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PREPARING

FOR NEW
HEIGHTS

The academic year has come to an end, and so the final edition from the current editors
of the Leonardo Times has been brought to your doorstep. This edition is once again
filled with a large variety of articles with stories from all the different disciplines within
the field of aerospace. We also have the pleasure to welcome yet another new Member
of Honor of the VSV ‘Leonardo da Vinci’! Arjan Meijer, currently the CEO of Embraer
Commercial Aviation, will be installed together with Arnaud de Jong during the next
Extraordinary Members Assembly in November in Delft.

The articles in this edition of the Leonardo
Times tell about how engineering is able to
push the boundaries of what is possible in
the sky and in space. From the remarkable
achievements of the two Voyager probes
and their contributions to the scientific com-
munity, to the steps we have taken towards
making space exploration accessible to
people with disabilities, this edition show-
cases the role that space has in making our
own world a better place. Furthermore, it
delves into the topic of safety in aerospace
operations, researching how today’s aircraft
flight safety manual evolved, and how safety
was engineered into the abort modes of the
space shuttle. These are just a few highlights
of what is included in the journal you are
holding in your hands.

| would like to close my last editorial by ex-
tending many heartfelt thank yous to all the
people that have been involved in publish-
ing this journal over the past year. First and
foremost to Lisanne, our Managing Editor,
and Arham, our Final Editor, for their hard
work and dedication to making the most of
our year managing the Leonardo Times, it
was a pleasure to work alongside you these
months! This year would not have been the
same without the work of the team of Editors
that contributed to the articles and texts in

these four editions, we are all grateful for your
motivation to always fill the pages with inter-
esting and unique stories that give insights
into the scientific (and non) aspect of the in-
dustry we all love. | would also like to thank
Penny and Ralf for working with us to main-
tain the level of quality of the texts and layout
that the journal has kept over the years.

And onthis note, lwould like to pass the torch
to the next Board of the Leonardo Times Ed-
itors. Gerard and James, you have been an
absolute pleasure to work with as Editors of
the Leonardo Times, and we are all excited
10 see you take up the responsibility of man-
aging the journal next year!

Finally, I would also like to thank you, our
readers, for making this journal worth creat-
ing, and wish you an enjoyable read and a
happy summerl

Yours truly,

ke

Ruth Euniki Vraka
Editor-in-Chief,
Leonardo Times

L astedition ..
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Effective
Altruism in
the Air

Discover the endless possibilities to work
on globally meaningful challenges with
an aerospace background and a drive to
improve the world.

14 A Tale of
Two Probes

The Voyager probes have been heralded as a
testament to humanity, but recent events have
indicated the aging of these artifacts.

Boeing's
Descent

In the last five years, Boeing has faced
a series of unprecedented challenges
and disasters. This article delves into
the root causes, key events, and the
urgent need for reform.



L. ambach
Aircraft

Lambach Aircraft’s commitment
to providing a space for aircraft
design and the importance of
projects on a small scale.

Leamning
from Curb Cuts

Improve your design by using the
power of inclusivity: the benefits,
principles, and examples of
designing for everyone!
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Dear reader,

Having completed yet another year of
studying aerospace engineering, it is now
time to unwind in the sun and enjoy the
summer edition of the Leonardo Times. It
has always struck me how students and
staff go above and beyond during the
workweek to educate, be educated, or
do research. This drive naturally comes in
twofold, so now it is time to kick back and
enjoy the newest articles written by our ed-
itors. In this edition, safety within the aero-
space industry has a prominent role on the
podium.

During our pre-lustrum week in May, we re-
vealed our lustrum theme for the sixteenth
lustrum: “Ignite”l You may have seen the
theme, accompanied by its beautiful yel-
low and red colors in the faculty. The lus-
trum logo will be a frequently recurring im-
age that will set next year's activities alight!

This pre-lustrum week featured the reveal
of the lustrum caravan, the sale of lustrum
merchandise, a movie, a silent disco, and

a mini symposium. We ended the week in
style by hosting our faculty party Limitless,
which took place next to the Fellowship.

The next academic year will also mark the
start of an intimate connection between
the VSV ‘Leonardo da Vinci’ and two new
Members of Honour. The first is Drs. Ar-
naud de Jong. Mr. de Jong is currently
managing director of the high-tech depart-
ment at TNO. In his previous role as CEO of
Airbus Defence and Space Netherlands,
he chaired the 2020 space symposium.

The second Member of Honour that will
be installed is Ir. Arjan Meijer. Arjan Meijer,
being an alumnus of our faculty, is now
CEO of Embraer Commercial Aviation. He
helped our association by laying connec-
tions between us and various partners of
ours. In addition to this, he was the chair of
the day of the 2021 aviation symposium.

| can confidently say that this year can be
called a success. A wide array of activities
has been organized, each one fitting into
one of our three core pillars: Education,

career, and social activities. Before end-
ing this message, | would like to thank all
active members and board members for
making this year possible. You have done
a tremendous job organizing these activi-
ties. I hope to see you next year with a new
set of activities, new members, and a new
board.

For now, sit back, relax, and enjoy this
magazinel!

On behalf of the 79" Board
of the VSV 'Leonardo da Vinci',

With winged regards,

Jim Ruysenaars
President of the 79" Board of the
VSV Leonardo da Vinci’
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QUARTERLY HIGHLIGHTS

BLUE ORIGIN RETURNS

Blue Origin is poised for a triumphant re-
turn to space tourism flights after a two-
year hiatus. This pause followed the in-
vestigation by the US Federal Aviation
Authority (FAA) into the September 2022

CHANDRAYAAN-4

After the launch of Chandrayaan-3 and the
successful landing of a lunar rover in August
2023, the Indian Space and Research Organi-
zation (ISRO) is now planning its next mission
to be launched no earlier than 2028. Chan-
drayaan-4 , similar to its forerunner, targets
the Moon. However, this time with the aim of
sampling the Lunar surface and returning the
samples to our home planet.

The mission consists of five modules being
a Propulsion Module, a Descender Module,
an Ascender Module, a Reentry Module
and the Transfer Module. In the first phase of
the mission, the Propulsion Module, the De-
scender Module and the Ascender Module
will be launched by India’s Geosynchronous
Satellite Launch Vehicle Mark Ill. The Propul-
sion Module will take both the Descent and
Ascent Module to a Lunar orbit, where they
will detach and land. The modules will land
very close to the landing site of its predeces-
sor, Chandrayaan-3, as was announced in
May 2024. The site is located 600 km from
the lunar south pole and is named "Statio Shiv
Shakt” derived from two Hindu deities: Shiva,
who is associated with the Moon and Shak-
i, related to the fundamental cosmic energy.
ISRO was, with Chandrayaan-3, the first one
to land on the lunar south pole.
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explosion of an uncrewed mission. The in-
cident involved the Blue Shepherd rocket
launcher failing roughly 20 minutes after
takeoff, leading to the ejection of the rocket
capsule mid-flight, which carried important
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When the Descent module, armed with a
robotic arm, has gathered the samples, it will
dock to the Ascend Module to transfer the
samples, after which it will lift off and reunite
with the Propulsion Module. In phase 2, the
Polar Satelite Launch Vehicle (PSLV) wil

payload. The malfunction was attributed to
higher-than-expected operating tempera-
tures affecting the first-stage booster. In
response, the FAA mandated Blue Origin
to implement 21 modifications, including
an engine redesign and organizational
changes.

The upcoming mission, NS-25, marks Blue
Origin's seventh human flightand will feature
a crew of six members, notably including Ed
Dwight, America's first black astronaut can-
didate, aged 90, who was never selected
to fly to space with NASA. His participation
has been made possible through sponsor-
ship by Space for Humanity, a non-profit
dedicated to democratizing space explora-
tion. Scheduled to launch on Sunday, May
19th, from its Texas launch site, the reusable
launcher is expected to return to its original
position after liftoff. The spacecraft capsule
will ascend to a height of 106 kilometers
from the Earth's surface, providing passen-
gers with a ten-minute experience before
a parachute-assisted landing brings them
safely back to Earth.

launch the Transfer Module and the Re-entry
Module. The Transfer Module, carrying the
Reentry Module, propels to the Ascend Mod-
ule. After docking with the Propulsion Module,
it will transfer the samples to the Reentry Mod-
ule, which detaches and goes back to Earth.

MSN.COM




SEARCH FOR MH370 TO BE RESUMED

On the 3rd of March, 2024, the Malaysian
Transport Minister Anthony Loke spoke the
words that many had been waiting for for 10
years: "It is our commitment and our promise
that the search [for MH370] will go on”.

After the several-year-long search for Malay-
sian Airlines Flight 370 was ended, many were
left without the proper closure, and had been
fighting for the search to continue.

On 2021, aerospace engineer Richard God-
frey and Dr. Robert Westphal started investi-
gating a novel technigue that showed prom-
iseintracking aircraft flight paths. Thisresearch
was extensively perfected and presented to
Ocean Infinity, a private underwater search
company that had previously worked on the
search for MH370 when it disappeared. After
careful consideration, and the technique hav-
ing been validated, Ocean Infinity committed
themselves in March 2022 to resume the
search. Over the years, they have been mas-
sively improving their search technology.

