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Foreword

From Head Air Force Inspectorate

The RSAF has done well in the last work year
through the conduct and participation in
numerous operations, exercises, events and HADR
relief efforts all over the world, while at the same
time achieving our safety target of zero accident.
As we head into the new work year amidst
a global COVID-19 pandemic, we will need to
further sharpen our safety instincts especially in
view of the dynamic changes brought about by
the pandemic on our daily operations and training.
In addition, there is also a need to ensure
our servicemen’s fundamentals remained strongly
anchored.
We begin this issue of FOCUS with two of
our servicemen from the recently concluded
Singapore Airshow 2020 sharing with us the
challenges they faced and had to overcome to
ensure that the RSAF’s participation in this year’s
Airshow was a safe and successful one.
In the second article, we give recognition to
two of our NSFs from 205 SQN. 3SG Lee and
3SG Lou displayed excellent safety instincts that
were imbued in them during their training and
daily duties as Air Operations Specialists in the
SQN. Their strong safety instincts encouraged
them to go beyond their scope of duty after
working hours to halt the operations of an errant
crane operator that had infringed the Obstacle
Limitation Surfaces (OLS) template and posed a
safety risk to our flying operations. Their actions
are highly commendable and I encourage each
and every one of us to internalise these safety
attitudes in our line of work.

In the third article, CPT(DR) Seah from AFMS shares
with us a USAF’s Thunderbirds demonstration
training mishap that occurred in 2018 and
highlight to us the risks of G-LOC and the
“push-pull” effect in fighter aircraft flying, and
the countermeasures our fighter aircrew can
adopt to prevent a similar recurrence.
Ensuring Workplace Safety is one of our focus
areas in the new work year and AFI will be
looking closely to see how we can better
protect our servicemen from workplace injuries.
In the last article, ME5 Ng from 5SD discusses
the importance of safety in the warehousing
operations, the potential sources of safety
hazards and challenges the Supply Depots
encounter, and the key safety practices and
technologies adopted by the unit to improve
safety at the workplace.
As we head into a new work year, let us
continue to sharpen our safety instincts and
strive for a safer RSAF. If we all play our parts,
take ownership in our work and look out
for one another’s safety, I believe we will be
able to continue to achieve our zero accident
safety goal. I wish everyone a safe work year
ahead.
Mission Success, Safety Always!

COL Yew Heng Siong

Head Air Force Inspectorate

APR 2020
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Safety at Singapore Airshow
2020
SLTC Peter Ho
Accident Prevention Branch
Air Force Inspectorate

Since its inauguration in 2008, the Singapore
Airshow has been held biennially in Changi
Exhibition Centre (CEC). Every two years,
government officials, military delegations, senior
corporate executives and aviation businesses
arrive in Singapore to attend one of Asia’s
largest airshows to forge partnerships and seal
aviation contracts and deals. The RSAF is a
regular feature at the Singapore Airshow and
this year’s Singapore Airshow 2020 (SA20) saw
the participation of over 400 RSAF personnel,
with aircraft, vehicles and equipment from
the RSAF’s inventory being displayed at
the aerial and static displays to thrill the
audiences and showcase our capabilities.
Ensuring the overall safety of our flyers in the
air and the RSAF team working on the
ground were the Chief Safety Officer for
the Aerial Display team SLTC Peter Ho,
and Head of Safety for the Ground Operations
MAJ Lee Wee Leong. They share with us
their experiences and safety challenges
on the RSAF’s participation at this year’s
SA20.
4
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MAJ Lee Wee Leong
AWO (C3)
208 SQN

Sharing by
Aerial Display Chief Safety Officer,
SLTC Peter Ho
The team started their journey in April 2019
when the concept of the SA20 aerial display
was conceptualised. This year’s SA20 featured
an integrated aerial display comprising one
F-15SG and two AH-64Ds. This is the first time
the RSAF paired one F-15SG with two AH-64Ds
in an aerial display, showcasing the agility of
our F-15SG and the versatility of the AH-64Ds.
As Chief Safety Officer, I worked closely with the
team, comprising the Air Boss, Flying Display
Marshals and aircrew to ensure the overall
safety during the entire journey.
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The Challenges
There were many challenges we faced on the
lead up to the actual days’ aerial displays. One
such challenge the team encountered during
the initial stages was the planning of the flying
profiles to achieve a captivating and exciting
yet safe aerial display. Firstly, there were two
very different aircraft platforms in this year’s
display; one was a high speed agile fighter
aircraft, while the other was a slower speed but
very manoeuvrable attack helicopter. A thrilling
and safe aerial display required all three aircraft
to be able to synchronise and perform together
chronologically and in-sync, ensuring there
would be sufficient safety margins for the
flyers without them being too far apart from
each other, and ultimately deliver a wellorchestrated performance despite the two
differing aircraft platform performances and
capabilities. Hence, meticulous planning of the
speed and flight profiles for these two different
aircraft platforms started very early in the
journey, taking into account the effects of
the jet wake from the F-15SG on the pair of
AH-64Ds manoeuvring in close proximity to
each other. Once these profiles were carefully
designed, the team moved on to schedule and
develop a flying work-up and training plan.

Utilising Simulators
As there were quite a few manoeuvres that
were new and have yet to be performed before
by the aircrew, this was a safety watch area for

the team. To overcome the unfamiliarity, the
new manoeuvres were first practised in the
simulators to allow the aircrew to better
appreciate the challenges and potential
safety pitfalls, and to also familiarise
themselves with the visual perspectives of
the manoeuvres before executing them in
live flying. After accustoming themselves to
the manoeuvres in the simulators, the aircrew
focused on their respective aircraft platforms’
component flying training to hone their
individual skills before progressively integrating
for flying rehearsals.

