whang Tar Liang its first Chairman. Mr Whang
was the Chairman of the Singapore Manufacturers’
Association at the time. George Bogaars, then
Permanent Secretary of the Ministry of the Interior and
Defence, became one of the company directors.

CIS was officially opened on 27 April 1968.

Uncompromising Quality
Under the zinc roof of their new factory in the former

swamp of Jurong, CIS’s employees got down to the

job of making quality 5.56mm ball rounds. To test the
ammunition, CIS eventually built tiny open ranges with
baffles to prevent stray shots from leaving the area. To
test the ammunition over longer ranges, CIS used the
SAF’s ranges and live-firing areas, and would later also
go overseas for testing.

Professor Lui Pao Chuen, now Chief Defence
Scientist, joined the Defence Ministry (MINDEF) in
1966. He noted that for the first 5.56mm ball rounds,
there were no US military specifications available yet.
So Professor Lui and his team had to write their own.

“The tolerances were tight - you tighten them when
you have any doubts!” said Professor Lui. “CIS almost
killed themselves trying to meet the specifications.”

The risk was also very real to the MINDEF testing
team. When the first batch of bullets was completed,
Professor Lui went down to test-fire them. He loaded
five rounds and began to fire. The fourth round exploded.
Bits of brass went straight into his arm - there had been
too much propellant.

Adjustments were quickly made and by the time
experts from Colt came in, CIS had perfected the

manufacturing process.

(Opposite)

The Jalan Boon Lay
site, completed. CIS
was incorporated on
27 January 1967 and
officially opened on 27
April 1968.
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The Role of CIS
in Nation-building

Dr Goh Keng Swee said in

Towards Tomorrow: The Singapore
Technologies Story (1997) that CIS
rose to the challenge and fulfilled
its mission despite his initial doubts
about having a munitions factory.
More than that, it helped greatly
in Singapore’s development as an
industrialised country.

“CIS, when it started, formed
the core of the government’s
industrial effort,” said Dr Goh in the
Singapore Technologies Pte Lid
(STPL) interview. “The sale of weapons
and ammunition to the Singapore
government formed a decreasing
proportion of its total sales even
though total arms sales increased
considerably over the years.

“But what really promoted
industrial development in Singapore
was the increase in the number of
technical personnel. The nurturing
of the country’s pool of technical
personnel was something that
occupied us for the best part of
the last 30 years. The schools and
universities adjusted gradually to
the market demand for technical
manpower. As the supply of such
manpower grew, so did the supply of
products.”

CIS made a wide range
of ammunition, from
5.56mm to 155mm
howitzer shells.




“When the Colt marketing team test-fired a box

of cartridges, they declared the CIS product ‘match
grade’,” said Professor Lui. “These are competition
rounds that are handmade and filled by hand. The
precision of the CIS-made rounds was so high that Colt
bought CIS ammunition for their M16 demonstrations
around the world. So out of our own ignorance, we
pressed CIS to create a really great product!”

“The locally-made munitions were good products
- good enough for us to look into exporting,” General
Choo said. He added that no subsidy was given to
CIS. It had to compete with other countries to produce

better ammunition at lower cost.

Making the M16

Making what was probably one of the best
5.56mm cartridges in the world was not enough.
Colt Industries, the manufacturer and owner of
the M16, had let CIS handle the assembly of
their famous rifle. As CIS grew in capability, the
company began to handle the manufacture of

parts and subassemblies of the M16, but only

(Lto R)

1. Ammunition
production in full swing.

2. An engineer testing
the world’s lightest
machine gun, the
Ultimax 100.

3. Dr Goh inspecting the
ammunition production
line in the late 1960s.
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for the SAF’s use. Throughout this period, CIS
not only learnt how to build excellent rifles and
grenade launchers, but also learnt how to design
and manufacture their own rifle.

The defence of Singapore, however, would depend
not just on land forces. Dr Goh’s second task was to

set up a shipyard that could build naval craft.

Ships for an Island Nation

Alone on the banks of the Benoi River in the desolate
western end of Singapore, a small group of 19 men
gathered in 1968. They had few tools, no special
equipment, and for shelter, only a zinc-roofed shed.
They did not even have a reliable supply of water.

They were expected to build boats. Not just any
boats, but the boats of a new navy tasked to defend
the vital sea lanes of Singapore. Compared to its sister
company, CIS, this little yard did not have the benefit
of ready facilities and sophisticated production line
machinery. But Dr Goh, the man who had asked for
the creation of this tiny company of brave boatbuilders,

saw a very clear and bright future for it.
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(Opposite)

Four of the six missile
gunboats built locally
by SSE. This picture
was taken after they
were upgraded with
Harpoon missiles.

Commercial Potential

Blessed also with a deep harbour and a long history of
ship support and repair in the naval and commercial
sectors, Singapore had both location and legacy.

Of course, Dr Goh’s priority was to develop a way
for Singapore to be self-reliant in the protection of the
island state’s sea lanes. A shipbuilding concern could
also diversify in a way an ordnance factory could not.
The region needed small vessels like barges, coastal

freighters, tugboats and, of course, gunboats.

Getting Up to Speed

Dr Goh gathered a group of local entrepreneurs and
persuaded them to start a shipyard. Whang Tar Liang
(who was also the first Chairman of CIS), Tan Soen
Swan and Baey Lian Peck responded quickly.

In May 1968, they set up Singapore Shipbuilding
and Engineering Pte Ltd (SSE) as a private venture with
the Singapore Government holding a minority stake.
The new company set up shop at the mouth of the

Benoi River in Jurong Industrial Estate.

A Slow Start

Business was slow for the first two years. Most yards
were in the Kallang River area, on the other side of the
island, so it may have been a case of “out of sight, out
of mind”.

The yard survived by building inshore vessels for
private owners. But its primary reason for existence
- the development of an indigenous capability to build
naval vessels - would soon give the yard a boost that

no other local shipyard could boast of.

The Missile Gunboats
The year after the yard was established, the Maritime
Command, predecessor of the Republic of Singapore
Navy (RSN), signed a technical cooperation agreement
with Fr Lurssen Werft of West Germany. Lurssen was
a world leader in the design and building of missile
armed high speed naval strike craft.

Six missile gunboats (MGBs) were ordered. The
first two would be built by Lurssen at their Vegesack

yard. The remaining four were to be built in Singapore,

27



=

S A




(Opposite)

40mm Bofors naval guns
being serviced at SEEL's
facility in Sembawang.

with Lurssen working with SSE to produce the vessels
and at the same time, transferring the technology and
knowhow for modern marine technology — especially
in the area of naval strike craft construction.

While waiting for the first two craft to be built at
Vegesack, SSE began preparing itself for the major
task of building the MGBs. These were 45m vessels
and SSE, up to that point, had not built anything
approaching that size.

The yard now had the ability to build the boats,
but weapon systems were quite another thing. These
were installed by MINDEF's Systems Integration
Management Team. The four vessels - RSS Sea
Dragon, Sea Hawk, Sea Tiger and Sea Scorpion — were
delivered in 1973.

But before that, another interesting opportunity
presented itself to Dr Goh, offering ready facilities and

trained personnel.

Riding the Spectrum
On the modern battlefield, the ability to connect and
coordinate fighting systems and units in an instant is a

matter of life and death. The force that has command

(Lto R)

1. A VIP visit to the
naval gun workshop at
Sembawang.

2. Technicians working
on a naval gun.

3. SEEL also had facilities
to repair electronic
equipment.

of this invisible front has a distinct edge over one that
does not.

The third sister company of CIS and SSE to be
born was SEEL - Singapore Electronic and Engineering
Limited. The British Royal Navy was withdrawing, but
it was leaving behind many fixed assets the new
island state would find valuable. Swan Hunter had
acquired Her Majesty’s Sembawang Dockyards, but
found a part of it — the Royal Navy’s old weapons and
electronic workshops - not viable for their commercial
operations.

