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Foreword

From Head Air Force Inspectorate

We might not realise it, but whenever we do
well in our daily work tasks, no matter how
minor a task it might be, we contribute
significantly to two of our RSAF core values:
Team Excellence and Safety. It could be the
maintenance serviceman being vigilant in his
servicing tasks to check for any anomalies on
the aircraft; the ATC controller providing flight
information to the aircrew to look out for
incoming
traffic;
aircrew
utilising
Crew
Resource Management (CRM) to manage the
flight effectively and safely; base personnel
checking that their vehicle tyres are clear
of Foreign Object Debris before entering the
runway. We each have our own unique roles and
part to play in ensuring that we can continue to
achieve the RSAF missions safely.
In this issue of FOCUS, we look at some of these
parts that help to ensure the overall safety in
the RSAF. We start off with CPT Rajendram from
143 SQN sharing with us his personal experience
when the F-16 he was piloting experienced a loss
of thrust during his departure into the training
area, and how he subsequently recovered safely
despite encountering unfavourable weather.

engine compressor stall inflight, which required
a shutdown and relight of the engine. Their strong
fundamentals and rigorous training ensured
that they were calm and decisive to handle the
emergency well that day.
In the fourth article, ME6 Tan from 806 SQN
discusses about safety in aviation maintenance,
and how we can avoid falling into the
“Dirty Dozen” trap and be the strongest link
in accident prevention.
To conclude, I will like to quote from the ICAO
Accident Prevention Manual which I highlighted
at last year’s RSAF Annual Safety Conference:
“Complacency or false sense of security should
not be allowed to be developed as a result
of long periods without an accident or serious
incidents. An organisation with a good safety
record is not necessarily a safe organisation”.

ME4 Tay from 508 SQN then shares with us the
secrets and science of something we seemingly
take for granted: the development and
maintenance of the runway, and how his SQN
play their part in ensuring the runway operability
and safety for the RSAF.

Over long periods of good safety record, there is
a natural tendency for us to think that our
safety systems and culture are strongly in place
and hence, be lulled into a sense of complacency.
The margin for error in the aviation business is
small and we must remind ourselves that we
must constantly be vigilant while performing
our tasks and never be complacent. I urge
everyone to play your part in safety, as it is the
collective effort and commitment of every single
personnel that ultimately helps the RSAF to
achieve Mission Success, Safety Always.

CPT Soh from 142 SQN and MAJ Wan from
AFTC then recount their harrowing experiences
in Canada when their Hawk aircraft suffered an

Head Air Force Inspectorate

COL Yew Heng Siong
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Mayday! Engine Malfunction!
CPT Dinesh Rajendram
Pilot
143 SQN

Introduction
Most engine emergencies that we practise in
the simulators are obvious in nature. Warning or
caution lights will illuminate almost immediately
in the Heads-Up Display and cockpit, while the
Aircraft Warning System, also known as Betty,
will chime away, alerting the pilot of the
impending danger. However, on that eventful
day, the symptoms of the emergency I faced
were inconspicuous.

When airborne, I raised the landing gear handle
and waited for the landing gear to fully retract.
This was when I observed the first signs of trouble.
For normal afterburner take-offs, the gear will be
fully retracted when the aircraft accelerates past
approximately 250kts. That day, however, the
gear was fully retracted at only 220kts. The jet
was still accelerating, albeit at a marginally
slower rate.

Sequence of Events

The next observation I saw was during the turn
towards a southerly heading. Normally, the
aircraft’s nose would be about 10 to 15 degrees
above the horizon while climbing at 300kts.
My aircraft was instead climbing at only seven
to eight degrees. I suspected something was
not right and quickly scanned my RPM gauge,
noting that it was showing 95%, 2% below
the normal 97%.

It was planned to be a routine training flight
mission in the South China Sea on 20 Dec 2018.
Taking the runway at Tengah Air Base for
take-off, I engaged the afterburners and the F-16
accelerated away, with my wingman following
suit. Everything seemed normal.
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These signs, while abnormal, were somewhat
unnoticeable and insignificant. However, about
a minute later, two caution messages illuminated
on the Pilot Fault List Display (PFLD), confirming
that I had an engine-related emergency. Looking
down at the PFLD, I saw the messages “Engine
Thrust Low” and “Engine Afterburner Fail”. Apart
from the messages in the PFLD, no other
warning lights or aural tones occurred.
I pushed out the ‘Mayday’ call and pointed towards
Sudong, the closest divert for dire emergencies.
At just over 10nm away from Tengah, I left my
power up and continued my slow climb to arrive
within gliding range of Sudong. My wingman
responded promptly over the radios as he made
an expeditious join up to provide support.
Levelling off above 10,000ft over Sudong, I knew
that should the engine flameout, I would be able

to glide my aircraft to land safely. Unfortunately,
there were clouds obscuring the airfield, and
I asked for my wingman to descend and assess
the weather as I referred to my emergency
checklist. At the same time, the Squadron Executive
Officer (SXO) came on the radios to ask me about
my emergency situation. I replied that while I
had an engine malfunction, it was not dire at
the point in time as the aircraft could still sustain
flight, albeit with lower thrust.
After a brief discussion over the radios, I decided
that the best option was to track to the then
newly-reopened Runway 3 at Changi Air Base,
due to its longer runway length (13,000ft
compared to Sudong’s 6,800ft) and my high
aircraft gross weight, coupled with the
unfavourable weather over Sudong. I informed
ATC of my plan and started a gradual climb
towards Changi.
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As I arrived over Changi, the
weather was marginally better,
and with the aid of my avionics,
I was confident that I could
conduct a Simulated Flame Out
approach and land the aircraft
safely. With my wingman still in
chase, I commenced the approach,
broke clear of clouds at 4,000ft
and 4nm from the airfield. From
then, the landing was uneventful
and I proceeded to shut down
the aircraft after taxiing clear
at the end of the runway. My
wingman ensured that I had
safely landed in Changi before
departing back to Tengah Air
Base.