Flying and Airspace
Challenges
Due to the proximity of CEC aerial display show
area to Changi Airport, there was limited time
and space where our aircrew were able to
conduct their combined rehearsals at the
actual aerial display site due to the multiple
commercial aircraft departing and arriving
in Changi Airport. Hence, flying training
commenced at Pulau Sudong for our aircrew
to gain familiarity with flying with each other,
before the combined rehearsals were conducted
at the CEC aerial display show area during
scheduled timings.
Weather was also one of the safety watch areas
during the rehearsals. Low cloud base and
strong winds affected the flight profile and
controllability of the aircraft. Our aircrew needed
to adapt their flight profiles and manage
challenges to aircraft manoeuvrability, while
myself and Air Boss helped monitor for any
incoming weather that would affect their
APR 2020
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training. Strong winds also posed a challenge
over at the CEC aerial display show area. As
the North Easterly winds tended to blow our
aircraft closer into the show centre, our aircrew
had to cater sufficient spacing and offset for
every flight, depending on how strong the
winds were. This was also done to minimise
the amount of debris from the expended
flares that could be blown into the spectator
stands.
As with most flying display profiles, our aircrew
had to operate near to the limits, with little
room for errors. The team put in a lot of effort
and rehearsed on the ground to make sure that
all the significant interest items for their flights
and key watch areas for each manoeuvre
were identified and discussed.
Despite the detailed preparations, the team
unfortunately still fell prey to human error
during one of the rehearsals when one of our
AH-64D aircrew “over-torqued” the aircraft
while executing a challenging manoeuvre,
resulting in the engine temporarily exceeding
its performance limits. Although nobody was
hurt, the team nonetheless took the issue
seriously. After the incident, the team got
together to analyse what led to the aircrew
making the error in order to prevent its
recurrence, and made it a key watch area
for subsequent rehearsals. The incident just

6
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goes to show the intensity of the flying
display training and how every team member
needed to be on the top of their game at
all times.

What Made It a Success!
During the entire SA20, everyone was raging,
geared up and ready to put on an
exciting performance to thrill the audience.
Nonetheless, safety was still paramount. Watch
areas such as “Guard against complacency”,
“Beware of missionitis and showmanship”
were emphasised and reminded down to
every last person on the ground. Additionally,
to aid our flyers, we streamlined our briefs
to cover only pertinent points, which ensured
our aircrew had adequate rest and preparation
for the next show.
The success of the aerial display was largely
attributed to the strong focus on professionalism,
safety and team excellence. Everyone in
the team was looking out for one another,
carrying out timely team corrections and
sounding out unreservedly at every potential
safety issue that anyone in the team was
facing. All in all, the team did well to
execute an exciting show for everyone that
visited SA20, and I was proud to be part of
the RSAF aerial display team that put up a
successful show for SA20.

ARTICLE
Sharing by
Head Safety for the RSAF SubCommittee, MAJ Lee Wee Leong
My responsibilities entailed ensuring that
the overall ground safety of all the RSAF
personnel from the ground logistics and
movement of the aircraft, and that the public’s
safety were assured whenever they visited the
RSAF’s aircraft static displays.

Detailed Planning from the
Start
Like every RSAF exercise and event, a
Task Safety Analysis (TSA) was required
during the initial planning stages of
the event. In a simple layman definition,
a TSA looks at all the potential risks and
hazards that could occur at the event, and
then analyses each of them by their severity
and likelihood. Together with my RSAF
Sub-Committee members, we developed the
TSA prior to the commencement of the
event, and ensured that we covered all the
potential risks, hazards that could occur
prior, during, and even after the completion
of the event, and their corresponding risk
control measures.
One example of how the TSA was applied
during SA20 was the mitigation of the risk of

heat stress on our personnel. Heat exhaustion
during SA20 was certainly a big concern,
especially for our ground crew working out in
the hot sun. To mitigate the risk of falling prey to
heat stress, sufficient hydration at the stations was
mandated, hourly Wet-Bulb Globe Temperature
(WBGT) readings were broadcasted through our
internal communications channel, and ground
medical support was readily available if required to
respond to any medical emergencies. Additionally,
ensuring adequate rest and timely changeover
of crews, and providing early notifications of
imminent Meteorological Weather Warnings
and Lightning Risks were also measures taken by
the RSAF Sub-Committee team to ensure safety
of our personnel manning the static displays.
Another example was the deployment of
Safety Prefects to walk the showground daily,
to highlight and resolve any potential hazards
to the safety of the show visitors as well as
our own working party.

Towing at Night
While the above example showed some of
the measures that were taken to ensure the
safety of the personnel manning the static
displays during the event, there were also many
aspects of the ground safety before the
commencement and after the completion
of SA20 that needed to be taken care of.
For example, our aircraft on static display
were the result of meticulous planning and

APR 2020
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execution from the Static Display Team. First,
the parking of the aircraft had to be planned
so that it could achieve the best visitor
experience, but at the same time minimise
the noise-related hazards to all personnel
on-site. Next, all the aircraft had to be
towed into Changi Exhibition Centre (CEC)
from CAB(E), and that could only take place
at night in a convoy when the public
road between the two locations were closed.
Ground surveys were done during daytime
before the towing to identify hazards and
ensure that obstructions like lampposts and
speed cameras were removed. During the
convoy towing, extreme care had to be taken
to keep the distance between the train of
aircraft and equipment, while working under
the pressure of time and fatigue. The crew
also had to navigate turns and slopes along
the way, for which we had deployed safety
lookouts to stop the towing if required. Finally,
at CEC, each aircraft had to be towed into

8
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position to be ready for the public viewing.
It was no small task, to which the Static Display
Team deserves full credit for a job well done.

Managing COVID-19
Measures were also implemented as the
COVID-19 virus arrived in Singapore just
prior to the commencement of SA20. To
prevent the spread of this contagious virus,
personnel were reminded not to attend the
event if they had any of the virus symptoms,
and instead to see a doctor immediately and
report to their superiors on the outcome.
Previously planned activities for the public such
as entry into the cockpit and aircraft which
would put them in close proximity were
also cancelled. Daily reminders to conduct
individual temperature screening and observe
good personal hygiene habits were also
disseminated to our crew. Lastly, the duties
and number of our personnel involved in

ARTICLE
SA20 were also reviewed, such that the
impact would be minimised should cohorting
of personnel be implemented during the
event.