In March of this year, the Malaysian govern-
ment reviewed Ocean Infinity's proposal and
has accepted to resume the search under the

TURBULENCE

On the 21st of April 2024, a Boeing 777-
300ER experienced extreme turbulence
on a flight from London to Singapore. The
aircraft was cruising at an altitude of approxi-
mately 37 000 feet when it encountered ex-
tremely unstable air for a duration of about
90 seconds. This caused the aircraft to drop
and climb several hundred feet twice. The
turbulence happened about 10 hours into
the flight, in the airspace above Myanmar.
After the event, the pilots declared a med-

guarantee of a 'no find no pay” policy. This
statement, by minister Anthony Loke, led to
the Australian government to offer support for
this new search.

ical emergency and diverted to Bangkok
Suvarnabhumi International Airport. The
plane from Singapore airlines housed 211
passengers and 18 crew members during
this particular flight. In the accident, at least
71 people were injured, ranging from bruis-
es to broken bones, and one man died from
a suspected heart attack.

Turbulence can have three causes. moun-
tains, jet streams or storms. Turbulence that

The search is set to resume in November of
2024. We may be one step closer to finding
MH370, thus bringing closure to the families
of the 239 passengers on board.

is created by a mountain is comparable to
the interaction between waves and a rock.
As the air hits the mountain, the airflow can
be disturbed and turbulence arises. Sec-
ondly, turbulence can be caused by friction
between faster and slower moving air. The
last class of turbulence contains patches
of turbulence that are created far from the
storm itself, due to the rapid growth of storm
clouds creating a spherical pressure wave
that can break up and form turbulent air.

NYTIMES.COM
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ARJAN
MEIJER

New Member of Honour
of the VSV ‘Leonardo da Vinci’

Last April, a new Member of Honour was
asked for the VSV 'Leonardo da Vinci'. Arjan
Meijer, currently CEO of Embraer Commercial
Aviation, was asked to come to the air traffic
control tower of LVNL at Schiphol for a secret
meeting. There, the 79th board awaited

him and he was asked to become a Member
of Honour of the VSV. In this way, we are
thanking Mr. Meijer for all of his effort for
students in the past years and he will keep
closely connected to our study association.

Ir Arjan Meijer started his career with an internship at KLM during
his studies of Aerospace Engineering at the TU Delft. Here, he con-
ducted research on the ideal fleet composition from the perspective
of costs and revenues. His career continued in 1999 at Royal KPN,
where he was responsible for the installation and maintenance of
global satellite communication transmission equipment. In 20071, he
returned to KLM to successively focus on strategic fleet manage-
ment and Part-M quality control. In 2010, he became technical direc-
tor at KLM Cityhopper, being responsible for fleet management and
development. In this period, the first Embraer aircraft were introduced.
From 2014 to 2016, he lived in Norwich as the managing director of
KLM UK. In 2016, he started at Embraer in Amsterdam, where he has
been the CEO of Embraer Commercial Aviation since 2020.

Ir Meijer has been connected to the VSV through his close contact
with the board, his role as chairman during the aviation symposium
in 2021, and an Interview To Inspire in 2023. He will be officially in-
stalled together with Arnaud de Jong during the Extraordinary Gen-
eral Members Assembly on November 29th in the city hall of Delft.
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KEEPING TRACK
OF JETSETTERS

Private jets, climate change,

and lawyers

James Perry, Leonardo Times Editor

A protest at Schiphol airport against the use of private jets

If you know where to look, it is quite easy to track where pretty
much any celebrity with a private jet has been flying. The
celebrities don’t take kindly to this and sometimes threaten to
sue those who share this publicly available information. Why is
this all online in the first place, and should it be?

n 2022, the digital marketing agency Yard

published a report detailing "Celebs with

the worst private jet CO, emissions” [1]. The
report came with a disclaimer that they were
tracking only the aircraft, not the celebrities
themselves, and indeed some PR teams re-
sponded stating the aircraft were loaned out
and used by other individuals. It would make
attributing all the associated emissions to one
individual unfair, but it is equally hard to tell to
what extent this is actually the case. Taylor
Swift was reported to be the biggest emitter,
with her plane making 170 flights in just the
firsthalf of that year. Itamounts to 2,977 tonnes
of CO,, 418 times more than the Dutch emit
per capita for an entire year [2]1

The report also mentions the average flight
distances, highlighting the shockingly small
distances celebrities’ jets sometimes fly. For
example, Kylie Jenner's average flight lasts
just under 25 minutes [1]I Of course, some
celebrities and businesspeople may use pri-
vate jets to reach locations required for their
jobs - which is itself called into question in
a world increasingly dominated by video
call meetings. But there also seems very
little excuse when a train, or even car, ride
could easily accomplish the same distance.
Taylor Swift was also called out for making
a flight of just 45km within the same city of
Saint Louis, as was reported by University of
Central Florida student Jack Sweeney [4].

Despite receiving an initial backlash, it was
later revealed that the aircraft was sold very
soon after, indicating the flight was likely for
demonstration or maintenance purposes. It
just goes to show that jumping to conclu-
sions can be a mistake.

Sweeney owns several social media ac-
counts that report the activities of private
jets, including names such as Taylor Swift
and Ron DeSantis, a Floridian politician who
signed a bill into law to redact information
about his use of state and private planes.
Elon Musk accused the account tracking his
aircraft of being responsible for a suspected
stalker following his children’s car, although
police found no such link [4, 5]. Musk threat-
ened legal action and as CEO of Twitter, as
it was known at the time, suspended any
accounts tracking the locations of private
airplanes [5, 6]. In response, Sweeney's
lawyer just pointed out that nothing he did

LEONARDO TIMES N°2 2024 | 11



was against the law [5]. Simply taking data
on the position of aircraft, publicly available
in one location on the internet, and sharing
it with another is not a crime. Yet it has big
consequences, for better or worse.

IN THE NAME OF SAFETY

How does the location of these private
jets become something you can so easi-
ly find then? These aircraft are equipped
with ADS-B (Automatic Dependent Sur-
veillance-Broadcast) transponders, which
transmit their GPS location to anyone who
can set up a receiver to listen [/]. The rea-
son for this is safety: keeping nearby air-
craft and air traffic controllers aware of the
locations of every aircraft helps avoid col-
lisions. In November 1996, a Boeing 747
operated by Saudi Arabian Airlines collided
midair with a Kazakhstan Airlines Ilyushin
II-76 just West of Delhi, sadly killing all 349
passengers and crew aboard both aircraft
[8]. This accident was caused by a failure
in - communication between the Kazakh-
stani crew and ATC, and it is assumed that
they misunderstood the altitude assigned
to them due to poor English. The control-
ler failed to to spot the mistake because the
airport lacked secondary surveillance ra-
dar, meaning the aircraft transponders were
not being received [8].

Traditional  transponders,  like  those

equipped on these aircraft, receive interro-
gating radio signals from ground stations and
respond by broadcasting a four-digit code
and, depending on the mode, the pressure
altitude. ltmeans that air traffic controllers can
see, in addition to the horizontal position of
the aircraft using primary radar, the altitude
and an identifying code for each flight un-
der their control. Since the 2000s however,
nations have increasingly required a more
advanced ADS-B system [9]. This system is
backwards compatible with previous radar
systems but, instead of a four-digit code,
each aircraft broadcasts a unique 24-bit
message containing the aircraft address, po-
sition, altitude, and velocity without the need
for interrogation [7]. This in turn allows ACAS
(the Airborne Collision Avoidance System) to
warn pilots of any nearby aircraft presenting a
collision threat [9]. Ifimminent, the system will
also instruct pilots to conduct a maneuver -
hopefully avoiding the other aircraft.

The benefit of this system is that it is com-
pletely independent of ground stations and
far more accurate, meaning that potential
collisions can be detected and avoided re-
gardless of the circumstances [9]. The side
effect is that the aircraft is locatable, and
therefore tracked, by anyone with a suitable,
inexpensive antenna and computer Soft-
ware. For the most part, this just means that

Donald Trump'’s private Boeing 757-200, an aircraft designed for over 200 passengers
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aviation enthusiasts can track flights nearby.
It means aerospace engineering students
at TU Delft can be excited by the particular
type of aircraft flying miles overhead and that
loved ones can keep an eye on your flight for
reassurance. It means that everyone can see
when a flight is delayed, but most important-
ly, ADS-B keeps everybody safe.

But it also allows us to see where private jets
fly. Although the ownership of an aircraft may
not be known immediately, it is often fairly
easy to determine based on either official
registries or the flight patterns in relation to
where a particular celebrity happens to show
up. Online communities come together to
piece together these clues and write pro-
grams to automatically monitor their activity
and sometimes, as in the case of Jack Swee-
ney, post it to social media.