6
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Reflections
As I shut down and climbed out of the
aircraft, I reflected on the rigorous emergency
handling training that I had received over
the years which prepared me to deal with
the situation calmly and safely. Although my
wingman was a very junior pilot in the
F-16 at the time of the incident, he provided
excellent support throughout the entire
incident - another testament to the rigorous
training that we received. If not for the good
Crew Resource Management between the
controlling agencies, SXO, my wingman and
I, the situation could have become more
complicated and potentially dire. While no
pilot will ever want to be caught in an
emergency like this, I am thankful that I can
learn from this and share my experience
with others.

ABOUT THE AUTHOR
CPT Dinesh Rajendram is an F-16
Fighter Pilot from 143 SQN. He
has a total of 900 flying hours, out
of which 600 are on the F-16C/D.
He graduated from the NATO Flying
Training in Canada (NTFC) in 2015,
and was posted to 143 SQN after
completing his F-16 conversion in
Tucson, Arizona.
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Secrets to Run way Success
A

ME4 Tay Jun Hao
Air Force Engineer
508 SQN

Introduction
It is no surprise that the spotlight on the RSAF is
usually cast on our aircraft and cutting-edge weapon
systems. On the other hand, little attention is paid
to the seemingly dull and grey pavement on the
airfield. To the layman, there seems to be little or
no difference between an airfield pavement and
the road pavement we travel on during our daily
commutes. It would therefore be difficult for the
uninitiated to truly understand and appreciate the
science behind the airfield pavement. In actual fact,
the runway is more than just an oversized road
pavement. Despite being the single largest piece
of infrastructure in the air base, a lot of attention
is placed even on the smallest details during the
design and maintenance of the runway – nothing
which affects the RSAF’s operational requirements
is left to chance. With the recent re-opening of
Runway 3 in Changi Air Base to expand the size
of its runway and the resurfacing of Tengah Air
Base’s runway to extend its runway lifespan, it may
well be worth to take a look at how the airfield
pavement is designed, as well as how its quality
and standards are maintained to ensure the safety
and success of the RSAF’s flying operations.
					

Structure of an Airfield Pavement
A simple excavation of the runway would uncover
surprising facts – an airfield pavement is actually
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more than 2 metres thick and is made up of
four layers beneath the ground. The thickest
and lowest layer is a compressed layer known as
the subgrade, followed by the subbase layer,
which together provides the strong foundation
of the pavement. Above the subbase layer is the
base layer, and finally the topmost layer is the
surface that is made up of either asphalt or
concrete, or a combination of both. These two
types of materials have stark differences in
costs, functions and runway performances. Asphalt
pavements are commonly termed as flexible
pavements because they are designed to deform
vertically under load and recover to the original
shape and level upon load release. In contrast,
concrete runways are termed rigid as they are
designed to withstand any deformation during
loading.

Cross Section of a Typical Pavement Construction. Adapted from
“Airfield Pavement Maintenance Manual”, by Department of
Defence, Australian Government, 2015, p. 12. Copyright 2020 by
Commonwealth of Australia. https://www.defence.gov.au

ARTICLE

Ensuring a Safe and Operational
Runway Design
The main functions of a runway are to (1) provide
sufficient friction for prevention of long aircraft
braking distances, and (2) minimise aircraft dynamic
response during travel to reduce the risk of premature
equipment failure due to bumps and/or resonance.
To accomplish these, pavement characteristics such
as pavement roughness, texture, grooving, and
degree of slope are varied to achieve the desired
outcomes.
Pavement Roughness
Pavement roughness can be described by both
surface irregularities and profile roughness. Surface
irregularities typically happen over relatively
short distances on the airfield pavement and can
cause single event bumps. Such occurrences
may cause wheel hop and damage aircraft
suspension systems, adding stress on other critical
components, thereby increasing the risk of
premature failure. Excessive and constant vibrations
in the cockpit may cause pilots to lose focus on their
instruments and shift their attention away from
the controls during take-off or landing. Surface
irregularities also inhibit the application of
steady brake pressure, which can be the crucial
difference between a safe landing and a runway
overrun.