Conclusion
Overall, SA20 was an important event for
the public to get a better understanding of
the RSAF, and also provided an excellent
opportunity for our airmen and women to
engage our fellow Singaporeans, allowing
them to gain a deeper understanding of what
the RSAF does every day for the defence of
Singapore. I looked back and was glad to
have been part of the RSAF Sub-Committee
for SA20, working hand-in-hand with the
organisers, partnering with participating
nations from all around the world, and my
TEAM RSAF to ensure that SA20 was a
successful and safe event for everyone who
attended.

ABOUT THE AUTHOR
SLTC Peter Ho is an AH-64D pilot with
approximately 2800 flying hours.
He is currently the DY HAFI / Head
Accident Prevention Branch in AFI
and has previously held appointments
as Detachment Command Peace
Vanguard, S3 of Heli Group, and
Head Analysis and Investigation
Branch in AFI.

ABOUT THE AUTHOR
MAJ Lee is the USO in 208 SQN and
concurrently the BSO in CAB. He is an
AWO(C3), and prior to his current
appointment, he served as OC in 200
and 202 SQN, and as a staff officer
in AOD. He was the recipient of the
SAF Postgraduate Award in 2017, and
holds a Master of Science in Systems
Engineering from Naval Postgraduate
School and Master of Science in
Defence Technology and Systems
from National University of Singapore.
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Safety - Going
Beyond The Mile
3SG Lee Sheng Kiat / 3SG Lou Heng Yi
Air Operations Specialist
205 SQN
Occurence Summary
On 29 Aug 2019, 3SG Lee Sheng
Kiat and 3SG Lou Heng Yi were
in the bus, heading home from
work after their morning duties at
Tengah Air Base (TAB). As their
bus approached one of the HDB
blocks in Choa Chu Kang estate,
3SG Lee spotted a striking yellow
crane in the distance. It seemed
to be operating past the height
of the neighbouring HDB blocks.

10
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He then shared his concerns
regarding this particular crane
operation with 3SG Lou for his
opinions.
Being trained as Operations
Assistants in their squadron, they
were both aware that all erected
vertical obstacles, such as cranes,
in the vicinity of air bases are
subjected to strict restrictions.

ARTICLE

These included their height of operations,
due to aircraft flight operations at low
altitudes. Only with the sanitisation of
obstructions can the smooth and safe
departure and arrival of flights be ensured.
Furthermore, it was unusual for cranes to be
operating above the height of permanently
erected obstructions nearby.
With that in the back of their minds, they
were concerned that this crane operation
might pose a threat to the safety of flight
operations at TAB. 3SG Lee and 3SG Lou
immediately alerted Tengah Tower Base
Command Post (BCP) and their squadron’s
operations centre of the sighting. The duty
personnel responded quickly by cross-checking
the reported crane location with other
cranes that were available in the database.
However, he found that the reported crane
was absent from the records. Next, 3SG Lee
and 3SG Lou verified with a staff from Air
Plans Department to see if there were any
approved clearances on their end for this
crane to operate. However, no RSAF-issued
clearances were found for this crane.
In order to gather more information to provide
a clearer and complete picture for BCP, 3SG
Lou suggested that they should alight and
head over to the site where the crane was
operating. They did so and quickly identified
the site supervisor and 3SG requested for the
supervisor to provide details regarding the
crane operations while 3SG Lou relayed the
information to BCP for them to make sense
of the situation.
Subsequently, BCP was able to ascertain that the
crane was operating without a valid license.
3SG Lee and 3SG Lou immediately told the
crane operator to lower the crane and instructed
the company to stop operations until proper
approval was sought from HQ RSAF.

APR 2020
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It turned out that heading to the site and questioning the
operator was the right decision, as they were able to
obtain the details of the company and the personnel in
charge, such as their contact information and the vehicle
plate number of the crane. All this information gathered
made it easier for HQ RSAF to follow up with the errant
operators.

After-Thoughts of 3SG Lee Sheng
Kiat
Looking back, I am glad that I was able to play my
part in ensuring the safety of RSAF operations, even as
an NSF in an RSAF control squadron. For that, I
am really thankful that during my time in National
Service (NS), the training I have received from the
organisation has put me in a position that allowed me
to make contributions.
Besides the knowledge that was imparted to me as part
of my vocational training, I believe that it is also the
safety culture that we are immersed in that prompted
us to do what we did on that day. With many cranes
operating in the vicinity of TAB due to multiple
developmental projects in the area, it was easy to be
desensitised towards their presence. Without giving it
a second thought, I suppose many of us would have
overlooked errant cranes, if there were any. However,
our squadron management encourages open and honest
sharing of all safety lessons within the squadron, explaining
to us how they might impact our aircrew in the air.
Hence, this inculcated a strong sense of safety awareness
within each and everyone of us and that was what led
to me and Heng Yi deciding to further investigate our
observations.
From this experience, I can confidently say that as NSFs,
we should not belittle our contributions during NS.
With the skills and values learnt through this process, as
long as we put in our effort and stay vigilant, there are
always opportunities available for us to contribute.

12
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After-Thoughts of 3SG Lou
Heng Yi
Initially, I was not sure of the significance of
the impact on aircraft flight operations as I was
fixated on the fact that the crane was operating
just slightly above the HDB block. I did not think
that any aircraft would fly just slightly above any
HDB block, even during take-off or landing.
However, on the next day, I realised what the
impact to operations were when I asked my
colleagues. They mentioned that the height in
which the errant crane was operating had
infringed the Obstacle Limitation Surfaces (OLS)
template. This would result in safety concerns
to our RSAF assets flying in the area, given that
our pilots were not aware of this particular
crane operation as it was not stated in the
Notice to Airmen (NOTAM).
Previously, it did not occur to me that my role
as a NOTAM Specialist was very significant,
as it was a routine shift-work, generally with
the same duties to perform. Now, as a Tower
Info Coordinator Trainee in Tengah Tower, I
finally understood the significance of my role,
especially if this situation was to occur even
nearer to the runway and hence, affect launch
and recovery operations.
Additionally, I have learnt alot about the importance
of safety during my time in 205 SQN, which I have
realised can be applied in our daily lives outside
of work. During our time in 205 SQN, we are
kept apprised on why certain things are done, with
the rationale explained to us in a manner we NSFs
can understand. This allows us to understand the
deeper thinking into why operational decisions/
actions are undertaken, giving us the opportunity
to provide active feedback and Crew Resource
Management (CRM) if we feel that something
might be wrong. This has greatly increased our
safety awareness and allows us to be “the
extra pair of eyes in safety”.