These workshops were fully operational and
staffed by experts in weapons maintenance, seconded
civilians and Royal Navy personnel who had serviced
and maintained the Royal Navy’s vessels. It would
have been a waste to let all that specialist talent and
equipment go.

SEEL was formed in 1969 to take over the
facilities and personnel of these workshops. The new
managing agent for the workshops would be Philips
Australia, which had the necessary knowledge and
experience to handle the type of work SEEL was

created to do.
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(Opposite)

SAF’s 3-ton trucks being
re-assembled after a life
extension programme.

G. Selvaraj, Manager, Defence Business,
recalled those early days at SEEL: “| loved the work
environment and the people around me. We worked
in a long hangar. There were offices on both sides of
the building. There was a section that repaired guns like
the Bofors, a radio section and a calibration workshop.
| was part of the general engineering section which had
around 60 people.

“Our hangars were old British hangars. They
were about three storeys high, with cranes and a
high bay. They were very comfortable too. The offices
were air-conditioned — a real luxury in those days!
But in the hangars where the mechanical work was
carried out, the men had to wear overalls - it was hot
and greasy work.”

But as with CIS and SSE, the SAF’s business
was not guaranteed. It was up to SEEL to make itself
relevant to the SAF, just like any other customer it

anticipated.

A Mobile Fighting Force
As the SAF grew, so did its vehicle fleet. With the

greater need to train soldiers for combat roles, the SAF

(LtoR)

1. The amphibious
V200 roars ashore.
2. Atechnician
conducting quality
checks on the M113
Armoured Personnel
Carrier.

3. M113s lined up

in a workshop for
modification.

decided to outsource its vehicle maintenance work. In
1971, Singapore Automotive Engineering (SAE) was set
up and found a permanent home in the SAF’s vehicle
maintenance base at Ayer Rajah.

SAE’s first job was to maintain the fleet of V200
Armoured Personnel Carriers. This was quickly
followed, in 1972, by the repair and overhaul of the fleet
of Bedford trucks left behind by the British.

“When SAE started out in 1971, we were ‘grease
monkeys’ doing preventive maintenance jobs on the
newly acquired V200, which was specifically designed
and manufactured to the SAF requirements,” quipped
Wu Tzu Chien, now President of Special Projects at
ST Engineering. “Thereafter, we did many repair and
overhaul jobs as well as Limited Depot Overhaul (LDO
programmes) on SAF fleets of vehicles, thus giving the
vehicles another round of service life.

“During the early years, the SAF bought lots of
other armies’ surplus tanks, military trucks and Land
Rovers. SAE refurbished and modified them and gave
them a new lease of life.

“Throughout the organisation, everyone was

doing maintenance. However, everyone was itching
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Of Tracks and Wheels

SAE has changed its name twice. It
first became Singapore Technologies
Automotive in 1995 before becoming -
Singapore Technologies Kinetics after
acquiring CIS in 2000.

As ST Kinetics, it now has more
products in its stable including the
Infantry Fighting Vehicle more popularly
known as the Bionix. Then there is the
Spider Light Strike Vehicle, a buggy-like
off-road wheeled vehicle. The Bronco is
an articulated all-terrain tracked vehicle
that also has non-military uses, like

ho
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rescue and recovery operations.

ST Kinetics now extends its product range
to also include weapons and munitions
systems.

ST Kinetics has come a long way
from servicing B-fleet vehicles and
combat vehicles like the V200,

AMX-13 and M113, to actually designing
and building its own. Yet it still does
maintenance and crash repairs for
ordinary cars through its STAR
Automotive Centres!

An upgraded AMX-13,
renamed the AMX-13
SM1, charges ahead

in a cloud of dust.



to do more - to make our own products and to show
the world and more importantly our customer that we
had substantial capability and knowledge to meet the
challenge if given the opportunity.”

SAE would eventually get its chance, thanks to
a second-hand light tank that had to be refurbished
and upgraded to meet the then future requirements of
the SAF.

Until then, there was another vital dimension

Singapore’s defence forces had to protect — our skies.

Close Air Support
Many older Singaporeans remember with fondness
the Hawker Hunter with its sleek and handsome lines,
swept-back wings and charismatic voice, aptly named
the Blue Note. When Singapore-marked Hunters
first took to the air, these combat aircraft of the new
Singapore Air Defence Command (SADC) were a
reassuring sight for those who had survived the horrors
of the Japanese Occupation.

What most people did not see, however, was the
work involved in keeping these aircraft flying - and the

tiny company set up to help our pilots do their job.

Military but Commercial
The SADC had depended on Lockheed Aircraft Services
not just for the support of the BAC Strikemasters and

Hawker Hunters, but also to assemble and service the
SADC'’s first McDonnell Douglas A-4 Skyhawks. But
with the US pullout from Vietnam, Lockheed, which
had also supported US forces, found its revenue
greatly reduced. It could not sustain its business in
Singapore.

A group of logistics officers from MINDEF
believed it would be in the best interests of Singapore
to develop its own capability in this area. However,
they also recognised the usefulness of outsourced
service providers. They persuaded MINDEF to set
up a local company to do this. MINDEF also saw
the potential in the regional aerospace industry
- something only a commercial company could take
advantage of.

As one of the gateways to Asia, Singapore had the
potential to become a major air transport hub. It was
already a very important sea port. Air communications
would have a significant role to play in Singapore’s

development.
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(Opposite)

A-4s galore in the
SAMCO hangar.

SAMCO is Born

Singapore  Aerospace Maintenance  Company
(SAMCO) was formed in 1975 to take over this two-
pronged role. At the time, there was a serious shortage
of highly skilled labour in Singapore, especially in an
emerging industry like aerospace, so SAMCO also
took under its wing some of the technicians and
engineers from Lockheed Aircraft Services.

Patrick Wong Yeok Yeok, former Head of Air
Engineering Department (AED) in the SADC, was
given $3 million in capital to start the company and he
quickly acquired hangar facilities. SAMCO immediately
got to work, taking over from where Lockheed left off.

Meanwhile, Singapore Airlines (SIA) had also set
up its own engine overhaul facility. The Singapore
Airlines Engine Overhaul Base started in 1974 to take
care of its jetliner engines.

In 1977, Singapore Aero Engine Overhaul Limited
(SAEOL) was formed - a joint venture between
Sheng-Li Holding Company Private Limited
(Sheng-Li), the government’s holding company, and
SIA, to overhaul the aircraft engines of SIA and the

Republic of Singapore Air Force (RSAF).

Thomas Jeyaseelan of ST Aerospace’s Engineering
& Development Centre (EDC) joined in 1980. He
remembered the early days vividly.

“We had our operating headquarters in West
Camp, Seletar. It was small, with a total staff strength
of 15, led by an assistant manager. The maintenance
activity in the company - for the RSAF’s fleet and the
US Navy and Marines KC-130F/R aircraft - was
supported by an in-house hydraulics shop, tyre and fuel
cells repair bay, engine shop, battery shop and paint
shop. The company also had a well-equipped sheet
metal shop mainly producing aircraft repair parts. In all,

there could have been less than 800 staff.”

Start Small, Think Big

All four business divisions of ST Engineering today
- ST Aerospace, ST Electronics, ST Kinetics and
ST Marine - had very humble beginnings.

Subject to market discipline and under obligation
to commit their initially meagre resources to military
work first, it might have seemed to an informed outsider
that these little companies had no way to grow. Yet

grow they did - if not without pain.
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Rough Waters
As Southeast Asian economies grew, there was
ample work for local yards and SSE was no
exception, especially after it won the missile
gunboat contract.