EASY AS PI

Flight-tracking data is easily found on-
line on websites such as Flightradar24 or
FlightAware, but they have to get it from
somewhere. While ATC organizations own
networks of specialist radio stations, these
internet-based services are not at such a
liberty. Instead, they rely on enthusiasts to
set up their own ground stations, sometimes
provided by the website's company, and re-
port the data back [10]. Using multilateration,
a type of triangulation, it is even possible o
calculate rough information about the posi-
tion, altitude, heading, and speed of aircraft
equipped with just an ordinary transponder.
This data is compared with airline schedules,
satellite data, route information, and data from
the Federal Aviation Administration to paint a
complete picture of what's happening in the
skies [10].

It is even possible to build your own receiv-
er using commercially available parts and
a Raspberry Pi to get information on aircraft
within range without involving the internet.
Most commercial and private aircraft loca-
tions are not just accessible online - they are
broadcast 24 hours a day to absolutely any-
one willing to listen. With little to no technical
knowledge required, it is little wonder that
Flightradar24 alone has over 7000 receivers,
covering the majority of skies over land inthe
whole world. In Europe, roughly 99% of the
airspace is covered [10]. This makes it pretty



impossible to fly anywhere without it being
visible to the whole world.

LAWYERS V. EARTH

While nothing is unlawful about receiving
or distributing these signals, celebrities fre-
quently threaten to sue those who do. For
example, in 2022, Taylor Swift's lawyers
accused Jack Sweeney of stalking, which
is a crime, and Elon Musk referred to his
accounts as sharing "assassination Coor-
dinates” [11]. Imagine being tracked every-
where you went, and every time you turned
up at work or university, there was always a
crowd waiting, who may not always have
the best intentions at heart. Imagine if every
time you took a journey, you knew that there
was someone, somewhere, shouting to the
whole world exactly what you were doing
and making judgments about you for doing
it. Imagine if it wasn't even you. If a friend had
borrowed your bicycle one evening but you
were scolded for wherever they happened
to end up. Perhaps it is the price of fame, but
at the end of the day, we are all only human.

On the other hand, the average person does
not fly to work. The average person does not
pollute more CO, in forty minutes than a car
doesin ayear, all while their collective wealth
continues to increase. With private jets and
yachts, the investments and assets oOf just
twelve billionaires produce more emissions
than two million average homes [12]l That's
just under five coal-fired power stations. The
average person spends more money than
they might otherwise do to make sustainable
purchases, a factor almost three-quarters of

)

—

ADS-B Out
i

us prioritize [13]. We are told that fighting cli-
mate change is a team effort, and everybody
must play their part if we are to succeed. How
is it fair that those with money are exempt
from this societal obligation? Should they not
be held accountable for their actions if they
choose toignore it?

There is, of course, a simple way for celeb-
rities to avoid being tracked in this manner.
Simply fly less and make use of other modes
of transport when possible. Earlier this year,
Taylor Swift flew from her tourin Tokyoto Las
Vegas the same night to watch her partner
Travis Kelce play in the Super Bowl in Las
Vegas [11]. She returned to Australia later that

X/@SWIFTJETNEXTDAY
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week to continue her tour the same week.
While some admire her dedication, others
point out that such a lifestyle is unnecessary,
unsustainable, and unfair. If flights must be
made, commercial airliners per passenger
are far better for the environment and will
continue to become greener with time. An
increasing number of government officials
fly commercially to save money and reduce
their carbon footprint [14]. It proves it can be
done, even with the burden of fame, and
increases pressure on those who refuse to.
When allis said and done, lawyers and court
cases will be meaningless if there is nobody
left to sue.

CONCLUSION

We must share a certain sympathy
with celebrities who fall victim to crime
enabled by internet flight tracking. But
the system responsible for the lives of
millions of passengers every day exists
and will continue to exist regardless.
It allows the public to hold celebrities
accountable for their dangerous habits
and increases awareness and pres-
sure to subdue them. These people
choose tojet around the world, but the
rest of us and the environment pay for
it. Nobody is above the laws of reality.
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The past, present, and future of NASA's

well-traveled twins

Somewhere at the edge of the solar system, a car-sized
contraption emerges through the interstellar medium. With
outstretched spindly arms and a gleaming white conical dish, this
megaphone-like boxy structure has seen it all, from the volcanoes
of lo to the fragility of our home from afar.

ow hurtling through the void at 17
|\| kilometers per second, Voyager 1 is

the furthest artificial object over 24
billion kilometers away from the nearest (and
only) service point. Although it continues to
phone home, a recent case of communica-
tion hiccups has waved an air of concern
about its impending end. Meanwhile, Voy-
ager 2, its identical twin at over 20 billion ki-
lometers, continues to run under No system
redundancies. It is a matter of when, not if,
the seemingly immortal twins heed the calls
of Father Time. Stuck in the past, the probes
continue to extend their impressive mileage
on half-century-old technology.

SAVING SCIENCE,

ONE PIECE AT A TIME

The Voyager program was a successor to
the four-probe Grand Tour program of the
1960s, conceived to take advantage of a
rare alignment of outer planets that occurs
once every 175 years [1]. This alignment
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would allow a single spacecraft to visit all
four outer planets—Jupiter, Saturn, Uranus,
and Neptune—by slingshotting through
their gravitational fields to reduce the fuel
needed for the journey. The first pair of
probes would visit Jupiter, Saturn, and Pluto
(still a major planet at the time), and the sec-
ond would visit the ice giants Uranus and
Neptune, in addition to Jupiter. The Grand
Tour program was ultimately canceled due
to program costs of over $1 billion and the
allocation of NASA's shrinking budget to the
Space Shuttle program,. The Grand Tour,
however, never really died.

Engineers and scientists responsible for the
probe's development at the Jet Propulsion
Laboratory (JPL), were reluctant to waste
any opportunities and devised a plan. An
approved proposal was made for replacing
the original Grand Tour program with cheap-
er Jupiter and Saturn-bound probes derived
from the highly successful Mariner program.

Two probes were launched for redundancy.
While the mission's scope was downscaled,
it still utilized the Grand Tour's launch win-
dow and the probes would proceed to the
ice giants upon the successful completion
of a Saturn mission. With every ounce of de-
termination to build a spacecraft able to live
long enough to see Uranus and Neptune,
JPL worked quietly to design and upgrade
long-lasting systems.

In piecemeal fashion, the possibility for ice
giant visits was integrated into the project,
funding the new "Grand Tour" periodically.
Thanks to the data returned by Pioneers
10 and 11 during the development of the
new probes, the crucial need for new sys-
tems to survive Jupiter's harsh radiation
environment was proved. Additional funds
were approved for technological enhance-
ments wherever necessary, such as new
programmable computers and nuclear bat-
teries. Eventually, the so-called "Mariner-Ju-
piter-Saturn” probes became completely
different from the original Mariners, while the
design of the mission evolved along with
the spacecraft. The probes would be chris-
tened "Voyager” only months before their
launch [2].

A ROCKY START

In August 1977 Voyager 2 began the adven-
ture of its lifetime strapped aboard a Titan IIlE
rocket. Numbered by their order of arrival at
Jupiter, Voyager 2 was launched first to keep
the possibility of the Grand Tour open. Voy-
ager 1 was launched just two weeks later
on a faster trajectory to visit only Jupiter and
Saturn. In December 1977, Voyager 1 over-
took the distance of its twin while they were
both cruising the Asteroid Belt. However,
the first leg of Voyager 2's mission, was not
exactly smooth sailing. The failure protec-
tion system of Voyager 2's new computers
was accidentally left on during launch [2].
Its internal gyroscopes, needed for attitude
control only after the spacecraft's separation
from the launch vehicle, went into overdrive
under launch vibrations. Fortunately, the
problem fixed itself as the system automati-
cally restarted after launch [2].

Several months into the trip to Jupiter, Voy-
ager 2 automatically switched from its pri-
mary radio receiver 1o its backup after an



operator had forgotten to set a timer to send
a regular signal to the spacecraft. The back-
up, however, was faulty. The spacecraft was
rendered unresponsive for a week after dis-
covering that the primary receiver failed after
switching back. Thanks to the probe’s repro-
grammable systems, contact was regained
with the backup receiver, which required
detailed and continuous frequency adjust-
ments to uplink transmissions.

TOURISTIC TWINS

Lennon and McCartney. Bonnie and Clyde.
Jobs and Woz. Marie and Pierre Curie. His-
tory has seen its fair share of dynamic duos
revolutionizing different fronts; Voyagers 1
and 2 are undoubtedly the most iconic pair
in the realm of planetary science. Through-
out their travels, they have returned post-
cards from the planets that stumped mission
scientists. As it zipped past Jupiter, Voyager
1 opened a trove of surprises for its sister
to study in further detail, including the pres-
ence of a thin ring system and the discovery
of active volcanoes on lo. At the time, Earth
was the only known body in the Solar Sys-
tem with volcanic activity; lo, at roughly the
size of our Moon, experiences a tenfold of
our volcanic activity due to the constant
cyclic stretching of its surface imposed by
Jupiter and other major moons such as Eu-
ropa and Ganymede. Snapshots returned
swirling patterns at Jupiter's bands and the
infamous Great Red Spot, revealing convec-
tive and cyclonic activity.