ABOUT THE AUTHORS
3SG Lou Heng Yi (left) and
3SG Lee Sheng Kiat (right)
are Air Operations Specialists
(AOS) currently in 205 SQN,
Air Power Generation
Command, Tengah Air Base.
As AOS in the squadron,
they are the information
coordinators both in the
Squadron Command Post
and in the Control Tower.
3SG Lou graduated with
a Diploma in Business
Management, while 3SG Lee
had completed his ‘A’ Levels
and would be commencing
his Bachelor’s degree overseas
after his National Service.
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G-LOC and
the“Push-Pull” Effect
CPT (DR) Benjamin Seah
Staff Officer, Medical Operations and Doctrine Branch
Air Force Medical Service (AFMS)
On 4 Apr 2018, an experienced “Thunderbirds”
(United States Air Force Air Demonstration
Squadron) flight lead with more than 500
hours on type1 was piloting an F-16CM
(“Thunderbird #4”) as part of a routine
six-ship aerial demonstration training flight. At
approximately 1029L (local time), the mishap
aircraft impacted the ground, fatally injuring the
mishap pilot without an ejection attempt.

The Thunderbirds “Diamond Formation”
comprised Thunderbird #1 to #4 (Figure 1).
The solo aircraft flying independently of the
Diamond Formation in the aerial demonstration
practice consisted of Thunderbird #5 and #6.
After the “High Bomb Burst Cross”, the Diamond
Formation was manoeuvring to congregate in
the “High Bomb Burst Re-join” (Figure 2).

3
Missile Rails Aligned

Missile Rails Aligned

1

4

Missile Rails Aligned

Missile Rails Aligned

2
Figure 1: The Thunderbirds “Diamond Formation”
1

14
14

Upon selection for the Thunderbirds, the mishap pilot attended the F-16 Transition Course in 2017 and completed the Thunderbirds 70-ride
upgrade syllabus with “slightly above average” performance. The mishap pilot’s total flight time was 1,441.0 hours, with 310.9 of
those hours as an instructor.
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High Bomb Burst Re-join

High Bomb Burst Cross

Figure 2: “High Bomb Burst Cross” and “High Bomb Burst Re-join” Manoeuvres

During the “High Bomb Burst Re-join” manoeuvre,
the mishap pilot spent approximately 22 seconds
in inverted flight between 5,500 and 5,700 feet
above the ground level. After transitioning into

a descending half-loop manoeuvre (“Split-S”),
the pilot experienced gravity-induced loss of
consciousness (G-LOC), became incapacitated,
and resulted in the fatal crash (Figure 3).

Flightpath of Thunderbird #4
1. 1028:22L:

Beginning of
Immelmann2
(Maximum +7.9 Gs)

7.

1029:01L:

+7.75 Gs (1.52 Gs/sec)

2. 1028:36L:

Beginning of inverted
flight (with 22-second
duration negative Gs)

8.

1029:02L:

+8.34 Gs (0.58 Gs/sec)

3. 1028:56L:

-0.90 Gs recorded

9.

1029:03L:

Maximum positive Gs:
+8.56 Gs (0.21 Gs/sec)

4. 1028:58L:

Maximum negative
Gs: -2.06 Gs

10.

1029:04L:

Beginning of period
of no deliberate flight
control inputs

5. 1028:59L:

+3.61 Gs (5.67 Gs/sec)

11.

1029:09L:

Beginning of renewed
flight control inputs

6. 1029:00L:

+6.23 Gs (2.62 Gs/sec)

12.

1029:10L:

Impact

Figure 3: Mishap Aircraft Flight Path during the “High Bomb Burst Re-join” Manoeuvre
(Depicted 17:29:10 Coordinated Universal Time (UTC) was L+7 hours)

2

Ascending half-loop.
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The Mystery

Aeromedical Analysis

Investigators noted that the mishap aircraft
had no reportable maintenance issues and
all inspections were satisfactorily completed.
On that fateful day, the Range Safety Officer
reported calm winds, greater than 10 miles
of visibility, and no precipitation. The mishap
pilot was also medically qualified for flying
duties. Furthermore, investigators found that
the mishap pilot had successfully executed
the “Split-S” portion of the “High Bomb Burst
Re-join” no less than 29 times between
28 Jan 2018 and 19 Mar 2018. With such
an impeccable track record, what could have
led to the fatal failure on 4 Apr 2018?

“G-FORCE”

FOCUS - ISSUE 103

G-force (“G”) represents the force experienced
by the human body due to acceleration and is
measured in multiples of the acceleration due to
gravity felt at the Earth’s surface. Acceleration
and changes in G may be positive (+G; felt as
heaviness in the aircraft seat) or negative (-G;
felt as lightness in the aircraft seat).
“G-LOC”
Sustained +G acceleration occurs commonly
during certain combat and aerobatic fighter

ARTICLE
aircraft manoeuvres. During such
manoeuvres, the head-level blood pressure
drops due to increased hydrostatic forces,
while blood pooling occurs at the lower
extremities and abdomen. This results in
reduced blood flow to vital organs such
as the brain (for cognitive processing)
and eyes (for vision), producing the oftenreported symptoms of visual grey-out or
black-out and loss of consciousness.
				
High rates of oxygen consumption by the
brain mandate the need for continuous
uninterrupted circulation of oxygen-rich
blood. In fact, this demand is so high that
the brain’s oxygen reserve is readily
depleted within four to six seconds, and
in the case of sustained +G acceleration
precipitating this disruption in oxygenated
blood supply, causes G-LOC.
Sustained +G acceleration to a maximum
of +6.3 Gs and consequent loss of
consciousness was found to have been
responsible for the fatal Red Arrows crash
on 20 Aug 2011, proving its lethality in
and of itself.