But the oil crisis of 1974 changed the outlook,
even though the yard’s reputation had earned it
several important orders. The RSN had ordered a
few logistics vessels, but budget priority was now
with the new air force and the RSN had no other
work for SSE. The yard began a four-year decline
that took it to the verge of financial collapse. There
were also ongoing problems between management
and labour.

Then SSE made a mistake in 1978, when it badly
underbid a contract for a series of 10 cargo container
vessels for a consortium of European owners.
The banks considered calling their loans.

Sheng-Li had been set up in 1974 as a holding
company for all defence-related companies. Kua
Hong Pak, who had been handpicked by Dr Goh to
be the Managing Director of Sheng-Li, was given

the concurrent appointment of Managing Director

of SSE in 1979. Pooling funds from the other
companies in the group, Sheng-Li injected fresh
capital into SSE. A team from the RSN followed

Mr Kua into SSE, and together they turned around

the ailing yard in a single year.

Setting a New Course

SSE began to move more aggressively into the
commercial market, offering its own designs.
Mr Kua built a pool of top-grade engineers for SSE.
He also introduced a variable bonus scheme to raise
productivity and improve employee commitment.

By 1981, the yard was clearly back on an even
keel, winning a major contract for three 120m cargo
container vessels for Hellenic Lines, a Greek company.
It was one of the largest contracts for a local yard
then. SSE scored another significant achievement

when it delivered the vessels ahead of schedule.

Taking It to the Next Level
When Philip Yeo took over as Chairman in 1984, his
aim was to take SSE global. To break away from the

pack, SSE acquired a Computer-Aided Design and



(Above, Lto R)

1. SSE was the first yard
in Asia to acquire the
CAD/CAM system.

2. The Victory Class
missile corvettes.

3. The 400 TEU RoRo/
LoLo container vessel
for Tropical Shipping
and Construction was
completely designed
and built by SSE.

Computer-Aided Manufacturing system (CAD/CAM).

The first Asian yard to harness the power of this

system, SSE gave its team of top-grade engineers a
“force multiplier”.

The RSN awarded another contract to SSE and
its technology partner, Lurssen, to build six missile
corvettes. These 62m vessels, hard-hitting and fast-
moving, stood at the apex of the RSN’s fleet at the
time. One would be built in Germany and the other
five in Singapore.

The second half of the 1980s saw SSE extending
its high-tech edge to build innovative vessels like the
Tiger 40 Hovercraft, the first of its kind to be built in

Singapore.

World Class

In 1991, the yard beat stiff competition from US,
European and Japanese yards to win a contract
to build two 400 TEU RoRo/LoLo vessels for the
US-based Tropical Shipping and Construction.
These vessels, the Tropic Tide and Tropic
Sun, were designed completely by SSE’s naval

architects. When they were delivered in 1993,

the owner praised the vessels as “unique in the
world ... moulded from imagination to reality by
exceptionally creative and capable talents of the
SSE team and their exceptional computer-design
facility”.

SSE’s capabilities took another step forward
when the RSN gave it the contract to do outfitting
and maintenance work on its mine counter-measure
vessels which involved glass-reinforced plastic.

Global recognition did not come just from
contracts. It came also in the form of an ISO 9001
Certification by Lloyd’s Register Quality Assurance
(UK) Ltd. SSE was the first shipyard outside Western
Europe to receive this stamp of excellence.

Technology transfer through MINDEF’s systems
integration teams had helped SSE greatly but by
1993, SSE was ready to go it alone. The yard won the
contract to design and build 12 patrol vessels of 556m
length for the RSN. SSE now had its own weapons
integration capability and could deliver ready-to-go
vessels completely equipped with anti-submarine and
anti-air suites, electronic warfare systems as well as

complex weapon systems like the Harpoon missile.
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(Opposite)

Hull cleaning, a laborious
but essential step in ship
maintenance.

Buying Time

When the British withdrew completely, business from
the US Navy could not make up for the Royal Navy’s
withdrawal. Managing Director K.A. Middleton started
an aviation electronics service, creating two wings - a
general engineering wing and an aviation wing.

These meant that SEEL could serve private,
charter and military customers. All this business kept
SEEL just above water, but it could hardly be described
as a profitable concern. By 1973, SEEL was in deep
trouble. Twenty people had to be retrenched and SEEL
even had to sell some of its assets in 1974.

H.J. Middeldorp from Philips Holland was sent
in as the new Managing Director. He diversified SEEL
into the distribution and maintenance of electronic
products. It was a move to buy time, but it later
helped SEEL when it moved into systems integration.
However, part of SEEL’s problem was the substantial
cost of management. Thus, when Philips’ contract
as managing agent expired in early 1976, it was not

renewed.

Local Hero

Lim Ming Seong, who was then the project director of
the missile gunboat project at MINDEF, was appointed
general manager of SEEL. With the backing of Cheong
Quee Wah at MINDEF, Mr Lim was seconded to SEEL in
October 1975. By then, management and labour were
no longer talking.

“I met Peter Vincent, then President of the
Singapore Electronic & Engineering Company
Employees Union,” said Mr Lim. “I think Vincent pitied
me. He saw me as another local guy and perhaps
more committed. | could work with him. | gave the
union more things they needed, like scholarships for
their children.”

In the end, SEEL still had to retrench people. It
was a painful moment for Mr Lim. He still remembers
exactly how many - 14 men in all.

Mr Lim was not alone in his fight to save SEEL.
Mr Cheong, on his part, tried to convince the new air
force and the navy to use SEELs services. The local

aerospace industry was also starting up. A Systems
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(Above)

Changi Airport was
the first large-scale
systems integration
project for the private
sector.

division in the Engineering department was started, as
well as an Aircraft Electrical Overhaul shop at Seletar
Air Base. By 1977, SEEL had become profitable.

Time to Grow

SEEL was soon to do its part for Singapore again
in another significant way. In 1978, SEEL won the
contract to do the Building Automation System for the
new Changi International Airport.

“One of our managers had a very commercial
bent, a non-defence outlook. So we tried for the
Changi project. There was a main German supplier
and we were the local partner. Now, if we had just
sold the equipment to Changi, we would have made
perhaps 5 to 10 per cent profit. But because we took it
on as a project, we made 25 per cent,” said Mr Lim.

SEEL also moved to a new home - a custom-built
complex in Ang Mo Kio that expanded its engineering
capabilities.

Support from the military came in two essential
ways, when MINDEF decided to outsource the
running of the Electronic Supply and Maintenance

Base in 1981 and the Central Missile Supply Base in

1983. These would provide SEEL with steady income.

With the successful completion of the Changi
Airport project under its belt, SEEL set up a joint
venture with a German company to create computer-
based systems for industrial tasks. SEEL survived
longer than the joint-venture partner’s parent
company, but while the partnership lasted, it provided
SEEL with electronic systems for major infrastructural
projects. This gave a significant boost to SEELs

capabilities.

Pruning the Tree
In mid-1982, to rationalise the defence industries,
Sheng-Li merged SEELs Aviation Division with
SAMCO'’s aircraft component repair business into
a new company, Singapore Aero-Components
Overhaul (SACO). SEEL would still deal with land-
based electronics systems. Because of its aviation
capabilities, SEEL itself was placed under Singapore
Aircraft Industries (SAl), formed in 1980.

From this point, SEEL focused on major systems
integration services. It went into non-defence areas

such as building automation systems, like Changi



Airport’'s, and automated

carpark management

systems. It started making the components of these
systems as well.

SEEL did not go completely commercial, however.
Among the important projects developed for the
military were flight simulators and support for radar
and weapon systems for the air force, and support
for the navy’s communications systems, navigational
aids and fire control systems. The navy’s Combat
Information Centre (CIC) for the corvettes was also
supported by SEEL.