The trips to Saturn brought back the most
scenic of views and a wealth of science,
namely the complex structure of Saturn’s
rings, polar auroras just as seen on Jupiter,
and the discovery of additional moons. Of
all the moons, Titan was of primary interest,
and it was to be Voyager 1's final Saturni-
an stop before being flung into the abyss.
During the quick flyby, an atmosphere of ni-
trogen was revealed, along with images of a
hazy atmosphere leading to the speculation
of rivers and lakes of soupy hydrocarbons;
they were later confirmed in the early 2000s
by the Cassini-Huygens mission.

Voyager 2 soldiered on to Uranus and
discovered two rings and eleven moons.
High-resolution images showed Miranda’s
grooved and complex terrain, providing

LEONARDO TIMES N°2 2024



clues of its violent past; it was hypothesized
that a collision with another body caused it to
break apart and eventually reassemble itself.
The swing through Neptune not only led to
the discovery of more previously undetect-
ed rings and six moons, but also an elliptical
swirling storm, similar to Jupiter's "Great Red
Spot”, aptly named the "Great Dark Spot”. Be-
fore going into the great beyond, Voyager 2
took a final look at Triton. It revealed further
unusual volcanic activity elsewhere in our
neighborhood, with cryovolcanoes (or "ice
volcanoes”) spewing nitrogen gas.

On Valentine’s Day of 1990, we received
the last series of photos from the Voyager
program. Voyager 1 turned around to take
one last glance at our cosmic vilage and
snapped away. The album consists of sixty
photos of the planets to construct a "family
portrait” of the Solar System; one image, in
particular, instantly became one of the most
important images in human history. At first
glance, this grainy image taken six billion
kilometers away may not show much other
than bands of light. Entitled "Pale Blue Dot”,
this humbling image is the furthest photo-
graph ever taken of Earth, seen as a blue
speck smaller than a pixel.
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SPACE JAM

The Voyagers cannot be left without a
playlist for their lonely lifelong road trip, also
intended for anyone out there to listen to in
case they stumble upon the travelers. Enter
astronomer Carl Sagan -not only well known
for his efforts in science communication but
also for compiling the hottest mixtape in the
cosmos. Described by Sagan as "a message
in a bottle, cast into the cosmic ocean” [3],
each probe carries a foot-long gold-plated
copper record, or "The Golden Record’,
which serves 1o paint a picture of life and
culture on Earth. It consists of 118 images,
55 greetings in ancient and current languag-
es, the sounds of nature including thunder,
wind, and various animals, and 90 minutes
of music from diverse genres. The onboard
playlist is an eclectic mix of traditional mu-
sic from various countries and the classical
works of Beethoven and Bach; extraterrestri-
als were even granted the chance to rock out
to Chuck Berry's "Johnny B. Goode” [4].

WHERE ARE THEY NOW?

The Voyagers are commonly mistaken for
having left the Solar System. In 2012 and
2018, Voyagers 1 and 2 crossed the helio-
pause respectively, being the boundary be-

tween the sphere of influence of solar winds
and interstellar medium [5]. Interstellar space
by definition, however, does not mark the
edge of the Solar System—Voyager 1 first
has to pass the Oort Cloud, a spherical shell
of ice and leftover debris from the forma-
tion of the Solar System. First postulated by
Dutch astronomer Jan Oort, this theoretical
region could be the birthplace of comets. It
is estimated that Voyager 1 will penetrate the
Oort Cloud within 300 years and take anoth-
er 30,000 years to pass through [5].

THE LITTLE PROBES THAT COULD
The Voyagers are the longest-running space
missions in history and continue to collect
data on interstellar plasma. Thisis largely due
o radioisotope thermoelectric generators
(RTG) as power sources, where electrical
power is generated by radioactive decay; at
such great distances, the probes cannot rely
on solar energy. However, at nearly 47 years
old, these power sources are beginning to
wane. To prolong the RTG's lifetime, more
instruments have been shut down. It is esti-
mated that the RTG will be unable to power
any instrument by 2030, but will still supply
enough juice to keep the probe transmitting
data until 2036.



Over the past few years, the probes have
continued to power through (pun not intend-
ed) and overcame every obstacle despite
showing their age on various subsystems,
such as thruster clogging and degradation
[71[8] and plagues of life-threatening glitches.

POKES AND SHOUTS TO SENILE
SPACECRAFT

Major software and communication glitch-
es have been making recent headlines for
both probes since 2020, when Voyager 2
automatically shut down all surviving instru-
ments after the delay of a scheduled ma-
neuver. The probe was saved after shutting
down a power-intensive internal system,
and the instruments have been in pow-
er-sharing mode ever since. Running on
backup systems with no remaining redun-
dancies, Voyager project manager Suzanne
Dodd said “Everything on both spacecraftis
single-string”.

In July 2023, a glitch in a series of routine
commands caused Voyager 2 to point its
antenna 2° away from Earth, losing all con-
tact with the spacecraft. A faint signal detect-
ed nearly two weeks later confirmed it was
still alive and well. After sending an amplified
radio signal, or an “interstellar shout” using
their Deep Space Network Facility in Can-
berra, Australia, NASA successfully regained
communications with the probe, which has
been operating normally since [9].

From then on, the saga only continued. On
November 14, 2023, Voyager 1 started to
beam incomprehensible data. Nothing use-
ful but repeating strings of binary nonsense
were received as if the spacecraft had gone
senile and started speaking gibberish. For
five months of radio silence, concerned
engineers have worked around the clock
o re-establish communications with Voy-
ager 1. A geriatric spacecraft failing to speak
coherently raised concerns about its loom-
ing end. On March 1, 2024, NASA “poked”
the probe by sending a signal prompting
it to return an insightful readout of its entire
memory structure [10]. Diagnostics pointed
the fault to a hardware issue in its data stor-
age system. A faulty chip responsible for
a sizable portion of its memory corrupted
the data, rendering it unreadable. On April
20, NASA began the workaround solution

Zoomed version of “Pale Blue Dot”

The Golden Record (right) and its protective cover (left), consisting of instructions
to play the record, a pulsar map showing the location of our sun (lower left), and a
depiction of the lowest state of a hydrogen atom (lower right)

by moving the chip's code elsewhere. As
no other component could store the entire
code, unused parts were deleted and the
remaining lines were sliced into appropriate
segments for allocation elsewhere within
the spacecraft's memory. "Hi, it's me” the
probe tweeted the following Monday on X
[11]. Voyager 1 confirmed that it was alive
and well, reporting the status of its engineer-
ing systems. On May 22, NASA announced
that two of its four remaining instruments
have resumed operations, with further com-
pletion underway [12].

CONCLUSION

The loss of these precious probes will
not be scientific or technical, but sen-
timental. They have, literally speaking,
gone above and beyond their original
mission. These eternal wanders are not
only technological triumphs, but carry
the legacy of our species for eons to
come. Regardless of operational status,
the Voyagers will live on forever, taking
allhumankind with them.
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SPACE

EFFECTIVE ALTRUISM

IN THE AIR

Maximizing your impact
on land, sea and air

Topias Pulkkinen, Leonardo Times Editor

EFFECTIVE ALTRUISM

Effective Altruism

The EA movement uses the lightbulb as its symbol

Effective Altruism is a global movement officially founded in 2011
with the primary aim of “using evidence and reason to figure

out how to benefit others as much as possible and taking action
on that basis”. Aerospace engineers often don’t view their work
through an altruistic lens, but maybe they should.

ffective Altruism (EA) is a modern
Egloba{ philosophical and  social

movement, with its main tenets for-
mulated in the 2000s by a group of various
philosophers, economists and scientists
across the Western World [1]. Since then,
the group has grown to a more global prev-
alence, being held in rather high esteem
across many of the world's top universities.
TU Delft is no exception and, since 2022,
has also had its own branch of Effective
Altruism: EA Delft [2]. The "evidence and
reason” part refers to ensuring value neu-
trality in its actions, as EA aims to maximize
its impact to drive global development and
lessen human suffering, be it through or-
thodox or heterodox ways [1].

Atfirstglance, one would think that there is lit-
tle crossover between Effective Altruism and
aerospace engineering. Most aerospace en-
gineering serves various human needs from
the advancement of science to the need for
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transportation. Despite their mutually revers-
ible acronyms, the two have little overlap in
terms of focus, right? Let's discover together.

One way to link Effective Altruism to aero-
space engineering is through cause area
prioritization and research. Effective Altruism
collaborates with a plethora of organizations
around the world, such as the 80,000 Hours
organization, and their shared brainchild, the
"Effective Thesis”. The Effective Thesis initia-
tive aims to provide university students and
researchers with topics they think should
receive more research attention and funding
due to their potential impact [3]. A common
metric on which these topics are recom-
mended is their neglectedness, the discrep-
ancy between the current received attention
and possible impact.