Why Couldn’t The Mishap
Pilot Eject In Time?
In a landmark study, Whinnery, Burton,
Boll, and Eddy (1987) characterised the
G-LOC process as consisting of two
phases: an absolute incapacitation phase,
deﬁned as the period from the onset of
unconsciousness (eye closed, upper body

muscles relaxed) to a point when the
pilot awakens (eyes open), and a relative
incapacitation phase, featuring confusion
and disorientation following the the return
of consciousness. Whinnery et al. (1987)
suggested that each of the two phases
lasts for about 12 seconds, resulting in a
24-second period of total incapacitation.
Tripp et al. (2006) concluded that the
temporal course of performance deﬁcits
produced by G-LOC far exceeds prior
estimates.
The investigation report highlighted that
as the mishap pilot initiated the “Split-S”
at 1028:59L, this operation took the
mishap aircraft from -2.06 Gs in inverted
flight to a maximum of +8.56 Gs at
1029:03L. Approximately one second later
at 1029:04L, the mishap pilot experienced
G-LOC and stopped providing deliberate
flight control inputs. For approximately
the next five seconds, the mishap
pilot remained in a state of absolute
incapacitation. Despite transitioning to
the phase of relative incapacitation five
seconds later at 1029:09L where there
were deliberate flight control inputs,
the confusion and disorientation that
characterises this phase made an ejection
attempt impossible. Impact was therefore
inevitable and occurred a mere one
second later at 1029:10L.

More Than Meets The Eye?
In this mishap, the ascending and
descending half-loops produced sustained
+G acceleration. However, it seems
improbable that an experienced instructor
pilot could succumb so easily to high Gforces. Could sustained +G acceleration
leading to G-LOC be the sole explanation
for this tragedy?
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The “Push-Pull” Effect
Sustained -G acceleration occurs less commonly
in flying and is of limited intensity compared to
+G acceleration due to the intense discomfort
and limited human tolerance to acceleration
in this direction. -G acceleration can occur
during inverted flight (-1 Gz when level) and
bunt manoeuvres (pitching down of aircraft
nose to aid in energy recovery). While limited
-G acceleration will not lead to loss of
consciousness, it does have a significant and
potentially deadly impact on a pilot’s tolerance
to +G acceleration.
Under -G conditions, blood flows rapidly in a
head-wards direction (vis-à-vis feet-wards under
+G conditions). The increase in blood flow
towards the brain is detected by pressure
sensors (i.e. baroreceptors) within the major
blood vessels leading away from the heart
and towards the brain (i.e. aorta and carotids).
This triggers a rapid compensatory response by
the body to moderate and prevent a surge in
blood flow towards the brain, and is achieved
by (1) heart rate reduction, (2) blood vessel
dilation, finally causing (3) decreased head
level blood pressure.
The “Push-Pull” effect describes the phenomenon
of how prior -G exposure (“Push”) reduces an
individual’s resting +G (“Pull”) tolerance by an
18
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amount proportionate to the magnitude and
duration of the preceding -Gs. Data from 240
Heads-up Display (HUD) tapes containing over
240 air combat training engagements from
F-15 and F-16 aircraft reveal that “Push-Pull”
manoeuvres are most frequently, unintentionally,
performed when entering the merge head-on,
when “re-entering the fight”, and when
executing an offensive role (Michaud et al.,
1998).
Various support mechanisms such as Anti-G
Straining Manoeuvre (AGSM) and the use of
G-suits are already required to aid continuous
blood flow to the brain during +G exposure.
Clearly, by placing the body in a state of
reduced blood flow to the brain, -G exposure
preceding +G exposure will significantly reduce
one’s +G tolerance.
The mishap pilot spent 22 seconds in inverted
flight under -G conditions of between -0.5 Gs
and -2.06 Gs. Prior to executing the “Split-S”
manoeuvre, there was a transient increase in
-G from -0.90 Gs to -2.06 Gs over two seconds.
This was followed by a rapid transition to a
recorded maximum +8.56 Gs over five seconds.
These two consecutive events (“Push-Pull”)
eventually led to the fatal crash.

ARTICLE
Physiology Behind The “Push-Pull” Effect
Firstly, the mishap pilot was at a baseline
physiological disadvantage for the “Pull”
segment in view of the preceding “Push”
segment in that the resting +G tolerance was
reduced due to the lowered heart rate, blood
pressure and blood vessel dilation. Secondly,
the rapid increase in -G exposure to -2.06 Gs
prior to reaching +8.56 Gs further exacerbated
this reduction in +G tolerance, with increased
capacity for blood pooling in the lower
extremities and abdomen due to the further
widening of the blood vessels. In addition, the
high +G exposure immediately following
this disadvantageous physiological situation
overwhelmed the compensatory mechanisms
afforded by the CSU-22/P Advanced Technology
Anti-G Suit (ATAGS) and AGSM, which would
normally have afforded up to +2.5 Gs and +3 Gs
of protection respectively (Figure 4).
Analysis of the 29 previous successful
executions of the manoeuvre revealed that
the average maximum +G in the preceding
29 recorded cockpit videos was +7.1 Gs
compared to the maximum +G of +8.56Gs
during the fatal attempt.
Furthermore, in the preceding 29 successful
iterations of the fatal manoeuvre, the mishap

pilot had correctly reduced the -G exposure to
increase the heart rate and resting +G tolerance
in anticipation of the upcoming +G exposure.
The investigation found that in the five
recorded instances where the mishap pilot met
or exceeded +8.0 Gs in the “Pull” (none greater
than the +8.56 Gs experienced in the mishap),
a decreased -G in the two seconds prior to the
“Pull” left the mishap pilot better positioned
for a timely and effective AGSM.
As such, had either magnitudes of -G and +G
exposures been reduced during the mishap flight,
the mishap could potentially be avoided.
Protection Against The “Push-Pull” Effect
Fighter aircrew undergo centrifuge training
regularly to validate the quality of their AGSM
and ability to withstand the maximum
physiologically permissible +G limit for their
aircraft platform. However, the human training
centrifuge is unable to accurately replicate
conditions of -G exposure and hence
demonstrate the potentially fatal consequence
of the “Push-Pull Effect”. As such, awareness
by our fighter aircrew about the physiological
impact of this phenomenon is critical in helping
them avoid such a state of physiological
compromise.