In 1986, a new joint-venture company, Singapore
Engineering Software (SES), was formed between
SEEL and the Swedish company, Ericsson Radio
Systems AB. The joint venture would build more
engineering depth, especially in software development
for real-time command and control. In the long run, it
would enable SEEL to tap into Ericsson’s access to

world markets.

New Name, Sharper Focus
In 1995, SEEL took on a new name - ST Electronics and

Engineering. ST E&E began acquiring the electronic

(LtoR)

1, 2, Technicians carry
out tests on special
communications
systems.

3. Electronics are central
in runway lighting
systems at Changi
International Airport.

systems integration businesses of other companies in
the ST group. The business now focused on providing
the brains, sensors and nerves of fighting systems as

well as the buildings and machines of everyday life.

Better, Faster, Stronger

Meanwhile, the quality of CIS’s 5.56mm ball rounds
eventually convinced the Swiss weapon manufacturer,
Oerlikon Machine Tool Works, to commission CIS
to produce a large order of 35mm anti-aircraft
ammunition. It provided a key step up in the world
of ordnance manufacturing. Over CIS’s early years,
foreign ordnance manufacturers turned to CIS to
handle licence-manufacturing or subcontracted work.
In the process, CIS’s engineers and technicians learnt

to develop and produce munitions of various calibres.

The Big Guns
Ordnance Development and Engineering (ODE) was
started in 1973 to give Singapore the ability to design
and build its own big guns in the future.

The year 1973 also saw the setting up of Allied
Ordnance Company of Singapore (AOS) in partnership
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The FH88 was unveiled
in November 1988 when
the Singapore Artillery
received the first batch of
indigenously-designed
165mm field howitzers.

(LtoR)

1. A technician inspecting
the upgraded 40mm

L70 NADM 330 naval air
defence gun.

2. The 120mm Super Rapid
Advanced Mortar System
has the lowest recoil force
in the world today.

with Bofors of Sweden, to make and sell quick-firing
anti-aircraft (40mm) and naval guns (57mm) and their
munitions and fuzes. When Bofors pulled out of the
partnership in 1988, AOS became a wholly-owned CIS
company.

While AOS learnt from Bofors, ODE learnt by
studying weapons that Singapore already had. Added
to the knowledge gained from working with Oerlikon,
ODE was well-equipped to take the long, hard road of
weapon development.

SAF units today use many of ODE’s products,
such as the 40mm Automatic Grenade Launcher and
various sizes of mortars, including a 120mm mortar
with the lowest recoil force in the world today.

ODE also produced Singapore’s first howitzer, the
FH88, delivered in 1988. Designed to be crewed by fewer
men, the FH88 was complemented by the FH2000, the
world’s first military-fielded 52 calibre 155mm howitzer.
ODE then developed the Primus, a fully digitised
39 calibre 155mm tracked-based self-propelled
howitzer, providing equal mobility and firepower to
others which are significantly larger and heavier.

This was followed by the Pegasus, the world’s first
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39 calibre 155mm howitzer with self-propel capabilities

that can be airlifted by helicopter into the battle zone.

Is the Sky the Limit?

SAMCO was created in 1975 to support Singapore’s air
force. In 1977, SAMAERO Co Pte Ltd was formed as
a joint venture between Société Nationale Industrielle
Aerospatiale (SNIAS) of France and SAMCO.
SAMAERO’s job was to sell spare parts and tools for
helicopters as well as support SNIAS products and the
distribution of the Super Puma and Ecurueil helicopters.
SAMAERO was renamed Eurocopter South East Asia
(ESEA) in 2000.

By 1982, SAl had bought over SIA’s share of
SAEOL.

SAl became the first umbrella company that SACO,
SAMCO, SAMAERO and SAEOL had come under. The
main subsidiaries would later be renamed ST Aerospace
Systems (STA Systems), ST Aerospace Engineering
(STA Engineering), ST Aerospace Engines (STA Engines)
and ST Aerospace Supplies (STA Supplies).

A turning point came when ST Aviation Services

Company (SASCO) was formed in 1990 to join the foray

(Lto R)

1,2, 3. Singapore
Aircraft Industries
‘was the first
‘company that
housed all the o

into commercial work and spread overseas with the
setup of ST Mobile Aerospace Engineering (MAE) in the
United States.

Today, ST Aerospace and its subsidiaries do far
more commercial than military work, but its first and
primary mission is never forgotten. ST Aerospace
continues its close relationship with the RSAF,
supporting aircraft not just at depot level, but on the
flight line.

This means that whenever and wherever an
RSAF transport squadron goes on a humanitarian,
peacekeeping or training mission, its supporting crew

from ST Aerospace is always there.

Creating Structure

In 1981, MINDEF gave the go-ahead for the regrouping
of companies within Sheng-Li into four main areas
- Aerospace, General Services, Marine and Ordnance.
This, however, was still considered insufficiently
focused. In 1983, Philip Yeo drew up plans for Singapore
Technology Corporation (STC) to bring together the
manufacturing and service capabilities of the ordnance-

related companies. STC became the holding company
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1. The aerospace
group entered
commercial MRO
with the setup of
SASCO in 1990.

| 2.The group
| quickly spread
its wings abroad
with the setup of
~ ST Mobile Aerospace
y Engineering (MAE)
in 1991,
3. Today, customers
like FedEx have their
aircraft serviced in
| the United States and
Singapore.
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The Singapore Defence Industries

Charter

In 1987, BG Lee Hsien Loong, then Second Minister
for Defence, announced the Singapore Defence
Industries (SDI) Charter to Sheng-Li executives.
The Charter defines the role of the SDI, their
relationship with MINDEF and their strategic thrust.
An Executive Committee at Sheng-Li was also
formed, with Philip Yeo as Chairman.

As Sheng-Li's companies grew, the SDI was
necessary to remind the key decision-makers
of their first priority as well as to open up other
possibilities for them. The SDI was, in effect, both
boundary marker and passport to new things.

The Sunburst: A Mark of Identity

Landor Associates was commissioned in
1988 to create a unified corporate identity so
as to improve the group’s positioning in the
international market. After corporate restructuring
and rationalisation, the new corporate identity
and sunburst logo were launched in April 1989
to bring together the diverse companies under
a common logo and the single brand name,
“Singapore Technologies”.

And in line with this name, on 11 May 1990,
Sheng-Li was officially renamed Singapore
Technologies Holdings (STH).

Going Public!

In 1990 BG Lee Hsien Loong, then Second
Minister for Defence, announced that some
component companies of STH would go public.
The aerospace and marine companies went
first, followed by the electronics and automotive
companies the following year. The response was
so enthusiastic that the initial public offerings
were over 100 times oversubscribed. Subsequent
listings of other ST companies would also see the
same response.
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for CIS (weapons and munitions), SAE (automotives),
ODE (weapon and munitions development) and
Unicorn International (defence marketing). Sheng-Li
would continue to be the holding company of STC,
SSE, SAl, SAFE (SAF Enterprises) and SFI (Singapore
Food Industries). More restructurings would follow
the proliferation of companies in both defence and

commercial arenas.

Changing of the Guard: ST Engineering
Sheng-Li was itself renamed Singapore Technologies
Holdings (STH) in 1990. This holding company, held by
Minister for Finance Incorporated, came under Temasek
Holdings in 1994. In 1995, Singapore Technologies Pte
Ltd (STPL), the operational headquarters of Singapore
Technologies, was formed to provide support and
strategic direction to the companies in STH.

In 1997, the 30th anniversary of the start of
Singapore’s defence industry, Singapore Technologies
Engineering was unveiled to the world. This latest
restructuring would merge the defence-related
subsidiaries into four strategic business areas (SBASs):

aerospace, electronics, land systems and marine.
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The companies in these SBAs would naturally be

experts in their own areas, but they would also be able
to rely on companies in the other SBAs to help provide
integrated solutions for both military and commercial
applications.