For example, EA certainly recognizes the
issues involved with many possible climate
change scenarios, but views it as a cause

area that already gets sufficient attention.
On the flip side, one major cause area that
is currently neglected compared 1o its po-
tential implications is Al safety and the lack
of global regulation and oversight for its fore-
seeable development [1]. The research top-
ics outlined by Effective Thesis range from
the social sciences to engineering and en-
compass many things in between for both
quantitatively- and  qualitatively-oriented
professionals [3]. Some of their current sug-
gestions for people working in aerospace
engineering include looking at the research
priorities agenda of the Space Futures Initia-
tive (SF), a US-based non-profit [4].

The Space Futures Initiative Research Agen-
da looks at a variety of space-related niches
and fields of study. Some of the more ne-
glected ones include, for example, space
conflict, the use of Al'in space, space gov-
ernance and norms, space sustainability
and space resources and property rights [4].
These fields are subdivided into further cat-
egories on which research should be con-
ducted. For example, space governance
and norms are categorized into enforce-
ment, norms and values, distribution of ben-
efits, and governance mechanisms. These



There currently is no global space police, but UNOOSA is as close as it gets

categories are then divided further so that
each contains a list of questions for research
for anyone with the academic background,
means and interest to produce academic lit-
erature about the topic.

Aerospace engineers interested in altruism
and society may be | drawn towards one
particular area - space governance. It is one
of the areas advocated by the SFI Research
Agenda. The current United Nations Office
for Outer Space Affairs (UNOOSA) framework
sets ground rules for peaceful state-actor
conduct in space but will require updates in
the coming decades with the changing face
of the New Space Race as well as the wide-
scale commercialization of the outer space
domain [5]. This is especially critical at a time
when countries around the world are in the
process of creating their own "Space Forc-
es” Some critical questions asked by the SFI
are the just distribution of power between su-
pranational, national and more localized ac-
tors in taking legislative and executive action
in the space domain. Furthermore, topics
such as how should the science community
tackle the prospects of a "Regulatory Race
to the Bottom”, culminating in the creation of
the technologically most advanced space

ecosystem in whichever country is most
wiling to bend the rules of good conduct.
Additionally, questions about the economic
aspects of space use are raised and the pro-
posal to open dialogue about the treatment
of space-generated data as a public vs. pri-
vate good is presented.

On the enforcement side of the equation,
many more unanswered questions remain.
In particular, the scalability of national en-
forcement mechanisms is brought into
question, and harboring goodwill and trust
between private and state actors is raised
as a point that requires a more systematic
framework [4]. Furthermore, questions are
raised regarding the parties that would end
up responsible for space object databases,
perhaps a space traffic management (STM)
system, and if new international bodies will
need to be created for this stated purpose.

There is no need to worry for those who
don't possess a background in engineering.
Effective Altruism and its affliate organiza-
tions fund and encourage research in many
fields, such as biosecurity, animal welfare, Al
governance & safety, ((heterodox) develop-
mental) economics and global affairs [1].

"Aerospace engineers
most often don’t view
their work through

the altruistic lens, but
maybe they should.”

CONCLUSION

In conclusion, without a doubt, a ca-
reer in aerospace engineering should
be no obstacle for those wanting to
work towards furthering altruistic goals.
With everexpanding possibilities to
conduct cross-disciplinary research,
combining elements from both the
hard sciences and the humanities,
many global issues can be alleviated
through one’s rigorous will to improve
lives across the world. The aerospace
community's analytical approach to
things most certainly won't make it any
less effective.
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7 practical ways

you can grow and
develop at ASML

Discover how we foster a culture of innovation by promoting
lifelong learning and investing in our people’s development

In 40 years, ASML has grown from a small start-up to a company with more

than 40,000 employees. Together, they push the boundaries of technology and

build the most complex machines in the world. These people, along with the

knowledge they carry, are the lifeblood of our organization, so it is important to

keep them engaged and support their development. How do we do that?

Read on to find out all the ways we’re investing in our people’s growth

1. On-the-job training

At ASML, we’re doing engineering work unlike any other
company. Once you’ve joined us, you’ll need time to adjust

and get up to speed with our complex technology. Luckily, we
offer you our most valuable asset to support your training, the
knowledge of our people. We draw from almost 40 years of
innovation, and our pioneering engineers are eager to share
their expertise. A great example of this is our annual Technology
Conference, which started out 22 years ago as a knowledge-
sharing event among engineers and has become one of the
world’s largest technology insights and innovation conferences.
Training on the job is the standard, given the specific knowledge
and way of working needed by each team to contribute to our
technology. If you’re up for the challenge, you will grow quickly,
while having the opportunity to share your fresh ideas.

2. Engineering training like nowhere else

Our machines are some of the most advanced and complex in
the world and the engineering skills that they require are unique.
For this reason, we’ve built state-of-the-art training centers in
our locations around the world that — depending on your role —
will help you get hands-on experience with our machines before
you even set foot in the cleanroom. These facilities include
virtual reality training rooms that allow you to ‘virtually’ access
our lithography systems, and practical training courses where
you engage with close replicas of our machines. Moreover, you
can experience our unique software first-hand and learn from
our experienced colleagues-turned-trainers.

3. Internal mobility

Investing in our people and their development also translates
into long-lasting careers at ASML. To ensure our team members
experience job satisfaction and a flourishing career, we make
sure to provide you with ample internal mobility and career
education opportunities. Every year there are multiple career
development events, lectures and workshops, a global internal
careers festival and a dedicated internal job posting platform.
This way, employees can learn tips and tricks from expert
lectures, educate themselves on career matters and check out
vacancies across departments and disciplines. Interested in a
radical career jump? It's possible at ASML.

4. Best-in-class learning solutions

Collaboration is one of our core values, so we’ve enlisted nearly
300 external learning partners to help us boost our people’s
growth. From Harvard and INSEAD, to MasterClass, our

teams have access to over 300,000 learning and development
courses via our in-house learning experience platform. With a
wide variety of topics available, you can choose to become an
excellent public speaker, unlock a new engineering skill or pick
up any other non work-related skill you want to develop, like
gardening or cooking. In fact, our people make the most of all
these courses. According to internal research data, in 2022 every
ASML employee spent 50 hours in formal training — equivalent to
almost seven workdays dedicated to learning.



5. Personalized training programs

With an enormous number of learning courses available, it’s
easy to feel overwhelmed and you may need guidance on how to
best approach your development. To help our people navigate all
this learning content, we’ve built a global community of in-house
learning and development experts. They know everything about
ASMLs learning and development opportunities and can set up
personalized learning programs for you. That training trajectory
will set you up for success in your chosen career path.

6. Mentoring and coaching

Our employees also have access to coaching programs from
both external and internal experts, enabling a holistic approach
to career development. ASML leaders are the first line of
informal coaches available, supporting our employees through
on-the-job training and guidance. Some departments, for
example, have mentorship programs, connecting senior
engineers to new members of the team. Where professional
coaching is needed, our employees have access to an
automated coaching platform which assigns them a coach
based on expertise, location and language.

About ASML

7. Leadership training

We support our people to develop into leaders that will inspire
and motivate their teams to make the impossible possible. We
achieve this through a variety of leadership training courses,
such as programs that help first-time leaders develop people
management skills and leadership capabilities. We also have
advanced programs for experienced leaders to further develop
and prepare for strategic roles. In addition, we offer the Early
Career Acceleration program (ECAP) for ‘high potential’ young
leaders to develop their skills, and the Advanced Leadership
Acceleration Program (ALAP), which is a nomination-only global
talent development program for experienced leaders. Lastly, an
internal executive leadership initiative connects ASML executive
leaders so we can increase crosssector collaboration.

ASML is a high-tech company, headquartered in the Netherlands. We manufacture the complex lithography machines
that chipmakers use to produce integrated circuits, or computer chips. In almost 40 years, we have grown from a small
start-up into a multinational company with over 60 locations in 16 countries and regions, more than 40,000 people

of 143 nationalities, and annual net sales of €21.2 billion in 2023.

Behind ASML’s innovations are engineers who think ahead. Our researchers, engineers, and manufacturing specialists,
as well as our high-tech hardware and software, all work at the edge of what’s possible. That’s why our customers include

all the world’s leading chipmakers.

Because ASML spends €3.3 billion per year on R&D, our teams have the freedom, support, and resources to experiment,
test and push the boundaries of technology. They work in close-knit, multidisciplinary teams, listening to and learning from

each other.