Figure 4: Graph of Gz Experienced vs. Time and Sequence of Events
APR 2020
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Fighter aircrew should attempt to limit the
duration of preceding -Gs or delay pulling +Gs
for at least five seconds following exposure
to -G acceleration to allow time for blood
circulation to the brain to recover. A study
conducted showed that under relaxed
conditions, the “Push-Pull” effect is augmented
by increasing durations of preceding -Gs (Banks
et al., 1995). Another study showed that
heart rate increases occur much more slowly
than heart rate decreases (Linnarsson et al.,
1996). However, if such a limit or delay is not
possible for operational reasons, the +G
exposure should be reduced by the magnitude
of the preceding -G force experienced (i.e.
pulling a maximum of +7 Gs following
exposure to -2 Gs in a +9 Gs rated pilot).
Furthermore, fighter aircrew should perform
maximal AGSM effort regardless of expected
+G forces to provide further safeguard
against G-LOC in such a physiological state.
20
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The Answer
The investigation report concluded that “the
cause of the mishap was the mishap pilot’s
G-LOC and associated states of absolute and
relative incapacitation. During these states, the
mishap pilot was unable to apply appropriate
flight control inputs to avoid the mishap
aircraft’s impact with the ground or attempt
an ejection.” The investigation report also
found that the “Push-Pull” effect and “an
associated decrease in the effectiveness of the
mishap pilot’s AGSM under those conditions”
contributed substantially to the mishap.
All fighter aircrew must remain highly
cognisant of (1) the potentially fatal effects
of sustained +G exposure causing G-LOC,
(2) the fact that preceding -G exposure can
reduce an individual’s +G tolerance, making
one more susceptible to G-LOC under +G

ARTICLE

conditions, and (3) the need to adopt
the necessary countermeasures to protect
themselves from falling prey to the “Push-Pull”
effect.
In addition, as fighter aircraft aerobatic
manoeuvres tends to be perennial highlights
at key events (e.g. air shows and large-scale
celebratory parades), the desire to deliver
crowd-pleasing performances should not be
overshadowed by complacency and disregard
for individual physiological limits. Thoughtful
planning and conscious abiding by established
protocols will go a long way in ensuring
Mission Success whilst guaranteeing Safety Always.
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Safety in Warehousing
Operations
ME5 Ryan Ng
Commanding Officer
5 Supply Depot (5SD)
Introduction
Each spare that is fitted on an aircraft, be it
the humble screw or an entire engine, goes
through a journey from a manufacturer to a
hangar. The 5 Supply Depot (SD) warehouse
is one essential stopover point in this journey
where spares are stored before being issued
out to parties like the Air Force Engineers
(AFE) for aircraft maintenance or to overseas
vendors for repairs. 5SD works round the
clock to handle thousands of such transactions
in a year. There is a constant hum of activities
in and around the warehouse as workers
scramble to receive, store, issue, and carry
out various other services to ensure our AFEs
receive their items on time to maintain and
generate Air Power. Each warehouse worker
has a role to play to ensure the supply chain
moves like clockwork. At the same time, it’s
easy to get caught up with our daily mundane
1

22

tasks that we forget just how many hazards
that may lie around the corner of every lorry,
every forklift, and every pallet. A typical scene
in the warehouse would see a steady flow
of human traffic mingling around industrial
equipment, while items both big and small are
being forklifted around the compound1 all
happening at the same time. All these factors
combine to create a working environment
that easily harbours far more hazards than
the average office workplace. As such, it is
of paramount importance for 5SD that the
necessary efforts and resources are given
to ensure that ground operations can be
conducted safely.
This article discusses the importance of safety
for warehousing operations, the potential
sources of hazards, and more specifically, the key
safety practices in 5SD. The use of technology
to further improve safety is also suggested.

Warehouse Safety: Top 8 Hazards and How to Deal with Them (2019, September 19). Retrieved from https://safetyculture.com/topics/warehouse-safety
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The Importance of Safety in
Warehousing Operations
Although RSAF’s warehousing functions have
been outsourced to Third Party Logistics
(3PL) companies, 5SD is still responsible for
and thus very much involved in officiating
the ground operations of the warehouse
such as mandating safe work practices. As
such, it is essential that the RSAF safety
culture permeates the daily tasks carried
out by all in 5SD which includes 3PL
contractors.
There are benefits in creating a safe working
environment. The first and the more obvious
effect of creating a safe working environment
is that it ensures the availability of
manpower to carry out the daily operations
effectively. Any incidence of workplace injury
could mean the loss of manpower due to the
time needed for the casualty to be absent
from work to recover from the injury.
Having a safe workplace could also ensure
work efficiency. Imagine a warehouse which
constantly undermines workers’ safety just to
meet key performance indicators – workers
would possibly fear for their lives while
working in the warehouse as the chance of
sustaining a work-related injury could be high.
In turn, this could lead to high staff turnover
rates which would result in a fall in work

experience level. Thus, having a safe
workplace would ensure healthy levels
of work productivity as workers would
be able to properly focus on their tasks at
hand.

Potential Sources of
Hazards in Warehousing
Operations
One source of safety risk in warehousing
operations is the need to operate heavy
industrial machinery such as (1) the
Automated Storage and Retrieval System
(ASRS) and (2) heavy vehicles such as the forklifts. The ASRS is a complex and towering
piece of machinery comprising two storeys
or more of densely packed shelves, installed
in order to efficiently store and retrieve many
items expeditiously. Items are mechanically
retrieved by automated cranes once the
operator enters its data into the computer
system, following which the item is delivered
to the workers via a conveyor belt system.
For safety, only trained and qualified
operators are allowed to operate the ASRS
with strict adherence to Standard Operating
Procedures (SOP). In this case, to prevent
anyone from being hit by any of the
automated cranes, operators are to ensure
that no one is inside the crane operating
areas when the ASRS is in use. Similarly,
for heavy vehicle operations, operators
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are trained and qualified. Their skill currencies
are checked by the supervisor monthly. They
also don Personal Protective Equipment (PPE)
such as helmets and safety shoes during
operations as mandated by the SOP.
					