Lim Ming Seong, who now heads CSE Global
Limited, credits Goh Boon Seong with the idea for this
reorganisation.

“Mr Goh worked for Prime Partners, a company
that helped us with our initial public offerings. He noted
that we were not getting full value from companies
in the group and floated the idea of merging ST
Aerospace, ST Automotive, ST Electronics and ST
Marine to me. This restructuring would maximise the
value of the companies.”

Teo Ming Kian, STPL's non-executive Chairman
from 1997 to 2004, said that restructurings, mergers
and acquisitions were always difficult processes.

“When we did it, we had no illusions about
the difficulty. People will see things from their own
experiences and perspectives. It was a very deliberate
rethinking and reviewing. In the end, people clearly

understood the need for it. If we didn’t have the

A2 Singapore Technologies
<,y Engineering

resources of the whole group, we could not move
ahead. The restructuring allowed individual companies
to leverage on all the capabilities of the group. It’s really
a case of where the whole is greater than the sum of
its parts.”

The merger of ST Engineering companies was
a very clear case of strength in unity. Boon Swan
Foo, former President of SSE and later President of
ST Aerospace, described it as a financial play to bring
the companies together to create enough critical mass

to get big fund managers interested in ST Engineering.

Engine of Change
CEO Tan Pheng Hock said that the creation of
ST Engineering by bringing ST Aerospace,
ST Electronics, ST Kinetics and ST Marine together has
led to significant synergies.

“There are three reasons why we created
ST Engineering. The merger meant that overnight as a
group, we have 3,000 engineers, a much more credible
engineering group. With this number of engineers, we
now have breadth and depth of capabilities to engage

the big boys of the industry and are able to deal with
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Chairman Peter Seah
(third from right)

with Tan Pheng Hock
(second from left),
General (Retired)
James Coburn
(right), Chairman,

VT Systems, and
Board members of
VT Systems.

e

e'[‘,‘
SO

= .J <7

customers more holistically as we now have four
business areas.

“Financially and in terms of capability, the Group
is now in a better position to undertake bigger and
more complex projects. In the process, we also avoid
the duplication of effort in building up capabilities that
straddle more than one SBA.

“For the first time too, we have the scale to
consolidate some of our purchases, like insurance,
and standard items like computers and IT systems.
It also allows us to rationalise things in those areas
that are less industry-driven which have particular
requirements.

“For our customers, it helps us provide integrated
solutions. Electronics capabilities, for example, straddle
all the other three business areas. A recent example is
the network-centric Bionix force. ST Kinetics builds
the vehicles, ST Electronics provides the systems
for command, control and communications - and
intelligence too. The Landing Ship Tank (LST) was by
ST Marine and ST Electronics.”

The integration of the four SBAs also minimises the

effects of business cycles. Mr Tan gave the example of

SARS (Severe Acute Respiratory Syndrome), which in
2003 brought the airline industry almost to a standstill.

“That was a problem that was largely in Asia too,”
he said. “So by growing a global customer base, we are
diversifying our geographical risk.”

Mr Tan is familiar with the human cost of
fluctuating business cycles. Less than a year after
assuming his post as CEO, he had to retrench 460
people in ST Kinetics.

“Many were long serving staff, but | had no choice
as the business environment had changed. It was a
very difficult decision for me. No one knew how much
| agonised over it because | did not show it openly. But
deep inside, | could not accept having to ask staff to
leave. | hope those affected understood why | had to
do it and forgive me.”

But with the combined strength of the diverse
business units in ST Engineering, the Group was ready

to take on the world in a much bigger way.

Going to America
“We also wanted to move away from reliance on

defence contracts and get commercial and build our



US operation,” Mr Boon explained. The United States

was one of the biggest markets for ST Engineering. But
getting in was a challenge.

While the ST Engineering merger made the
whole group much larger with a much bigger market
capitalisation, it was VT Systems, established in 2000,
that Mr Boon described as the “primer” for change.
Although ST Engineering already had a US presence,
through MAE and a sales and procurement office in
Los Angeles, this was just one company providing
maintenance, repair and overhaul (MRO) services
for commercial aircraft, and not the full range of
ST Engineering’s capabilities.

“One of the main projects we used to try to
enter and grow our US market was the Bionix,” said
Mr Boon. “It was a $5 billion contract. Although
we did not win in the end, simply being among the
shortlisted companies had tremendous market value.
The world stopped to watch. It was a courageous
and major marketing effort. We invested $10 million
in it and spent nine months flying up and down. | was
lucky to have BG (NS) Patrick Choy helping me - he’s

an exceptional military officer.”

The ST Engineering team met many US armed
forces commanders, visited bases and discussed
manufacturing possibilities in the United States.
Although the Bionix did not win the contract for the
US Army’s “Interim Armored Vehicle”, the work put in
by the ST Engineering team prepared the ground for the
setting up of VT Systems in 2002.

General (Retired) John G. Coburn is Chairman
and CEO of VT Systems. He joined VT Systems after
retiring in 2001 as Commanding General, US Army
Materiel Command (AMC). The highly decorated officer
was already aware of the small company trying to get
a contract for an armoured vehicle and that they had
done well.

“Congress knew ST Engineering well,” said
General Coburn. “A congressman told me to join
ST Engineering — they’re great people, it's a great
country, he said. A week or two later, another
congressman told me the same thing.”

In his 39 years of service, General Coburn got to
know the leaders of many industries, big and small. The
result was an unrivalled personal network that spanned

political, military and industrial circles. With General
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VT LeeBoy is the industry
leader in the United
States for self-propelled
commercial asphalt
pavers.

Coburn at the helm at VT Systems, ST Engineering was

well poised for its push into the US market.

Buying Halter Marine

A yard in the United States was essential as US
law - the Jones Act - requires that any ship that plies
between US ports must be built in the United States
and crewed by US citizens. Having a US yard like
VT Halter Marine meant that ST Engineering would be
able to meet the requirements of the Jones Act.

BG (Retired) Boyd E. King, CEO of VT Halter
Marine, joined when the yard was acquired by
VT Systems in 2002.

“Change is always very hard - especially of
this magnitude,” said BG King. “But thanks to
ST Marine’s work, a lot of the apprehension was
ameliorated. ST Engineering had a reputation for
taking care of people and recognising its workforce

and demanding high standards.”

Buying Miltope
Miltope was owned by a Swedish company with a

holding company in New York.

“They decided that Miltope was different since
they were into cellphones and Miltope was into
computers,” said BG (Retired) Thomas R. Dickinson,
the CEO of VT Miltope, which builds ruggedised
computers for military applications. VT Miltope also
builds other computing components that go into
aircraft and other vehicles.

For VT Miltope, the change in parent company
meant that it was now part of a global corporation
that had branches all over the world. This added to
their reputation as well as the stability of having the
financial backing of a stable organisation.

“With ST Engineering’s reach into the global
markets, we were able to push our products to parts
of the world we've never been before,” said General

Dickinson.

Buying LeeBoy

VT LeeBoy makes road construction and maintenance
equipment for smaller roads. It has 60 per cent of the
US market for commercial class pavers and wants to
take that global. Owned by an equity firm, LeeBoy was
sold to VT Systems in June 2006.
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“My people were very excited,” said President and
CEOQ Kalvin (Kelly) Majeskie. A family-owned business
till 2000, VT LeeBoy’s employees are from the area
around the facilities and are steeped in tradition.

“They were a little apprehensive at first,” said
Mr Majeskie. “But I've lived in Singapore, so | could tell
them about the culture in Singapore — how business
people there were smart and good. ST Engineering
would be a partner who could provide direction and

opportunities in the global market.”