Profile roughness refers to the spaced variations
of the surface irregularities over a relatively long
pavement length that can cause vibrations or
continuous large wavelength bumps. Over time,
the frequency responses of aircraft to these
vibrations may lead to component fatigue.
Depending on the aircraft’s characteristics and
operating speed, a poorly designed and
constructed runway could cause an aircraft to
experience harmonic resonance and component
damage. For the resurfacing of Changi Runway 3,
an asphalt-aggregate mixture known as Hot
Mix Asphalt Concrete was used. Moreover, this
temperature resistant and flexible material was
paved using specialised equipment to maintain
consistent surface evenness and friction. To
ensure an adequate profile roughness on
Runway 3, unacceptable levels of bumps are
detected using the Boeing Bump Index test and
subsequently corrected. The test is a widely
used standard developed by the US Federal
Aviation Administration that evaluates pavement
longitudinal profiles.
Pavement Texture, Grooving and Slope
Pavement texture differs from pavement roughness,
but plays an equally important role for an ideal
runway by defining the surface’s friction
characteristics. This can be assessed on two levels:
micro-texture – which refers to the fine texture
of the immediate pavement surface – and macro-
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texture, which refers to the unevenness of
the pavement surface over a relatively larger
wavelength. In dry conditions, the pavement
micro-texture has significant influences on tyrepavement interaction. However, in wet conditions,
the pavement macro-texture provides critical
friction to facilitate the draining of water from
the tyre-pavement surface at high velocities.
This helps to prevent hydroplaning, a situation
when a layer of water forms between the aircraft
tyre and the runway surface, causing the aircraft
to skid. Even painted areas on pavement surfaces
have special friction requirements, which are
often achieved by adding a small amount of
silica sand to the paint mix to enhance the
skid-resistance properties of the painted surface.
Grooving is another method used to create
good dynamic water drainage capabilities. This
concept involves cutting evenly spaced transverse
grooves on the pavement surface to facilitate
rain water drainage beneath the tyres of landing
aircraft, thereby creating more friction. The
effectiveness is established by varying the size
of the grooves and the spacing between them.
As Singapore is under the mercy of torrential
rainfall during many periods of the year, it is
particularly important that the adequacy of
runway water drainage capabilities is able to
withstand high levels of precipitation. In addition,
runways constructed with an adequate degree
of transverse slope, which are hardly visible
to the naked eye, help prevent stagnant pools
of water from forming on the pavement surface.
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Inadequate design and maintenance could lead to stagnant water
puddles on runways

Pavement Bearing Strength
Similar to how aircraft airworthiness is overseen
by many international standards, airfield
pavements are also governed by International
Civil Aviation Organisation standards to ensure
both consistency and quality in design, evaluation
and maintenance practices. Pavement Classification
Number (PCN) is one such standardised
quantitative evaluation that provides an indication
of the load carrying capacity and strength of
any pavement for unrestricted operations. This
number is used in conjunction with the Aircraft
Classification Number (ACN), which is another
standardised quantitative value that expresses
the relative effect of an aircraft on a pavement
of specified sub-grade strength. To ensure that
the pavement is able to provide adequate
support for a particular aircraft, the general rule
is for the ACN to be smaller than the PCN. In
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such cases, the aircraft can operate without any
weight restrictions on that pavement. However,
if the ACN exceeds the PCN, the aircraft can
only operate on that pavement with approval
from the airfield authority or at a reduced weight
configuration. Overall, pavement standards not
only clearly distinguish the types of aircraft
suitable for each particular pavement to prevent
unsuitable or overweight aircraft landings on a
runway, they also ensure runways are not
subjected to overloading, thus prolonging their
lifespan.

Continuous Effort in Keeping
our Runways Safe
Pavement Maintenance
The life of the runway does not depend solely on
a good design and construction quality, but also
on well-planned pavement maintenance. As the
runway is subject to harsh elements, coupled
with repetitive wheel loads by both aircraft and
land vehicles, the following can occur – minor
settlements, surface cracks, potholes, ravelling,
fading of line markings, water ponding, and
weed growth. Such defects, if not nipped in the
bud, have the potential to develop into bigger
problems requiring major repairs, thereby
affecting the functional performance of the
pavement. The maintenance of the runway can
therefore be no less rigorous than that for an
aircraft. The Tower Control squadrons and the
Air Base Civil Engineering (ACE) squadrons would

together detect these aforementioned defects
on the pavement - the Tower Control squadrons
conduct multiple airfield inspections each day
to pick up anomalies and coordinate with the
ACE squadrons for technical assessments and
expeditious remedial actions.
Other continuous efforts include periodic friction
tests that are performed to ensure that the
runway friction levels have not degraded.
Unsatisfactory friction test results are often
attributable to the build-up of rubber deposits
from aircraft tyres. If left untreated, the macro
texture of the runway is affected and becomes a
safety concern. For such cases, regular pavement
de-rubberisation would be able to reinstate
the frictional characteristics of the pavement
surface.
Lastly, to ensure the longevity of runways, joint
sealants are used to prevent the infiltration of
surface water and solid substances into the layers
beneath the pavement surface; this in turn prevents
the potentially adverse outcomes of faulting
or spalling. Joint sealants are usually applied
between concrete slabs in concretised areas.
These sealants are specially chosen in consideration
of their elastomeric material properties which
offer resiliency and tensile strength. Under the
punishing midday heat, their properties allow
them to become soft and conform in accordance
to pavement expansion. These sealants are also
used for crack repair on asphalt runways to protect
the sub-surface layers from water infiltration.