Working at heights is another hazard in
warehousing operations. For space optimisation
in the warehouse, items are stored in
towering storage racks and shelving systems.
However, instead of using the simple step
ladder which poses a risk of falling from
heights, vehicles such as the Very Narrow Aisle
trucks are used to elevate warehouse workers
when there is a need to retrieve items stored
at heights. Additionally, these workers are
protected by safety harnesses and PPEs
during such operations. They are also
trained and qualified to operate the trucks.
2
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Ensuring Safety in
Warehousing Operations
There are various safety practices in 5SD. In this
article, three key practices are discussed.
First, a Hazard Identification and Risk Assessment
(HIRA) of the warehouse is conducted, in
which hazards that could possibly occur are
recorded and accompanied with methods of
risk control to eliminate or mitigate the
risk of injury from each hazard2. This HIRA
is openly available to all workers for their
reference. It is also introduced to all newly
posted-in staff as part of the induction process.
This allows workers to familiarise themselves
with the hazards of their workplace, as well as
to exercise the necessary safety behaviours to

Introduction to Hazard Identification and Risk Analysis (2012, December 10). Retrieved from https://www.aiche.org/ccps/topics/elements-process-safety/understandhazard-risk/hazard-identification-and-risk-analysis/introduction
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mitigate these hazards. For example, the HIRA
would list the hazards of working with bulky
items, and propose proper lifting techniques
or necessary Mechanical Handling Equipment
to be employed like pallet jacks in order to
mitigate the risks when executing the tasks.
Second, relevant Flight Accident/Incident
Reports (FAIRs) and Ground Accident/Incident
Reports (GAIRs) lessons from the Supply
Depots and/or other units are shared with
the 3PL during 5SD’s RSAF Safety Day (RSD)
programme. Even non-Supply Depot (SD)
related FAIRs/GAIRs are shared with the 3PL
if they can be related back to the SDs’
operations. The depot manager, warehouse
operations executives and supervisors from
each of the warehousing sections participate

in 5SD’s RSD programme monthly whereby
the human factors which contributed to
the incidents are discussed in the context
of warehousing operations. In turn, the
supervisors would share the lessons learnt with
all their workers in their respective sections
on the same day. The involvement of 3PL in
5SD’s RSD programme has a greater longterm effect in building a safety culture as it
allows interaction between the management
and the ground operations workers. This
builds a shared understanding and motivation
for the workers to upkeep safety standards,
knowing that everyone works as a team.
This allows for command and management
emphasis to ensure safety practices on the
ground and to prevent the recurrence of
safety-related incidents.
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Third, Behavioural-Based Safety (BBS)
observations and findings, if any, are shared
across the four SDs. BBS is a process that seeks
to gauge the overall workplace safety of an
organisation, primarily through observations
logged by the workers and to be followed up by
generating solutions to mitigate the risks of these
behaviours3. Prior to RSD, the Safety IC would
conduct a walk-through of the warehouse
and make observations of safe and unsafe
behaviours according to a checklist. The
behaviours observed range from the correct
and proper usage of PPE when handling
potentially corrosive or hazardous items, to
ergonomics, which includes the working posture
of the warehouse personnel. Should any unsafe
behaviour be observed, they would be surfaced
as findings and shared to all the other SDs.
3
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The Way Forward The Use of Technology to
Enhance Safety
As long as there is human in the operations
loop, there will be a chance for human error to
take place. In this context, one way to improve
the safety of warehousing operations is to
leverage on technology to assist the worker,
in order to reduce the chance of human error,
or to eliminate the need for the human to be
in the loop. Robots or machines can be used to
assist or replace the conventionally human-inthe-loop tasks. For example, robots can help to
transport items to a centralised packing area
without any human assistance, which would
typically require the use of trolley or a pallet

What is Behaviour Based Safety? (2016, February 16). Retrieved from https://www.industrysafe.com/blog/safety-management/what-is-behavioral-based-safety-video
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jack for the transportation4. This helps to
minimise the risk of injury that may arise from
confined movements within the warehouse.
In another example, machines can be used
to perform the packing of items for delivery
instead of the worker doing it manually5.
Packing of items is physically demanding and
it may involve the handling of heavy items that
could result in musculoskeletal injuries.

Conclusion
In conclusion, ground operations in the
5SD warehouse can be hazardous in nature
due to the equipment and items being
handled by the workers or the need to work
at heights. Even though the risks of accidents
can be mitigated through utilising a greater
number and variety of modern technologies,
we must never lose sight of the fact that
every tool is only as effective as the person
wielding it. A single moment of complacency
can still lead to an accident occurring.
Ultimately, safety is an individual, team and
command responsibility. Every worker must stay
vigilant on the job and to act safely even
when nobody is watching. Our safety
motto “Mission Success, Safety Always” requires
conscious effort and should never be left
to chance.
4

5

SwisslogInspire (2016, December 17). Swisslog CarryPick: Flexible modular
order picking system: Swisslog. Retrieved from https://www.swisslog.com/
en-sg/logistics-automation/products-systems-solutions/asrs-automatedstorage-retrieval-systems/boxes-cartons-small-parts-items/carrypick
Rob Bass (2017, May 2). Retrieved from https://www.cmcmachinery.com/
portfolio-item/ecommerce1-cmc-cartonwrap
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RSAF Safety Poster Competition 2019 -1ST place
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RSAF Safety Poster Competition 2019 -2nd place
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RSAF Safety Poster Competition 2019 -3rd place
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RSAF COs’ Conference 2020

To adhere to the COVID-19 enhanced safety measures, the RSAF COs’ Conference 2020 was
held at various RSAF air bases and camps on 1 and 2 Apr 2020. The conference, organised
by AFI, provided a central platform for our RSAF leadership to reinforce the work plan
imperatives and safety focus to all COs and Dy COs. It also allowed the COs and Dy COs to
cross share amongst themselves and provided them the opportunity to engage the senior
RSAF management on the strategic direction for the work year ahead.