Buying iDirect
ST Engineering acquired iDirect, a US-based leading
maker of two-way Internet protocol-based broadband
satellite networking solutions, in 2005.

iDirect’s customer base includes over 100
companies in the telecommunications services, oil
and gas, construction and marine industries, as
well as government agencies. Founded in 1994, it
has corporate headquarters in Herndon, Virginia,
and offices in Canada, the United Arab Emirates,
the United Kingdom, Italy, Hong Kong SAR and

Singapore. iDirect also covers Latin America. iDirect

was named number one in the Deloitte & Touche
Virginia Technology Fast 50 list of the fastest-growing
US technology companies in 2005.

“iDirect extends ST Electronics’ presence in the
United States and propels us ahead as a leading
global satcom solutions provider,” said Seah Moon
Ming, President of ST Electronics and Co-Chairman
of iDirect. “We now have a comprehensive satcom
product offering with the integration of iDirect’s
satcom network equipment and our existing satcom
front-end transceiver, marketed under our established
Agilis brand.”

Buying MAK Technologies

Intent on growing its simulation technology,
ST Electronics acquired 80 per cent of US-based MAK
Technologies, Inc. in 2006.

Rapid technology advancements have accelerated
the convergence of simulation and digital media
technologies, for example in games and animation.

MAK Technologies, as a frontrunner in incorporating

(Opposite)
iDirect provides

satellite networking
solutions.
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1, Suzhou, China, may

be famous for its canals,
but its roads are just as
smooth-flowing, thanks
to the Suzhou City Traffic
Management system
installed by ST Electronics.

2. Guangzhou MRT system
benefits from ST Electronics
automatic fare collection
system.

games technologies into simulation technologies, will
further spur ST Electronics’ thrust into the digital media

business. The acquisition also provides a channel for

ST Electronics to commercialise and distribute its

complementary simulation intellectual property.

As Warren Katz, CEO, and John Morrison, CTO
of MAK Technologies, put it, “We're pleased to
become a part of the ST Engineering Group because
ST Engineering has significant intellectual property in
the simulation space that we intend to commercialise
and make available to our over 400 customers. This will
both help our company grow faster, as well as provide a

wider selection of more fully featured products.”

Growing in China
China is a producer and a market the world cannot

ignore. ST Aerospace and ST Electronics were among

P the first of the companies to make business forays into
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for the Jin Mao Building in 1998, ST Electronics grew
and now has presence in Beijing, Chengdu, Guangzhou,
Hangzhou, Hong Kong, Qingdao, Shanghai, Shenyang,
Shenzhen and Yichun.

ST Electronics continues to develop its business
in China in the areas of satellite communications,
intelligent transportation systems, MRT solutions,
public safety and e-Government solutions and
intelligent buildings and homes as its core business
in China. It became the first Singapore company to be
awarded a major infrastructure project for the Beijing
Olympics 2008 when it won a contract to implement
an Integrated Traffic Command Centre System that will
provide central control for the rapidly growing Beijing
mass transit network.

Partners in China

Guizhou Jonyang Kinetics (GJK) is a case of two willing
parties looking for each other. ST Engineering was
keen to expand its global presence, while Guiyang
City Industrial Investment Holding Corporation
(GIIHC) wanted to take itself to greater heights.
GIIHC’s President, Fang Chong Ping, was an expert

in excavators and had read a lot in trade magazines

about a company called ST Kinetics. He was impressed
by ST Kinetics’ long-term view of things as well as
their long experience. Eventually, both sides agreed
to set up a joint-venture company which was officially
established in 2005. It is ST Kinetics’ biggest joint
venture in China to date.

Workers of the former state-owned enterprise
were initially taken aback by the demands of the new
management style, but quickly adjusted to the new
working conditions. Turnover and profit for 2005 was
double that of 2004, before the joint venture. Smaller
companies to which GJK outsourced work also
benefited from its success, as did other supporting
industries. And to top it all, GJK received an award in
2007 from the municipal government for being one of
the best-managed companies in the area.

“We know that ST Kinetics is enhancing its global
presence and we are a test case in China,” said
Mr Fang. “So we can really help with our insight and
experience. With us, ST Kinetics will also have a better
understanding of the trends of China’s economic

development and potential markets.”



(Left)

GJK designs,
manufactures and
distributes a range
of wheeled and
tracked hydraulic
excavators, as

well as customised
specialty machinery
and vehicles.

Besides GJK, ST Kinetics has another joint-
venture company, Beijing Zhonghuan Kinetics (BZK),
incorporated in 2004, that designs and produces
off-road dump trucks for the mining industry. Again,

transformation similar to GJK’s was evident.

Growing Global
ST Electronics had been selling its Agilis brand VSAT

(Very Small Aperture Terminal) equipment worldwide,
and marketing and manufacturing in China even
before the more recent push into the United States
and China.

Likewise, ST Aerospace, which started its first
move overseas in 1990 through the setup of MAE in the
United States and ventured into the United Kingdom
to establish Airline Rotables Limited (ARL), continued
to grow its global MRO network. It continued its work
in China, setting up a joint-venture company with
China Eastern Airlines called Shanghai Technologies
Aerospace Company (STARCO), acquired a majority
share of SAS Component (SAS Airlines’ component
repair company) and, in 2006, set up a new aircraft

maintenance facility in Panama.

All This Is Ours

Siow Keng Cheng, former President of
ST Electronics’ Asia Pacific Operations, first
joined the company in 1972,

“Singapore was not really developed in
the area of electronics when | started work.
An electrical and electronics engineer had
only two choices - work with broadcasting or
telecommunications equipment. But in the
1970s, the electronics industry began to stir
with Texas Instruments and National coming
to Singapore.

“| could have joined an MNC, but there's
more satisfaction in seeing a local company
succeed simply because it is our own, We
contribute there, we belong, we have a
better future. If it had been run by our old-
style towkays, | would have had a different
view of things. But this was a government-
linked company so the scope of work was a
lot bigger. With an MNC, you won't have the
same sense of ownership, but with a local
company like ST Electronics, you do. We are
Singaporeans, this is a Singapore company,
you are free to make decisions, start up new
businesses, go abroad to work.

“Many of my colleagues were also pulled
in from the armed forces. They had a certain
sense of discipline about them already. They
were committed and trustworthy, much better
than just sommeone off the street or fresh from
school. They had the grounding and loyalty
to the country. You cannot put a measure on
something like that.

“I think we are all proud to have
contributed and helped make ST Engineering
what it is now.”
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It has been more a case of “growing global”
and not just “going global” in the 21st century.
Each new company, joint venture, facility, factory,
representative office or distributor does more than add
to ST Engineering’s capabilities and bottom line.

Leveraging on the same communications
technology they bring the world, ST Engineering is also
using the synergy that results from a global workforce.

“Development work can actually take place
24/7,” said CEO Tan Pheng Hock. “In the case of
the Passenger-to-Freighter conversion plans, when
Singapore sleeps, the US is at work. Everything is done
through information technology. Teams on both sides
share the same database and software.”

But what is being shared across global
boundaries is more than just hardware and software.
ST Engineering’s core values of Integrity, Value
Creation, Courage, Commitment and Compassion are
now being propagated through its acquired companies
and joint-venture partners around the world. It adds
up to a global team that a customer can count on to
deliver consistently excellent quality in both products

and services under the ST Engineering banner.

(Lto R)

1. ST Aerospace expands
into China through a
joint venture with China
Eastern Airlines.

2. STARCO, the joint-
venture company,

provides aerospace
MRO for civil aircraft.

3. ST Aerospace further
increased its global
footprint with the
acquisition of

SAS Component

in 2006.
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Creating Value
by Having Values

It is not unusual for a company to have
a set of Vision, Mission and Values and
ST Engineering is no exception. What
makes ST Engineering’s VMV special are
its Values, which have been shaped over
the last 40 years as professionals - and
just as people.

Vision and Mission are mutable, as
Lionel Guow pointed out.