Adapted from “Runway Grooving Specialists”, by Veidekke Industri AS, Airfield Solutions.
http://www.airport-suppliers.com/supplier/veidekke-industri-airfield-solutions/
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Foreign Object Debris (FOD) Control
Apart from maintenance, FOD control is
another critical factor that contributes to
the readiness and safety of the runway.
Base personnel perform routine FOD walks
along airfield pavements to ensure that
there are no potential hazards that can
impair safe aircraft operations and at the
same time, inculcate the spirit of safety
and shared responsibility in all personnel.
This spirit was well-portrayed when 3SG
(NS) Yeo Poh Meng from 508 SQN spotted
two rust spots along Runway 3 back in

Oct 2018. Upon closer inspection, the
spots were the two ends of a metallic
bar embedded within the pavement. This
warranted a need for a more comprehensive
metal detection exercise along the entire
runway and led to the eventual discovery
and removal of a further 99 pieces of
embedded metal pieces. These metal
pieces had the potential to dislodge after
prolonged aircraft operations and result
in FOD hazards. Such keen attention to
details and vigilance of our personnel to
ensure safe runway operations is indeed
commendable!

Hard-to-notice rust spots (top), which were in fact ends of a 19cm metal rod (bottom), spotted by 3SG (NS) Yeo Poh Meng

This example reveals the one key secret in
sustaining a safe and operational runway,
which is the strong safety culture in the
RSAF. However, instilling this core value in
every serviceman does not happen overnight.
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Emphasis by the management, as well as
a strong stance on safety in all operations
and maintenance tasks, help drive the
overarching objective of developing a strong
safety culture among all personnel. Timely

ARTICLE
open reporting of incidents and lessons
learnt, such as FOD or airfield incursion
incidents, also play a crucial role in
educating our servicemen on the importance
of staying committed in adhering to safe
work practices. Additionally, safety awards
are also given to those who display good
safety behaviours, like in the case for 3SG
(NS) Yeo Poh Meng. Most importantly, it is
the collective effort and commitment of every
serviceman which ultimately helps the RSAF
achieve “Mission Success, Safety Always”.

Conclusion
Supporting all flying operations in the
RSAF, the runway must be ready when
airpower is required. Much science and
effort therefore goes into the design
and construction of this important asset.
In addition, constant maintenance and
improvement works incorporating the latest
developments in material science and
engineering are performed by teams of
dedicated servicemen and servicewomen
to ensure our airfields continue to deliver
under various situations. Now that you
know the secrets behind a runway’s
runaway success, I hope that you will
leave with a newfound appreciation for
this behemoth of civil engineering within
all our air bases.

ABOUT THE AUTHOR
ME4 Tay Jun Hao is an Air Force
Engineer by vocation and holds
the appointment of Officer-InCharge, Infrastructure & Systems
Recovery Flight in 508 SQN. He
graduated in 2018 from Imperial
College London with Masters
in Advanced Mechanical
Engineering.
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An Aircraft Compressor Stall
MAJ Augustine Wan
Qualified Flying Instructor
AFTC

On 27 Feb 2019, the NATO Flight Training in
Canada (NFTC) training programme saw two of
our RSAF personnel caught in a critical
aircraft emergency requiring proficient aircraft
handling and piloting skill, which thereafter
concluded in a safe and efficient recovery.
The incident crew were MAJ Augustine Wan
(Instructor Pilot and RSAF Senior National
Representative), in the rear cockpit, and CPT Soh
Jiaming (Student Pilot), in the front. The crew
were leading a 2-ship formation for a Basic Fighter
Manoeuvre mission in the training area when
they experienced a compressor stall, which later
required an airborne shut down and relight of
the engine.
“It was definitely an unforgettable experience.
The Hawk is a single-engine jet, so the severity of
having to shut down the engine inflight is

14
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CPT Soh Jiaming
Pilot
142 SQN

something any pilot would understand”, stated
MAJ Wan. MAJ Wan is an experienced fighter
pilot whose career had put him through both the
operational and training world - where he was
a CAT A F-16 instructor pilot and 2-seasoned
member of the RSAF Black Knights aerobatic
team with over 2000 F-16 flying hours and 1300
instructional hours.
During the incident, MAJ Wan was the pilot in
control as he was towing for their wingman in
an air-to-air training sortie. The aircraft was at
9,000ft above ground level (AGL) with 10° nose
up, flying at 250kts when MAJ Wan rolled the
aircraft to 135° Angle of Bank and pulled 2Gs
smoothly down to a 10° nose down attitude.
The crew then heard an extremely loud bang
from the engine, followed by flashing warning
lights and repeated audio warnings – indicating
excessively high engine turbine temperatures.

ARTICLE

“At that point, it felt like one of the many
emergency simulator missions I had flown. There
was no time for me to absorb the reality of the
situation, just enough for me to do what I had
been trained many times to do. Maintain aircraft
control, assess the situation and carry out the
appropriate emergency response.” said MAJ Wan.
					
MAJ Wan swiftly recovered the aircraft to level
flight and called a “Knock-it-off”, which means an
immediate cessation of the training sortie. He then
paused momentarily to assess the situation, and
carried out the Critical Action Procedures, which
entailed setting the throttle at idle and checking the
engine temperature before relighting the engine.
All these were done while CPT Soh provided good
inter-cockpit Crew Resource Management by
monitoring parameters throughout the entirety
of the emergency, and verifying the procedures
and actions undertaken by MAJ Wan.