If you are passionate about technology and want to be a part of progress, visit www.asml.com/careers
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SPACE BEYOND
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Embracing disabilities
in space exploration
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Naomi Lijesen, Leonardo Times Editor

A
ASTROACCESS

=t .y

S -

AstroAccess facilitates a parabolic flight so a group of people with physical disabilities can experience weightlessness, and test

microgravity accessibility tools

In November 2022, ESA made history by selecting John MckFall,
a former Paralympian and surgeon, as the first astronaut with
a physical disability, opening a long-closed door with one

pioneering move.

stronauts traditionally represent the
Aelite - highly skilled, well-educated

and in peak physical health. Space
exploration, filled with risk, prompts agencies
to put their best foot forward when select-
ing people to launch into orbit. ESA's Paras-
tronaut Feasibility Project is among the first
to include the 15% of individuals on Earth
who have a disability in space exploration.
In addition to rigorous psychological and
educational requirements, candidates with
lower limb deficiencies, pronounced leg
length differences, or short stature are now
also considered in the agency's selections.
McFall's objective within the Parastronaut
Feasibility Project is to assess the options for
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including astronauts with physical disabili-
ties in future space missions. After losing his
leg in a motorbike accident at age 19 and
relearning how to walk with a prosthesis, he
took up running and went on to win a Bronze
medal at the Paralympics for the UK. Since
his selection two years ago, he has moved to
ESA’s Astronaut Centre in Cologne, Germa-
ny, to begin preparation for living and work-
ingin space. McFall has already experienced
weightlessness in the zero-gravity flight, ap-
propriately nicknamed the ‘vomit comet’
and, most recently, he became the first am-
putee to undergo testing in the centrifuge
- used to simulate the extreme gravitational
forces experienced during launch - so that

we can better understand how blood flow
is affected within the body [1]. Much of the
Feasibility project involves assessing how
people with physical disabilities are affected
within the typical mission training, and what
modifications to spacecraft and spacesuits
may be necessary to accommaodate them.
For example, adjustments to the exercise
equipment astronauts aboard the ISS use for
two hours per day. In McFall's case, the flexi-
bility of his running blade will need to be dif-
ferent when using ISS’s anti-gravity treadmill
compared to treadmills on Earth [1]. Another
example is how the microprocessor in his
day-to-day prosthesis must be recalibrated
for zero-gravity conditions [1]. The range of
necessary modifications requires thorough-
ness.

ESA is not alone in this initiative, the United
Nations Office for Outer Space Affairs has a



"Space for Persons with Disabilities” project
which advocates inclusive development
in the space sector. It promotes accessible
technologies and engages decision-makers
for disability at conferences globally. Private
spaceflight and space tourism generate pos-
sibilities for a diverse group to experience
outer space or weightlessness. Initiatives
such as AstroAccess aim to provide those
with disabilities these experiences, without
needing to become an ESA astronaut and
endure theirdemanding hiring process. They
collaborate with disabled scientists, veterans,
students, athletes, and artists to test accessi-
bility tools in microgravity and explore how to
design spacecraft environments to ensure all
astronauts, regardless of disabilities on Earth,
can work and thrive in space [3].

So, why include astronauts with disabilities?
The scientific and technological break-
throughs founded from space exploration
are vast. The International Space Station
- not just a shockingly expensive floating
home - is an exceptional research facility
with highly skilled minds dedicated to ad-
vancing science and developing technol-
ogies for the betterment of lives on Earth.
Including astronauts with disabilities in this
already fruitful field means benefitting from
their extraordinary perspectives and resil-
ience, thereby accessing new talent, under-
standing and innovation. The stigma that de-
clares disabled persons to be less qualified
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for space is one that needs challenging. The
fact that the existing technology will need
adjustments should not overshadow the
unique advantages that individuals with dis-
abilities bring to life and work in space. Diver-
sity is not being introduced into this field just
for the sake of diversity.

An example where people with a disabili-
ty may be better suited to life in space are
Deaf and hard-of-hearing individuals as they
have a natural resistance to motion sickness.
Nausea and illness result from conflicting
signals from the inner ear, eyes and other
sensors in the body. Therefore Deaf indi-
viduals without a functioning inner ear do
not experience these symptoms. In the first
few days of spaceflight, astronauts must ad-
just to space-related motion sickness and
are, therefore, distracted and less prepared
or alert for potential issues at the beginning
of their mission. Recognizing this particular
advantage even in the 1950s, alongside
the possibility of reducing training time and
costs, NASA recruited deaf men to partic-
ipate in studies and training, naming the
group the Gallaudet 11 [2]. Despite this, they
were ultimately declared unfit for spaceflight.
The introduction of sign language or newly
developed FM-like systems (see Figure 3) as
alternate modes of communication would
introduce extra cost and training hours into
an already long and expensive education
process. However, it also solves the prob-
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Diagram illustrating the utilization of an FM system on Earth to transmit audio signals
into a hearing aid receiver via a designated FM radio channel [2][4]

lem of hearing degradation due to long-term
exposure to machinery noise on the ISS. An
issue that will only become more relevantin
future manned missions on Lunar and Mar-
tian bases [2].

Similarly, blind or visually impaired individuals
also present capabilities that are advanta-
geous in space. In emergencies where vision
is limited, for example, if the lighting fails, blind
astronauts do not need to wait for their eyes
to adjust or look for a flashlight in the dark -
they are already heading to the source of the
problem and are onto the next course of ac-
tion as they are practised in relying on memo-
ry for the orientation and location of their sur-
roundings. Moreover, creating space safety
systems accessible to blind astronauts would
also assist sighted astronauts in darkness via
tactile and auditory cues. In critical moments,
this innovation could be life-saving. It illus-
trates an important theme - accessibility often
drives innovation that benefits all.

People with paraplegia, partial paralysis or
amputations, like Mr McFall, would arguably
find it easier to assimilate into a space mis-
sion. The weightlessness of space removes
several obstacles that they would experience
here on Earth. In some instances, chronic
pain disappears when weightless, and so
their quality of life and ability to function is bet-
ter suited 1o space. Furthermore, someone
accustomed to relying on assistive technolo-
gies (ie. a wheelchair) might ind it easier to
maneuver in microgravity environments.

Lastly, in certain cases, individuals with
chronic illnesses could also potentially be
well-suited to life in space. For example,
people who use ostomy bags would have
the advantage of not needing to rely on the
complex and costly space toilets. Additional-
ly, individuals accustomed to regular health
assessments and sel-management of their
health conditions might find the routine of
astronauts, who undergo continuous health
monitoring, as less intrusive and easier to ad-
justto [2].

In general, living with a disability can foster
a high level of resilience and mental tough-
ness, which are critical traits for handling the
stress and isolation of long-duration space
missions.
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The Gallaudet 11 research participants communicate in sign language while seated in

a zero-gravity aircraft prior to departure

But, where should the inclusivity end?
Dutch ESA Astronaut Andre Kuipers notes
in a conversation with Leonardo Times that
"there are exceptions [to who space agen-
cies can select]. You have to be realistic
about addressing the safety concerns that
might arise, for instance, if a blind astronaut
needs to escape quickly. But | was wearing
glasses when | got selected; nobody's per-
fect. Disabilities come in all kinds of levels.
We're not birds. We're not fish. But we canfly,
and we can go underwater. Space is simply
the next step.”

Indeed, while solutions are being present-
ed for the inclusion of certain disabilities,
specifically deafness/hard of hearing, blind-
ness, paraplegics and amputees from the
waist down, itis important to note that these
are but a portion of the vast array of dis-
abilities that currently exclude people from
going to space. Certain neurodiverse con-
ditions and learning disabilities are not yet
being explored. Neither are more compli-
cated chronic illnesses and whilst it is con-
ceivable that they may introduce prohibitive
risks with microgravity and the isolated envi-
ronment of space, only further research will
tell. ESA's Parastronaut Feasibility Project is
somewhat limiting as it primarily focuses on
those with physical impairments in the low-
er body. So, companies like AstroAccess
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and other initiatives must strive to continue
expanding accessibility in space explora-
tion. Ultimately though, feasibility must ad-
dress safety and also budget constraints
that might inevitably arise due to the modi-
fications in infrastructure across entities like
Axiom Space, NASA, and SpaceX as well
as modifications to the astronaut training.
As with many things in the pragmatic world
of aerospace engineering, this will require a
trade-off.

a parabolic flight

John McFall of the ESA Parastronaut Feasibility Project experiences weightlessness in

Whilst disabilities manifest themselves in
various forms, not every person with a dis-
ability will be suited to life in space - just as
not every other person in the world is. How-
ever, they share common advantages over
those considered "normal” - their excep-
tional and natural adaptability and attention
to detail. In navigating a world designed for
the able-bodied, individuals with disabilities
have honed their capacity to adjust and
innovate. These natural skills are arguably
among the most valuable character traits
of any astronaut. Astronaut Samantha Cris-
toforetti astutely points out “In space, we
all have a disability’, suggesting that those
accustomed to overcoming physical or
cognitive challenges may possess invalu-
able experience for space exploration. Util-
ising these natural skills as well as unique
biological conditions (for instance, the lack
of motion sickness due to deafness) can
reduce training and costs whilst accessing
an entirely new perspective and knowl-
edge base. It will only become more rele-
vant in the future of manned spaceflight as
missions such as Artemis progress and hu-
mans travel to the Moon and Mars. Perhaps
space agencies got it wrong when they set
the precedent all those years ago. Perhaps
those of us with disabilities possess a depth
of expertise that marks them as the better
hire. Perhaps when we think about putting
our best foot forward, we should consider
that it might just be a prosthetic one.