“The Mission and Vision are the
direction set by our management and
leadership in order to align and focus
our efforts. This can change over time in
order for the company to stay relevant
in a changing business environment.
However, the guidance provided by the
set of core values is timeless and will be
relevant always.”

When asked to identify which part
of the VMV strikes them most, staff most
often refer to the values. And more than
one said that it was more than just a set
of company values. It was also a good
set of values to live by. There could be no
better endorsement for a set of company
values.

ST Engineering’s values are:

Integrity - The integrity of an
organisation is the pillar of long-term
success, and its foundation lies in
our people. It is the sum total of the
individual traits of honesty, dedication,
and responsibility as professionals and
co-workers in a common enterprise of
creating value and bringing positive
contributions towards a better world.

Value Creation - As individuals, as
companies, and as countries, we must
bring value to do what we do, not just
once, but consistently. It is a part of the
quest to enhance quality of life through
constant thought and application of
effort. As individuals we may be good,
but with teamwork we can muiltiply the
value we bring.

Courage - To try for the seemingly
impossible, to break the mould and to
start over again, to look at issues and
at ourselves dispassionately, to take
responsibility for failure, to take the

future into our hands and to contribute
to that small bit of change for the better.
Courage overcomes the fear of change,
promotes out-of-box thinking and
hence, innovation and creativity.
Commitment - Commitment is
the spirit that drives energies positively
against seemingly impossible odds to
achieve extraordinary results. It sustains
the drive and keeps our standards flying.
Compassion - In our drive
to succeed as individuals and
organisations, we will fail fo bring value
to others unless we empathise with and
support others in need. Organisations do
not have compassion - only people do.
A true act of compassion must come as
a direct gift from the individual.

Balancing Profits
and Principles

ST Engineering’s Board of Directors

takes the value system one step further,
applying them in the way it oversees the
Group’s operations.

Compliance with the laws of
Singapore or a host country is not just a
matter of form. The Board believes that
the spirit of those laws must be adhered
to when putting systems and processes in
place for self-regulation.

Transparency, timely disclosure and
accountability are what it takes to deliver
good leadership, effective strategy and
robust performance. Open debate and
objectivity are the norm when decisions
have to be taken.

Besides doing business ethically,
which is a given, the Group also seeks
to be a good corporate citizen
wherever it operates. Safety, care for
the environment, corporate governance
and transparency, education, and
support for the arts and sports - even
assisting in emergencies - are some
ways ST Engineering can contribute
to its host community. Demonstrating
sensitivity and respect for people,
communities and the environment, the
Group knows that business can never be
just about profit.



“The most important quality
| have observed here is
compassion. One of the
maijor reasons | am with the
company is because of the
selflessness of colleagues
who willingly encourage
each other, help each
other and teach each
other. That is a culture that
money cannot buy.”

Fiona Loke

Engineer, ST Electronics
(Info-Comm Systems)

“Courage strikes me as
the most important of our
values, as my current work
requires me to deal with
the exploration of new
technologies, research
and development, and
to make business sense
out of them. Failures bring
guidance and courage
brings success.”

Jimmy Chan

Principal Engineer, Kinetics Design
& Development, ST Kinetics

“Some of the most
important lessons | have
learnt throughout my
years with ST Electronics
were those of courage
and persistence
(commitment). More
than often, it was not only
the experience or even
the right expertise that
made things happen. It
was always the ‘can-do’
and ‘never-say-die’ spirit
that helped us realise the
visions (our missions),
and survive and carry
through the hardest of
challenges.”

Lee Wee Song

General Manager, ST Electronics
(Thailand)

“| enjoy every moment
of my work because
everyone from CEO to
workers treats me with
respect. The company
has also been a
generous employer.”

Mohd Yusoff B Mohd Arif

Driver, Advanced Material
Engineering, ST Kinetics

“What strikes me most

is the vision of being
‘world class’. We live
this out on a daily basis
as we find ourselves
partnering with and, at
other times, competing
with companies that
are broadly considered
to be ‘world class’. This
can be seen in some of
ST Electronics’ project
wins in recent years
where we have had to
bid against other well-
respected multinational
corporations. Through
our share of successes
and failures, we are
continually learning how
to do business more
competitively in the
global economy.”

Kevin Cheng

Deputy Director, Homeland
Security Division, ST Electronics
(Info-Software Systems)

“I would rate Integrity as
the most significant value
that a company must
have to achieve its vision.
It is this value that will fuel
the company to greater
heights. | always believe
that people with the
correct value set are the
most important assets of
the company and should
always be valued. In the
course of work, there are
customers who always
give us the first right of

refusal for any requirements

or problems that they
may have. | always see
customers’ problems

as opportunities for our
business. | consider this a

value that we should always

cherish and maintain.”

G. Selvaraqj

Manager, Defence Business,
ST Electronics (Info-Comm Systems)

“What moves me most
about the company is
its values. Compassion,
integrity, value creation,
commitment and
courage. These are
humanistic qualities that
make us a better people.
| am learning to live out
such qualities in my life.”
Gladys Ratnam

Library Officer, Quality Assurance
department, STA Engines






(LtoR)

1. STAR China is set to
capture the vehicle
maintenance market,
a growing business as
affluence increases.

2. Rudder work being
done on a ship.

3. The Group has a
diverse base of aviation
customers - airfreight
operators, air forces and
airlines.

4. Trains depend on

electronic systems fo run
on time.

he bringing together of ST Engineering’s disparate companies into a unified
Tgroup clearly has advantages for the Group and its individual members. More
importantly, the integration serves the needs of the customer, providing a “one-stop
centre” for many vital services and products. It saves the customer effort, time and
money. And when the work is recurrent, like maintenance, this convenience and
economy can add up to significant savings in time and money in the long term.

However, the unity of ST Engineering’s many subsidiaries involves much more
than one-stop convenience for customers. It is a philosophy that runs deep through
the Group and extends to how staff work with each other and how the Group works
with customers. It should not be surprising though, given the Group’s reason
for existence - to support the SAF and MINDEF in developing and maintaining
Singapore’s capability for self-defence.

ST Engineering is a united Group that provides its customers and people

support all the way.

CHAPTER TWO

Within and Between...

In ST Engineering, there must of course be integration between the companies
in an SBA - Aerospace, Electronics, Land Systems or Marine. Integration, for the
Group, is not only within each sector, but across sectors as well. The Group can
draw on skill sets and solutions across all sectors, as exemplified by the Landing
Ship Tank project, to provide military and commercial customers with fully integrated

solutions.

...and Abroad

Overseas subsidiaries are part of the family. But crossing international boundaries
also means crossing the lines of local customs, language and corporate cultures.
Many subsidiaries are new members of the family, but the Group is working towards

being a truly global company, where employees will be internationally mobile,
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Merger Created
Opportunities

“The merger of Temasek
Holding companies in
aviation, electronics, land
systems and marine sectors
into ST Engineering and

the formation/acquisition

of many new overseas
companies have led to
phenomenal growth.

The changes created new
challenges and opportunities
for me and my colleagues.
Engineers were faced

with a lot more choices

to move ahead either in
technical or management
areas, in Singapore or in
oversedas ventures. Numerous
collaborative programmes
and partnerships with reputed
overseas companies opened
up challenging opportunities
for professional and career
development.”

Thomas Jeyaseelan

Chief Engineer (Structures),
ST Aerospace’s in-house
Engineering & Development Centre

The Group is
located in key
aviation hubs

to support
customers
worldwide.






(Opposite)

ST Aerospace works
closely with customers
to minimise their

cost of ownership by
improving turnaround
time and maintenance
lifecycles.

thanks to integration. Although this has still to happen,
the SBAs have already made inroads into global
integration. For example, both American and Chinese
subsidiaries are working to open up markets for each
other’s products as well as combining capabilities to

create new products and services.