CPT Soh quipped, “It probably felt more real to
me than MAJ Wan. As I was not in control of the
aircraft, I had time to soak up all that was
happening with the aircraft. The fear was real.
I remembered looking out and saw that we
were nowhere visibly near to any divert airfield,
with the thought of ejection in the back of my
mind. All I could do was to make sure MAJ Wan
did all his checks correctly and not miss out on
any procedures or parameters.”
With limited avionics left and the aircraft slowly
descending through 6,000ft AGL, MAJ Wan
quickly confirmed the direction to Cold
Lake Air Base with his wingman. With the
Situation Awareness of where they were and
an engine that seemed to be spooling up, MAJ
Wan opportunely turned the aircraft towards
Cold Lake Air Base and both crew waited for
what seemed to be the “longest 15 seconds

JAN 2020
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in their life” for the engine to come
back alive. Thankfully, the engine successfully
relit. With fear of further complications,
MAJ Wan climbed to optimum height for
a Precautionary Forced Landing (PFL) with
a fixed power setting. From his experience
with PFLs from flying the F-16s and Hawk,
MAJ Wan elected to have additional buffer
to his recovery altitude due to the strong
upper level winds, to provide him with
more options for recovery to the airfield. The
incident concluded with a successful execution
of a Straight-In PFL with touch down
just aft of 500 feet past the runway
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threshold and the aircraft shut down on the
taxiway without further incident.
Both aircrew were unharmed and later shared
their experience as well as valuable personal
insights with the entire squadron.
CPT Soh, who is now back to flying and
continuing his training in the RSAF said, “I was
definitely a little fearful right after the emotional
event. But now after reviewing and reflecting
on this incident, I am certainly more confident
than ever in being able to handle such an
emergency if it were ever to happen again.”
					

ARTICLE
MAJ Wan concluded by re-emphasising to his
trainees, “Trust your training. The RSAF will
equip you with the right set of skills and a
high level of proficiency.”
The successful handling of this critical airborne
emergency can be credited to MAJ Wan’s
vast experience and strong competency, as
well as the crew’s overall calmness and
decisiveness in handling the situation safely.
Both MAJ Wan and CPT Soh were commended
for their proficiency and decisiveness in
this incident and were awarded the RSAF
Outstanding Safety Award.

ABOUT THE AUTHOR
MAJ Augustine Wan (right) is
currently the RSAF Senior National
Representative at NFTC. He is
also a Standards Check Pilot in a
Royal Canadian Air Force tactical
squadron and has more than
3600 flying hours, of which more
than 2 000 flying hours are on the
F-16 Fighting Falcon. He was a twotime Black Knights display pilot
in 2008 and 2013, and also held
instructional appointments in 130
SQN and 140 SQN.
CPT Soh Jiaming (left) is a
Fighter Pilot in 142 SQN currently
undergoing conversion on the
F-15SG. His previous platforms
included the CT-155 Hawk and
the PC-21. He graduated best in
his course from the 42nd NFTC prior
to his current stint in 142 SQN.
He currently holds a Bachelor of
Engineering in Aeronautical
Engineering from the Singapore
Institute of Technology.
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Safety in Aviation Maintenance
ME6 Tan Pau Siang
Commanding Officer
806 SQN
What is Safety in Aviation
Maintenance?
On 10 Mar 2019, as I was driving along
the expressway, I heard the news of a
Boeing 737 MAX 8 aircraft from Ethiopian
Airlines crashing near the town of Bishoftu
shortly after taking off, killing all 157 people
on board. The first question that struck
my mind was, “Could this be a result of
maintenance error?” Drawing a parallel to

18
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the crash, if a car was to break down in
the middle of an expressway, the worst
outcome would be a massive traffic jam.
However, if an aircraft was to break down
during flight, the outcome could be
catastrophic with large number of fatalities
and damage to property. This tragic accident
is a stark reminder to us that aviation business
is inherently risky and unforgiving. Universally
recognised, one of the essential ingredients
to make flying safer is good aviation
maintenance.

ARTICLE

Aviation maintenance is not limited to just
performing physical maintenance tasks on
the aircraft. For instance, a simple task of
removing a panel from an aircraft would
begin by reading the technical manuals to
refresh on how the task should be performed,
followed by booking out the relevant tools
and consumables required. All these would
have to be completed before the technician
would proceed to conduct the actual task
on the aircraft in the flight line dispersal.
Whilst on the aircraft, the technician would
have to climb up the aircraft safely and
follow the instructions in accordance to
the technical manual from whichever space
he would be at, which could be at a
height, in a confined space or even under

adverse weather conditions. After completing
the actual task, he would account for
his tools, document the task carried out
in the logbook and finally return all the
tools before declaring the job was fully
completed.
Based on this simple example, it is obvious
that the technician’s mindfulness and focus
during all these processes are crucial.
Each technician performs differently under
different operating conditions, hence it is
impossible to predict when errors could
occur during one’s maintenance task.
However, we can adopt an approach to
identify and correct the errors, and hence
preventing the consequences from happening.
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Human - The Strongest and yet
also the Weakest Link
Between 1960 and 1990, studies had shown that
12 to 15% of accidents were largely contributed
by maintenance errors. According to the Federal
Aviation Authority, approximately 80% of lapses
committed in maintenance were a result of
Human Factors (HF).
A technician’s psychological and physiological
states are important factors to ensure all aviation
maintenance tasks are completed safely. HF can
be defined as the causal factor which disrupts
one’s state of mind, resulting in the degradation
of their ability to perform their task efficiently
and safely. Gordon Dupont developed a
concept of “The Dirty Dozen” in 1993 and
it has since been widely used in HF in
Maintenance (HFIM) training courses worldwide.
The RSAF also promotes “The Dirty Dozen”
holistically so that they are internalised in all of
our engineers to guard against some of the
possible human errors.
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Gordon Dupont’s “Dirty Dozen”