¢
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THE EVOLUTION
OF FLIGHT SAFETY

How regulations and tragic lessons

shaped air travel safety

Muhammad Arham Elahi, Final Editor and Gerard Mendoza, Leonardo Times Editor

———

Flight attendant demonstrating how to fasten the oxygen mask

THE FIRST PREFLIGHT SAFETY
BRIEFING

The preflight safety briefing performed
by flight attendants during every flight has
been mandated by regulation since its in-
troduction in 1965, with the obligation of
showing people the emergency exits of the
aircraft [1]. This regulation has been contin-
uously evolving since. Most of these evolu-
tions have come from experimental analy-
sis, but most are “written in blood”. One of
the most crucial steps of air safety inves-
tigations is to see what went wrong, and
how we prevent this from recurring. Most
of the preflight safety briefing instructions
stem from previous incidents during aircraft
accidents. So, what s the reasoning behind
every point of the preflight safety briefing?

BRACE POSITION

"You can find instructions for the brace po-
sition on the safety card located in the seat
pocket in front of you.”

Why is there a "standard way" to position
yourself during a crash? Well, the answer
comes from the Kegworth air disaster. In
1989, British Midland Airways Flight 092
crashed while performing an emergency
landing at the East Midlands Airport. Sur-
prisingly, 79 out of the 126 occupants of
the aircraft survived the impact. A survivor
recounts the commands by the pilot to
brace. At the time, there was no predefined
brace position. After the accident, an anal-
ysis of what the survivors did during the
crash allowed investigators to introduce
several generic requirements to enhance
the survivability of the passengers. The
main point was that passengers who had
restrained their head and torso, for exam-
ple, by covering them with their arms and
pushing down, had had a higher surviv-
ability rate [2]. This is mainly because the
sudden deceleration causes the head
and back to suffer a whiplash effect that is
usually incompatible with life. There were
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31 recommendations from the report, and
many others also led to changes in the
safety procedures and, thus, the pre-flight
safety briefing, as we will see later.

SEAT BELTS

"To fasten your seatbelt, insert the metal fit-
ting into the buckle. Tighten by pulling on
the loose end of the strap. To release, lift
the buckle cover”

The importance of seat belts was initially
underscored in the automotive industry,
where their adoption became standard
practice. In airplanes, this safety measure
was inherited due to its proven track re-
cord. However, in 1947 there was some
resistance from certain airlines, who ar-
gued that tight belts could potentially harm
internal organs in the event of a crash. This
concern, even if true, is outweighed by
the overwhelming evidence of the safety
benefits of seat belts. The seat belts used
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in earlier cars and airplanes were the "lift-le-
ver buckles,” which have remained familiar
in airline industry practices [3]. In contrast,
the automotive sector has progressed to
using three-point harnesses, which incor-
porate a push-button alongside a shoul-
der harness, which is now the standard
in modern cars. However, airplanes have
not followed suit, citing various reasons.
Firstly, the adoption of a shoulder harness
in airplanes necessitates robust connec-
tions, requiring airframe reinforcement and
adding extra weight to the aircraft [13]. Ad-
ditionally, the lift-lever buckle strikes a bal-
ance between ease of opening and resis-
tance to accidental opening, which a push
button may not provide, especially if struck
by a flying object. Moreover, the forces ex-
perienced by airplanes during turbulence
primarily actin the vertical plane of motion,
making the lift lever buckle sufficient to
withstand these loads. Finally, the lift-lever
buckle is a mature, reliable technology that
is cost-effective to manufacture and install
(3.

The significance of seat belts in aviation
safety was highlighted in incidents like
Aloha Airlines Flight 243, where the entire
roof of the aircraft tore off mid-flight. Re-
markably, the pilots managed to land the
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The wreck of the infamous British Midland Airways Flight 092 after the Kegworth disaster
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plane safely, with only one fatality - a flight
attendant who was not wearing a seat belt
at the time [4]. Furthermore, during the
Kegworth survivability studies, it was also
concluded that wearing a seat belt during
the crash enhanced the survivability of the
passengers [2]. Seat belts prevented more
passengers from being ejected from or in-
side the aircraft, underscoring their critical
role in saving lives during emergencies.

EVACUATION PROCEDURE

"There are [N] exits on this aircraft. In case
of an emergency, floor-level lighting will
guide you to the nearest exit. Please take
a moment to locate the exit nearest to you,
keeping in mind that the nearest exit may
be behind you. More detailed information
on the evacuation procedures can be
found on the safety card located in your
seat pocket.”

The evacuation route and procedure were
some of the firstitems in the preflight safety
briefing. In 1928, a Fokker FlIl operated by
KLM taking passengers on an aerial sight-
seeing tour crashed during take-off from
Waalhaven Airport. The plane went into
the water and started to fill with water. Of
the 6 occupants, only one perished, but in-
vestigators determined that if the location

of the emergency exits had been briefed
before takeoff, the crash would have had
no casualties [6]. This is what led to the first
preflight safety briefing mandate in 1965.

Nowadays, commercial aircraft usual-
ly have between 4 and 6 exits, sO one
would think that by having this increase in
exit possibilities, the egress of the aircraft
could be performed quickly and unevent-
fully. Well, what if we told you that in 1985,
an aircraft had 55 fatalities despite not
even taking off and having 6 exits? You
would think this is impossible. But it did
happen. It is not only about the number
of exits but also the escape route charac-
teristics and the availability and operation
of the exits. This event was deemed the
Manchester Airport disaster. After abort-
ing a take-off, due to hot brakes and a fuel
tank burst, the Boeing 737-236 started
to catch on fire. Due to the disposition of
the aircraft with respect to the wind, it was
impossible to use 3 of the 6 exits: the left
overwing door and the 2 aft doors. During
the evacuation, a bottleneck formed at
the forward galley as the passageway
was only 57 cm wide [6]. This slowed the
evacuation drastically and obliged the
flight attendants to unclog the bottleneck
by literally pulling people out. Something
similar happened in the right overwing
exit. It was located in an inaccessible
point, as it did not perfectly align with the
space between seat rows, and thus was
partially covered. Currently, many man-
datory instructions issued during the pre-
flight safety briefing stem from actions tak-
en or, that should have been taken during
aircraft accidents [6].

The safety board concluded that an over-
haul of the cabin layout was needed such
that the exit route was wide enough to
accommodate the outflow of people and
not hinder the speed of the evacuation
[6]. Passengers should always remember
not to carry any luggage to prevent further
blockage, and to remove pointy shoes and
potentially-puncturing items, preventing
damage to the chutes.

EXIT ROW REQUIREMENTS
"Do you speak English? Are you at least 18
years old? Are you willing and able to assist



in the event of an emergency evacuation?”
If you have ever sat at one of the overwing
exits, you may have been asked some of
these questions, and shown how to op-
erate the door. But why? Well, while the
aft and forward exits are located at arm's
reach from the cabin crew, as their seats
are located in the galleys, the same can
not be said of the overwing exits. In case
of an evacuation, the cabin crew focuses
on leading the evacuation through these
exits, while the passenger seated next to
the overwing exits is responsible for op-
erating them. The stringent requirements
and in-depth explanation of the operation
of these doors also came after the 1985
Manchester Airport disaster [6].

During the fire, a passenger sitting in the
right overwing exit did not understand
how to operate the door, leading to a big
bottle-neck. When the door was opened,
many passengers desperately crawled
over the seats to reach the exit as the aft ex-
its were unusable and the heat was reach-
ing intolerable levels. In the meantime, the
seat back of the overwing exit collapsed
forward, further blocking the exit. The door
was also removed and placed inside the
aircraft, hindering the outflow of passen-
gers. Most of the casualties were located
around this exit [6].

Since then, passengers have been briefed
on how to operate and lead the evacuation,
and if unable or unwilling, they will have to
swap seats with another passenger.

OXYGEN MASKS

“In the unlikely event of aloss of cabin pres-
sure, oxygen masks will drop from the pan-
el above you. Pull the mask towards you
to start the flow of oxygen. Place the mask
over your nose and mouth, and secure it
with the elastic band. Even if the bag does
not inflate, oxygen is flowing. Be sure to se-
cure your own mask first before assisting
others.”

Oxygen masks serve a critical role in avi-
ation safety, particularly in the event of
depressurization occurring above 14,000
feet (4300 meters). At such altitudes, there
is insufficient oxygen to sustain human
consciousness, necessitating the use of
oxygen masks to provide a breathable

As unlikely as a water landing may be,

having life jackets onboard is imperative,

as they can save hundreds of lives.

Flight attendant demonstrating how to fasten the oxygen mask

supply. The crew initiates a controlled
descent to lower altitudes where the air
is breathable, as the oxygen masks draw
from a limited reservoir and cannot sustain
all passengers for an extended period.

But why pull on the mask? A common mis-
conception is that the oxygen is stored in
the reservoir tanks in gaseous form. How-
ever, this is not the case. Two solid chemi-
cals in the reservoir combine and produce
oxygen as a side product during their reac-

7

tion, making “pullin” a vitally important step.

The emphasis on the order of using ox-
ygen masks in announcements is also
crucial due to the rapid onset of hypoxia,
particularly depending on an individual's
health and the altitude of the aircraft. In
such situations, individuals may quickly
lose the ability to assist others if they do not
prioritize donning their own masks first.