With Suppliers and Partners

The close relationship extends also to suppliers and
partners. Long-term relationships are forged with
reliable partners - or partners who find ST Engineering
reliable. Aircraft-maker Boeing, for example, has
grown close ties with ST Aerospace, and today
trusts ST Aerospace not just with the maintenance
and conversion of its passenger aircraft such as the
MD-11
ST Aerospace to develop the supplemental type

and Boeing 767, but also works with

certificate for the conversion of its Boeing 757
aircraft.

The Group also takes pride in being a great systems
integrator, one of its long-standing capabilities. Using
different subsystems from a wide range of suppliers,

the Group makes all of these systems work together

= = = i
1 ¥Y\Z T

harmoniously to provide tailor-made solutions for
customers. Integration with suppliers translates into a

multitude of possibilities for customers.

Working with the Customer

ST Engineering’s people do not just work for a customer
- they work with a customer too. This integration is
focused on giving the customer the best services and
products possible. This is especially important, given
the nature of ST Engineering’s products and services,
to fulfil their very specific requirements.

This is the kind of integration that ST Engineering
veterans are most familiar with, thanks to the Group’s
long-standing relationship with the SAF and MINDEF.
ST Engineering’s military roots are present in every
sector it works in. Beginning with the maintenance of
SAF’s vehicles, RSAF’s first aircraft and SAF’s radio
communications sets, ST Engineering has grown into a
global company with more of its revenue coming from
commercial sources than from the military. But serving
the military was the central purpose of ST Engineering’s
pioneer companies and today, the Group carries on

this. fine tradition of military support. The military
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(Opposite)

The Group is committed
to always look at
quality from customers’
perspective.

(LtoR)

also benefits from ST Engineering’s commercial work.
The Group taps on commercial technology, using off-

the-shelf systems, subsystems and best practices.

Keeping Aircraft Flying Safely

“We Keep Aircraft Flying Safely”. It is a simple
statement painted in large letters on hangar walls, but
it says everything about ST Aerospace’s commitment
to quality work. It is this rudimentary philosophy that
has taken ST Aerospace from its humble beginnings
in providing depot maintenance to the RSAF, through
its evolution to offer maintenance, repair and overhaul
(MRO) services for commercial aircraft operators in
1990. Today, it has established itself in key hubs in
the Asia Pacific, Europe and the Americas. Its present
global customer base includes many of the world’s
advanced military forces, major airlines, leading air
freight operators and low-cost carriers.

ST Aerospace is the world’s largest airframe MRO
provider, with an annual commercial airframe capacity
of more than eight million man-hours.

Aircraft

Maintenance and Modification (AMM) and Component

Through its operational divisions,

1, 2, 3. Every work
process - be it on an
aircraft structure, engine
or any component

- is critical. At far left,

a CFM56 engine is
being readied for a
performance test in one
of STA Engines’ testcells.

and Engine Total Support (CETS), the aerospace group
of companies supports line and base maintenance,
engine and component maintenance, and engineering
and material management services for a wide range
of aircraft types, including technical services and
maintenance planning for aircraft operators.

The company also provides diverse aircraft
component management and support services,
including warehouse and material
Aircraft-On-Ground (AOG)

support, aircraft parts trading, aircraft operating

management,
spares and service
lease and Original Equipment Manufacturer (OEM)
representation.

Leveraging on the integration of these broad-
based capabilities from AMM and CETS, ST Aerospace
presents customers Total Aviation Support (TAS™) - or
its one-stop centre solution — offering high quality,
value-added and flexible solutions to meet customers’
aviation maintenance and engineering needs. From
depot-level maintenance, interior refurbishment,
systems integration and retrofits to test flight support
services, customers get a comprehensively seamless

experience.
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ST Aerospace the

ongoing patronage

of leading aircraft

operators,
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Delivering on-time and value-added support,
ST Aerospace is the choice of many operators because
its level of service and quality improves turnaround
time and maintenance lifecycles. ST Aerospace
mitigates aircraft down time and maximises financial

potential for customers.

Maintenance-By-the-Hour

“You would think the more often an aircraft comes in
for maintenance, the better for the MRO company,”
said Ho Yuen Sang, Deputy President of ST Aerospace.
“But with the Maintenance-By-the-Hour (MBH™)
scheme, the MRO company is paid for every hour the
aircraft can be operated before it comes in again. This
means that the better we do our job, the more we get
paid - and the less we have to do.

“So we must manage the asset properly. A
maintenance plan is usually prepared by the airline,
not by the MRO company. However, some operators
may not have the resources to do this, for example,
low-cost carriers. As the MRO provider, we keep
track for them and provide them with a list of tasks to

be carried out when the aircraft is sent in to us.”

Anticipating Needs
“Our technical services people study defects, reliability

and so on, and work out the time to failure so that they
can anticipate the failures and change the components
before they fail,” said Mr Ho. “Catching it before failure
saves cost and facilitates planning. So today, an airline
does not need to tell us when or what to do. We can
help them plan their maintenance schedules.

“With today’s need for high utilisation of aircraft,
an airline cannot afford to have its aircraft grounded
for too long. We've worked out a system of equalised
checks - instead of a hundred tasks to be carried out
over five full days, we now divide the hundred tasks
into ten packages, each of which we can do overnight
when the aircraft is on a layover. This really helps us
to support low-cost carriers and new start-ups more

effectively.”

Combat Wings

ST Aerospace’s revenue today comes more from the
commercial than the military market, but it is still a
company that is deeply integrated into the RSAF.

The RSAF’s key assets - its aircraft and their avionics



The Group continually
updates and upgrades
its people to deliver the
highest quality services
to customers.

Upgrade Everyone

Philip Lee Soon Fatt, Service Engineer,
STA Systems, still remembers how, in
2000, the Group wanted to computerise
many of its corporate services functions.
To help every staff member become
computer-literate, they had to ensure
everyone had some form of training
and practice.

“So they gave us computers,” said
Mr Lee. “Every one of us got $2,500
to buy computers and peripherals.

This was Boon Swan Foo's idea, And
because of that, many of us finally
learnt how to use a computer, Every
one of the 3,000-plus staff got that
money for computers, even the newly-
employed ones.”

Today, everyone in the organisation
is computer-literate, thanks to the
educational system’s emphasis on this
- and ST Engineering'’s willingness to
support its staff. It also gave the families
of staff access to computers - vital in
Singapore’s drive to make every citizen
computer-literate,

“On the issue of training - we do a
lot of that in-house, with some overseas
training and development stints,”
said Mr Lee. “It's difficult fo get trained
people in our field. Today, we have a
good mix of nationalities - Chinese
nationals, Filipinos, Indian nationals,
Hongkongers. We also train staff
from other facilities, for example, the
Shanghai side will be sending men over
to us for training.”



Serving Customers
Wherever They Need Us

ST Mobile Aerospace Engineering
(MAE) is a facility based in Mobile,
Alabama, USA. Situated at the Brookley
Industrial Complex, MAE specialises
in the heavy maintenance and
modification of commercial narrow-
body and wide-body aircraft. MAE
was the first commercial operation in
ST Aerospace’s group of companies
outside of Singapore. It is renowned
for its expertise in PTF conversions,
including Boeing 727, Boeing 747
Combi, Boeing 757, MD-10 and DC-10,

and a specialist in heavy maintenance.

San Antonio Aerospace (SAA),
located at the San Antonio
International Airport in Texas, USA,
provides maintenance services,

interior retrofit and reconfiguration,
structural component repair and
overhaul as well as avionics upgrade
services for a wide range of commercial
narrow-body and wide-body aircraft, as
well as regional jets.

Shanghai Technologies Aerospace
Company (STARCO), ST Aerospace’s
foray into China in 2004, is a joint venture
between ST Aerospace<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>