ARTICLE

Based on ground incidents reported in the
RSAF Safety Information System for the past
three years, approximately 70% of them were
contributed by three of the Dirty Dozens,
namely Complacency, Lack of Awareness and
Norms. The occurrences of these incidents can
be seen across the spectrum of maintenance
tasks, and these incidents have led to
unsafe conditions, injury to personnel or
even damage to assets.
Complacency can be described as a feeling
of satisfaction or confidence in the tasking,
and when one sub-consciously decides to
be less vigilant, only seeing what he or she
expects to see. This is usually a result of
performing routine or mundane tasks.
Without finding any faults each time the
task is performed, it may lead an individual
to perceive the task as easy and safe. With
a “no fault” assumption, the technician
may have a higher tendency to omit or skip
certain steps in the maintenance manual.
Complacency can be combatted by training

personnel to be critical in identifying faults
and hazards, building stressors in the checklist
to heighten awareness, and to imbue a
mentality of not assuming things will be the
same all the time and instead, do the routine
tasks every time as though it is their first.
One classic case of falling in the trap of
complacency is assuming things will be right
all the time!
Norms are developed over a long period of
time, through experiences and at times due
to certain workplace cultures. Though these
practices may allow quicker resolution of
problems and are perceived to be efficient,
these norms are unwritten rules most of the
time, which may not comply with the stated
procedures and instructions. It is important
to follow technical manual procedures as
they are formulated based on comprehensive
assessments, unlike norms developed through
experience, which may not have been assessed
against all potential hazards and thus may
not have adequate risk controls in place.
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Therefore, a norm that may have existed in
the last ten years may not guarantee a safe
year ahead. Tackling norms can be done
at the individual or supervisory level. At the
individual level, we can empower personnel
to be assertive towards any peer pressure and
encourage them to highlight unsafe norms
for assessment and review them with the
management. At the supervisory level, they
must be well-versed with their operations
and take responsibility to understand their
people. Supervisors must walk the ground
to question their people on safety
procedures and maintenance processes
to sieve out any unsafe practices, and take
active steps to remove or mitigate them.
Lack of awareness is usually a result of
the other HF issues such as stress, fatigue,
complacency, pressure and distraction.
Maintaining high awareness does not only
constitute of being aware and having
a full picture of the current situation, it
also involves one to be able to foresee
any undesirable outcomes downstream in
time. Compared to the other two factors,
overcoming lack of awareness may be the
toughest, as it is not possible for one to be
able to foresee all possible outcomes and
this will even be more challenging for
our junior engineers. Thus, it is important
that supervisors continue to share HF
incidents and accidents to raise awareness
and engineers must look out for one another

22

FOCUS - ISSUE 102

to correct any at-risk behaviour observed and
positively reinforce safe work habits.
Similar to these three “Dirty Dozens”, the other
nine have their own set of definitions, causal
factors, impacts, and methods of prevention.
Although the other nine factors are not
elaborated in this article, it is important for
us to fully comprehend and address them to
ensure our people do not fall prey to it.

Cleaning the Dirt from the
Dozen
Safety Promotion is a major element in our
RSAF Safety Management System to ensure
our technicians are equipped with the safety
knowledge and are trained and competent
in the safety aspects of their work. It also focuses
on the human aspects in terms of training,
communication and behaviour of people into
building a strong safety culture. It also
encompasses safety initiatives that the unit
undertakes to promote and strengthen
workplace safety. In the RSAF, the Behavioural
Based Safety (BBS) programme is implemented
to prevent Human Factors in Maintenance
through team-based positive reinforcement of
safe behaviours, and elimination of at-risk
behaviours. BBS can be elevated to be more
outward looking, where collective behaviour
of the team would be more influential in
reinforcing safe work habits in the community.

ARTICLE

To further promote BBS, the PEAR model
can be adopted for team members to look
at other external factors to strengthen
safety in maintenance. Looking at such
external factors will enable people to
suggest processes or procedures to reduce
human errors. The PEAR model promotes