Signing of RSAF Safety Policy

The RSAF Safety Policy was signed by CAF and the Command Commanders on 8 Apr 2020.
The policy is a written statement of RSAF's commitment to protect our airmen and airwomen
and a reminder of our RSAF Safety Philosophy. By signing the RSAF Safety Policy, our Airforce
Leadership pledge their commitment to keeping our people safe. It is also a reminder that all
of us play a part in keeping each other safe and ensuring that our missions succeed with
safety in mind.
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RSAF Annual Safety Conference 2020
Award Winners for WY19/20
Accident-Free Flying Years
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Outstanding Unit Safety Warriors

Unit

Years

Command/
Formation

OAKEY DETACHMENT

2

HQ RSAF

ME3 Lazaroo
Stephen Francis

AFSC

EFTD

4

ADOC

ME2 Tan Wei Kiat

819 SQN

120 SQN

9

APGC

ME2 Chia Wee Chong

206 SQN

PEACE CARVIN II

9

123 SQN

10

PC

ME3 Christine Wong
Choi Lai

806 SQN

PEACE CARVIN V

10

ACC

ME3 Thia Daoli

EFTD

125 SQN

11

UC

ME3 Lim Hwee Chuan

1 AELG

111 SQN

13

AFTC

ME3 Ong Chee Meng

150 SQN

116 SQN

13

AWC

ME2 Ng Siew Ming Gaius

AWC

130 SQN

13

UAV TRAINING SCHOOL

13

128 SQN

14

125 SQN DETACHMENT

14

119 SQN

15

126 SQN

16

PEACE VANGUARD

16

FIXED WING TRIALS SQN

16

ROTARY WING TRIALS SQN

Rank/Name

Unit

Outstanding Unit Safety Officers
Command/
Formation

Rank/Name

Unit

ADOC

CPT Kelvin Yin

202 SQN

APGC

ME4 Desmond Toh

505 SQN

PC

CPT See Du Beng
Benjamin

18 DA BN

ACC

CPT Hew Yin Hou

145 SQN

UC

CPT Leonard Ang

128 SQN

16

AFTC

CPT Jasper Tan Sway
Chong

UTS

112 SQN

20

AWC

CPT Lin Junjie Lance

AWC

142 SQN

23

127 SQN

24

145 SQN

27

140 SQN

28

143 SQN

30

150 SQN

30

AIR GRADING CENTRE

30

124 SQN

33

149 SQN

33

122 SQN

43

STANDARDS SQN

44

121 SQN

47
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Zero Accident in Motor Transport
Command
UAV Command
Air Force Training Command
HQ RSAF

Good Achievement in Motor Transport
Command
APGC PLAB

Aircraft Accident Investigation Course

Air Force Training Command
25 – 28 Feb 2020
AFI successfully coordinated and managed the Local Aircraft Accident Investigation Course
from 25 to 28 Feb 2020. The specially tailored course was conducted by the lecturer from
Southern California Safety Institute at Air Force Training Command. 23 RSAF personnel
and 2 TNI-AU officers attended the course. Key topics such as Accident Investigation
Techniques and Methodology, and case studies were shared and discussed over the 4-days
course.

Fighter Group Annual Safety Workshop

Tengah Air Base Briefing Hall
31 Jan 2020
The Fighter Group Annual Safety Workshop was conducted at Tengah Air Base Briefing Hall
on 31 Jan 2020. Participants were apprised on the RSAF’s Safety Focus Areas, trends and
concerns e.g. RSAF HF Safety Trends and Squadrons’ e-Safety Climate Survey results.
The workshop also provided the opportunity for participants to cross-share and learn
safety lessons within the Fighter Group community.
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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 R E T D N P
O M S V C I N

5

6

1. “Grace“ by Alessandro
Castiglioni
2. “DSC03075 - barrier“ by
Rae Allen
3. “Best Hand Sanitizer”
by Syed Sami
4. “Haze” by AC_L
5. “Conducted annually
since 1994, Exercise
Airguard provides realistic
training for Ground-Based
Air Defence (GBAD)
operators from the RSAF
and RBAirF.” by RSAF
AFIC5.
6. “ACM Maanat reviewing
a Guard-of-Honour at
MINDEF.” by RSAF AFIC
7. “mAgNiFyiNg” by
CAITY LEE
8. “Fox” by jans canon
Permission granted by LOTUM
GmbH to publish 4 Pics 1 WORD
in FOCUS

7

8
P C I N T L E
I O K F N S C

34

FOCUS - ISSUE 103

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)
by 10 Jul 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.
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LTA Tan Yu Run
FTI, AFTC

Janine Loi
AFMS

Across

Down

2. to attend one of Asia’s largest airshows to forge
_______ and seal aviation contracts and deals
3. During such manoeuvres, the head-level blood
pressure drops due to increased _______ forces
8. High rates of oxygen consumption by the brain
mandate the need for continuous uninterrupted
_______ of oxygen-rich blood
9. For approximately the next five seconds, the
mishap pilot remained in a state of absolute
_______
11. Only with the _______of obstructions can the
smooth and safe departure and arrival of flights
be ensured
12. Initially, I was not sure of the _______ of the
impact on aircraft flight operations
13. The solo aircraft flying independently of the
Diamond Formation in the aerial _______ practice
consisted of Thunderbird #5
16. A thrilling and safe aerial display required all
three aircraft to be able to _______ and perform
together chronologically
18. The mishap pilot was also _______ qualified
for flying duties
19. One example of how the TSA was applied
during SA20 was the _______ of the risk of heat
stress on our personnel
20. I suppose many of us would have _______
errant cranes, if there were any

1. there are always _______ available for us to
contribute
4. After _______ into a descending half- loop
manoeuvre (“Split-S”)
5. The success of the aerial display was largely
attributed to the strong focus on_______, safety
and team excellence
6. Since its _______ in 2008, the Singapore
Airshow has been held biennially in Changi
Exhibition Centre (CEC)
7. One such challenge the team encountered
during the initial stages was the planning of the
flying profiles to achieve a _______
10. when the concept of the SA20 aerial display
was_______
14. They mentioned that the height in which the
errant crane was _______ had infringed the
Obstacle Limitation Surfaces (OLS)
15. I believe that it is also the safety _______ that
we are immersed in that prompted us to do what
we did on that day
17. as it was a _______ shift-work, generally with
the same duties to perform

Answers to page 34: “PREVENTION” and “INSPECTION”

MAJ Benjamin Quek
145 SQN

APR 2020

35

Designed by Air Force Information Centre

36