four key considerations for BBS programme,
namely,
1) People who do the job
2) Environment in which they work
3) Actions they perform
4) Resources necessary to complete the job
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People: The physiological and psychological
state of technicians can affect their
maintenance works. When performing
team BBS, people can focus on improving
good physical and mental health to improve
maintenance and workplace safety. Some
examples include a simple change in the
allocation of tasks by the supervisor based
on the person’s physical health, mental state
and competence or even planning mandatory
breaks in between their work tasks.
Environment: There are physical and nonphysical environments. Aircraft maintenance
can be carried out in different operating
environments. Exploring ways to improve the
safety of the various physical workplaces,
such as the hangar, ramp, dispersal and
workshop, can remove latent errors that
may contribute to actual errors in time.
Similarly, building a non-physical environment
of an open reporting culture within a unit
will encourage reporting of near misses
to strengthen safety culture.
Action: “Action” refers to work cards,
technical manuals and documentation. The
BBS can include getting the team
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ARTICLE
to explicitly review selected procedures
step by step and identify inefficiencies or
ineffectiveness in them for improvement.
One such example is the “I Read You
Do” programme implemented in 6 Air
Engineering and Logistics Group to improve
maintenance safety and standards.
Resources: The characteristics of people,
environment and actions determine the
resources a technician will require to get the
maintenance done. The resources required
can be both tangible and intangible. Tangible
resources include ground support equipment,
test measurement and diagnostic equipment,
tools, maintenance stands, chemicals,
publications and so on. On the other hand,
intangible resources include qualifications
of technicians, manpower and the time
needed to accomplish a task. For example,
team BBS can be executed by focusing on
identifying the need for additional resources
or improving on less tangible resources to
carry out the maintenance task safely.

Applying the PEAR Model
I shall now use a case study as an example
on how we could apply the PEAR model
to elevate BBS and mitigate HF to
strengthen safety in aviation maintenance.
A helicopter was planned for an engine
ground run to conduct a check on a hydraulic
system power after the replacement of
one of the hydraulic pumps. 15 minutes
into the ground run, the Flight Line Crew
was vigilant to spot fluid leaking from the
starboard side hydraulic bay and alerted
the pilots for an immediate aircraft
shutdown. The fluid was later identified
to be aircraft transmission oil.
Technical investigations revealed that one
of the packings on the replaced hydraulic
pump had shifted and was cut, rendering
it ineffective against oil leaks. It was
postulated that the outer packing had

shifted during installation when the
hydraulic pump was inserted in place into
the transmission accessory gearbox module,
and it was later discovered that this was
likely due to a technician’s complacency
in his work where he was unaware that a
slight misalignment of the pump to the
transmission accessory gearbox would cause
the packings to be shifted, and thereby
lose their sealing capability. Additionally,
space constraints on the hydraulic bay
posed difficulties in ensuring that the
hydraulic pump would be in its correct
alignment during the installation process.
As the packings could not be inspected
after the installation of the pump, the defect
was only picked up during the engine
ground run.
While BBS observations could have identified
and reinforced positive safety behaviours
on the technician to be more careful in
his work, the PEAR model could have
allowed team members to discover these
external factors as well to prevent such
incidents from occurring:
People: Besides solely assigning jobs based
on the available manpower, supervisors could
also look at the physique of their personnel
when assigning jobs to them, especially when
working in a confined space environment
or in constrained areas. Additionally,
psychological factors such as workload,
experience and knowledge of the personnel
could also be taken into consideration as well.
Environment: Improving the safety and
conduciveness of the physical working
environment would remove potential latent
errors. In this instance, regular reviews
of the work environment such as limiting
the number of personnel on the bay to
prevent congestion, or ensuring that work
was conducted in a well-lit area would
ensure that our personnel are able to
conduct their tasks effectively and safely.
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Action: Team members could look at ways
to improve procedures/actions which would
eliminate/mitigate errors and ensure that
the task was carried out safely and effectively.
For example, to ensure a proper alignment
of the hydraulic pump, a look-out man could
be deployed at the side to ensure that the
pump was perpendicular to the plane during
the installation.
Resources: It is crucial that our personnel
have the right resources to ensure that they
can carry out their jobs properly and safely.
These could include tangible resources such as
fabricating a fixture to aid in holding the pump
to its correct position during installation, or
inserting a caution note in the technical
manual to remind our personnel on the potential
watch areas and their consequences. Moreover,
intangible resources such as including a topic
on aircraft maintenance in constrained areas
during the Continual Trade Learning programme
could increase awareness of the problems
and bring up discussions for effective workable
solutions.

Conclusion
Aviation business is inherently risky and statistics
show that through many years of operations, it
is impossible to eradicate maintenance errors
by man. However, it is possible to identify areas
where there is high risk potential of complacency
and breeding of unsafe norms, and correct it
by heightening awareness and minimising the
number of errors and their consequences. A
strong SMS and emphasis on safety promotion
of HFIM programmes, such as continual safety
training and BBS, as well as using the PEAR
model to enhance our BBS programme will
help to nurture a strong safety culture and
enhance safety in aviation maintenance.
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Chief of Air Force Safety Award

On 19 Aug 2019, ME3 Leong Kah Fai was the
PDS IC in charge of PDS 2-4. His role was to
supervise the men under his charge, which
included an Aircraft Red-X, a Weapon Red-X,
three Flight Line Crew Chiefs and two Weapon
Load Crews.
One of the crew chiefs was conducting his walkaround checks as part of the aircraft start-up
checks for an F-15SG. After the aircraft had started
up and the brakes checks were being performed,
hydraulic mist was observed to be forming
under the Left Hand Main Landing Gear (LH MLG)
wheel well area. ME3 Leong, who was supervising
the start-up check, noticed this and reacted
swiftly to evacuate the crew chief from the wheel
well area. Mere moments later, hydraulic fluid
started to gush out from the LH MLG.

The hydraulic fluid line that leaked has a
typical operating temperature and pressure
of 30-35oC and 3000PSI respectively. Exposure
to the hydraulic fluid at such temperatures
and pressures could result in dermatitis
(burning eyes, tearing, and temporary blurring
of vision), and potentially fatal chemical
pneumonitis (coughing, choking, wheezing,
difficulty in breathing, chest congestion,
shortness of breath and/or fever).
ME3 Leong’s quick thinking and actions
helped to prevent the crew chief from
sustaining severe injuries. For his professionalism
and vigilance as a supervisor, ME3 Leong
was awarded the Chief of Air Force Safety
Award.
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CAF Quarterly Safety Forum

Temasek Club
9 Jan 2020

2/19 RSAF Safety Officers’ Course

Air Force Training Command
19 – 29 Nov 2019
AFI conducted the 2/19 RSAF Safety Officers’ Course from 19 to 29 Nov 2019 as part of RSAF’s
ongoing effort to build a strong safety culture. 24 officers, including officers from TNI AU, RBAF,
RMAF and PLAAF successfully completed the course. The course aims to equip all personnel
with the knowledge and tools to contribute towards safety at their respective workplaces.
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Human Factors Management Workshop

Air Force Training Command
21 Nov 2019

Human Factors Awareness Programme

Air Force Training Command
22 Nov 2019

2/19 RSAF Safety Warriors’ Course

Air Force Training Command
6 – 10 Jan 2020
The 2/19 RSAF Safety Warriors’ Course was conducted at AFTC from 6 to 10 Jan 2020.
71 Warrant Officers, Specialists and Military Experts successfully completed the course.
The course aims to equip the participants with knowledge of the current RSAF safety
programmes and initiatives, human factor conditions affecting safety, and workshop safety
and health knowledge for carrying out their safety appointment effectively in their units.
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4 Pics 1 WORD

1

What word can you derive from the 4 pics?

2

We welcome your
feedback,contributions
of safety related stories,
cartoons, suggestions,
experiences or concepts
you could share.
Email us at apb_pub@
defence.gov.sg with
your full name, NRIC,
and contact number.
The images used on this page
are licensed under CC by 2.0,
and links can be accessed
via the digital version of this
issue.

3

4
E D E T D N Y
U M S G C R E

5

6

7

8
T C H T H L E
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1. “Fire Exit”
by Michael
2. “Rushing to the Scene!”
by vonderauvisuals
3. “Medical Evacuation”
by Army Medicine
4. “beach and watersports
area” by Hillary
5. “Tuesday to-do list”
by Stacy Spensley
6. “clipboards”
by Abbey Hendrickson
7. “Note writing”
by Andrew Bowden
8. “P8152865” by
Pussreboots
Permission granted by LOTUM
GmbH to publish 4 Pics 1 WORD
in FOCUS

WIN!

Crossword

S$30

WORTH OF
VOUCHERS!
Email your answers with your
Rank/Name, NRIC, Unit and Contact
details to AFI (ME3 Tan Tee Hoo)
before 10 Apr 2020. All correct entries
will be balloted and 3 winners will
receive S$30 worth of NTUC FairPrice
vouchers each.
The crossword puzzle is open to
all SAF personnel except personnel
from AFI and members of the
FOCUS Editorial Board.

FOCUS 101
WINNERS
PTE Craig Cameron
APD
PTE Sakthivel
HRMC PC

3SG Yeo Teng Wei
AWO SCH
ME1 Kush
NwSF, 819 SQN
ME1 Gian Ping Hwee
203 SQN, ASCG
* Due to the combination of
crossword puzzles for FOCUS
#100 and #101, there were
6 winners for FOCUS #101
instead of 3.

Across

Down

5. responded promptly over the radios as he made
an _______ join up to provide support
6. This was when I observed the first signs of
_______
8. which may not have been assessed against
all potential _______ and thus may not have
adequate risk controls in place
11. it may lead an individual to _______ the task
as easy and safe
13. However, on that eventful day, the symptoms
of the emergency I faced were _______
15. Both aircrew were unharmed and later shared
their experience as well as _______ personal
insights with the entire squadron
16. Universally recognised, one of the essential
_______ to make flying safer is
18. he provided excellent support throughout the
entire incident – another _______ to the rigorous
training that we received
19. so that they are internalised in all of our
engineers to _______ against some of the possible
human errors
20. The first question that _______ my mind was

1. There was no time for me to _______ the reality
of the situation
2. while I had an engine _______, it was not dire
at the point in time
3. With the Situation Awareness of where they
were and an engine that seemed to be _______ up
4. This warranted a need for a more _______
metal detection exercise along the entire runway
7. did all his checks correctly and not miss out on
any _______ or parameters
9. the technician would have to climb up the
aircraft safely and follow the instructions in
_______ to the technical manual
10. Unfortunately, there were clouds _______ the
airfield
12. I hope that you will leave with a newfound
appreciation for this _______ of civil engineering
within all our air bases
14. document the task carried out in the logbook
and finally _______ all the tools
17. _______ experience and strong competency,
as well as the crew’s overall calmness and
decisiveness in handling the situation safely

Answers to page 30: “EMERGENCY” and “CHECKLIST”

PTE Yap Ming Cheng
7AD, CTAB
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