Despite the vital role oxygen masks play
in emergencies, there is a potential down-
side: the risk of fire. Therefore, if a fire is
already present on board, oxygen masks
are not deployed to avoid adding fuel to
the fire. In the history of aviation, there has
been only one fatal accident attributed to
the presence of oxygen on board: the Va-
ludet Flight 592 incidentin 1996. This trag-

edy was caused by an expired and improp-
erly labeled oxygen generator, highlighting
the importance of proper maintenance
and labeling of onboard oxygen equip-
ment to prevent such accidents [7].

LIFE JACKETS

"Your life jacket is located [under your seat/
inthe overhead compartment/etc.]. Slip the
jacket over your head and secure the strap
around your waist. To inflate the jacket, pull
down firmly on the red tab after exiting the
aircraft. If needed, the jacket can also be
inflated by blowing into the tube. The life
jacket is equipped with a whistle and a light
to attract attention.”

As unlikely as a water landing may be,

MANCHESTER POBICE

o

The remains of British Airtours Flight
28M after the Manchester Airport
disaster
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One of the simulations presented in the report after the Kegworth disaster displaying

the dynamics of the brace position

having life jackets onboard is imperative,
as they can save hundreds of lives. The
location of life jackets varies by aircraft:
some are stored under the seat, others un-
der the seat in front, and some in the over-
head panel. This is why the introductory
line for the announcement is the jacket's
location. During the ditching of US Airways
Flight 1649, many of the passengers did
not manage to locate their life vests, which
could have resulted in tragedy [16].

Unlike the more common type of life jack-
ets, those present in aircraft are not intrin-
sically buoyant. Having a full life jacket for
every passenger would occupy too much
space. Thus, the airliner life jackets inflate
by pulling a cord, which opens a CO, can-
ister rapidly filling the jacket. If the canister
malfunctions, the jacket can be inflated
manually by blowing into a tube [16]. This
procedure also leads to a crucial point
in the safety announcement: life jackets
should only be inflated once outside the
aircraft to prevent passengers from get-
ting stuck inside a sinking aircraft, as the
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inflated jacket can obstruct movement in
confined spaces.

A tragic example highlighting this impor-
tance is the crash of Ethiopian Airlines
Flight 961. The flight was hijacked and
instructed to fly to Australia but lacked suf-
ficient fuel for the journey. It crash-landed
in the Indian Ocean, with the pilot manag-
ing to bring the plane close to an island
for quicker recovery [8]. However, many
passengers had prematurely inflated their
life jackets inside the aircraft. When water
began rushing in, the inflated jackets hin-
dered their ability to exit, especially as the
aircraft had turned upside-down and the
exits were below the water, resulting in
only 50 of the 175 passengers surviving
the crash [8]. This incident underscores
the necessity of following safety instruc-
tions regarding life jackets to maximize the
chances of survivalin an emergency.

SMOKING
"Smoking is strictly prohibited throughout
the duration of the flight.”

Smoking on flights was a contentious
issue in the late 20th century, with con-
sumer rights advocates and the Associa-
tion of Flight Attendants on one side and
airlines on the other. As public awareness
about the health dangers posed by smok-
ing grew, the opinion of flyers became in-
creasingly one-sided. Governments were
prompted to take action by the tragic loss-
es in Varig Flight 820 and Air Canada Flight
797 which resulted in a combined total of
146 fatalities. Both incidents were caused
by fires in the lavatory. The exact origin of
the fire remains unclear, but there is a very
likely candidate [9][10]. These events led
to a smoking ban on flights, particularly in
lavatories. However, regulations still require
ashtrays and smoke detectors in aircraft
lavatories to ensure that if someone does
break the law and smokes, there is a safe
way to dispose of the cigarette, reducing
the risk of a fire hazard.

AIRPLANE MODE

"The use of electronic devices is permit-
ted during the flight provided they are
switched to Airplane Mode.”

Could the fact that | am using my phone on
the plane cause it to crash? It turns out that
the answer is as easy as it seems. no. The
concerns about electronic devices causing
interference with aircraft systems have been
an issue since the 1980s. The fact that cell
phones emit radio waves caused concerns
among airlines and pilots that systems may
be disturbed. Several operators carried out
extensive research but were inconclusive
[11]. Thisis unsurprising. Usually, the electro-
magnetic spectrum usage is clearly defined
and divided, and the radio waves received
by phones are completely different from
those used by aircraft commmunications and
navigation [11][13].

The banis related to ground networks and
infrastructure. Carrying hundreds of radio
wave emittersin the airmay jam cell service
infrastructure on the ground. It is not much
of an issue at cruising altitude because of
the distance, but at lower heights, this may
become a significant issue [11][12]. There
also appears to be some debate on the
validity of these statements. However, in a
conservative approach, regulatory bodies



Turns out the answer to whether forgetting

to turn on Airplane mode can cause your plane

evacuation slides

still retain this rule [13].

THE SAFETY CARD

"We kindly ask you to take a moment to re-
view the safety card. It contains essential in-
formation, including evacuation procedures,
to ensure your safety during the flight”

Not all of the information can be mentioned
during the preflight safety briefing, so the
details on the instructions are visible on
the safety card. The information displayed
here varies with the airline, but generally,
you can identify the items mentioned by
the crew, such as the lifejacket use, oxy-
genmask use, etc., as well as details on the
evacuation procedure [14]. Forexample, ift
ditching occurs, the aft doors must remain
closed. If fire or danger is seen outside one
of the exit doors, it shall not be used [14].
There is usually also information on certain
restrictions during each phase of flight,
such as when big electronic devices may
be used, or when you can disconnect Air-
plane Mode. Finally, examples of the brace
position are also displayed [14].

A vital characteristic of these cards is that
they must be understood by every passen-
ger. Usually, the preflight safety briefing is
performed in English and the language of
the departure airport, complimented by a

Flight attendants learning the deployment and use of the emergency landing

to crash is as easy as it seems: no.

SUMMER HULL

visual demonstration. However, some pas-
sengers might still not have understood
it or have doubts about it. Thus, the card
is generally not written in any language,
but instead is highly ideographic with de-
scriptive pictures to illustrate what to do in
drawings and universal symbolism, mak-
ing it less open to interpretation and more
memorable. Thisis called the picture supe-
riority effect, based on dual-coding theory,
which states that information is processed
and represented in both verbal and visual
forms in the brain simultaneously [15].

FINAL CABIN CHECK

"As we prepare for take-off/landing, we
kindly ask that you fasten your seatbell,
raise the window blinds, return your seat
{o the upright position, and stow your tray
table and any large electronic devices.”

After the briefing and before take-off, as
well as before landing, the cabin crew will
perform a check to "secure the cabin’,
Take-off and landing are the most critical
phases of flight, where most accidents
accumulate, so it makes sense to take ex-
tra precautions. There are 4 main checks
performed (1) seat belts fastened, (2) trays
stowed and seats in the upright position,
(3) window blinds up, and (4) overhead

s

bins closed.

The first two items make perfect sense.
Survivability is enhanced if you can per-
form the brace position without being
hindered or hindering others, thus trays
and seats must be in a comfortable con-
figuration. Several simulations were per-
formed after the Kegworth air disaster,
and the highest survivability was achieved
by people wearing seat belts and having
this configuration [2]. The last item is also
understandable. During a crash or heavy
turbulence, the last thing you would want
is to have objects flying around the cabin
that could damage passengers. However,
whatis the deal with the third point? There
are 3 main reasons. Firstly, by dimming
the cabin lights and allowing the outside
light (or lack thereof) to enter the cabin, in
case of an emergency, your eyes will have
already adapted to the situation [10]. Sec-
ondly, having all windows up also allows
the cabin crew to alert the pilots when they
see something amiss [17]. Finally, in the
event of a crash landing, the subsequent
evacuation will not always be carried out
through all doors. Thanks to the open win-
dow blinds, the passengers and the crew
leading the evacuation can better deter-
mine the usable and unusable emergency
exits [171.

“CABIN SECURED.”

For frequent flyers, the preflight safe-
ty briefing is just routine, and they will
disappear into their book or head-
phones to wait for take-off. For first-
time flyers, the briefing may stir up
their nerves a little and they may pay
the utmost attention. However, the
undeniable and universal fact is that
the preflight safety briefing has saved
lives, and may save yours one day.
As we have seen, they are constant-
ly changing and evolving, the fruit of
investigations on how survivability
could have been enhanced. This is
why - whether a frequent or first-time
flyer - any passenger should listen to
it for their own benefit and the safety
of others. In the end, this briefing is
one of the key pillars that make avi-
ation the safest means of transport in
the world.
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LAMBACH
AIRCRAFT

The forefront of aircraft design

for the aspiring engineers
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When we think of the world of engineering and the teams that
comprise the many great projects of this century, our minds often
drift to the big projects. These big projects are led by big teams
split between several departments. This also applies to teams
developing cutting-edge aircraft/spacecraft designs. However,
itis stillimportant to recognize that innovation can come from
teams as small as 2-5 people working on similarly small projects.
This is the idea behind Lambach Aircraft, a student society
committed to small-scale aircraft design and expanding education

to the practical level.

THE TRIALS AND TRIBULATIONS
OF ENGINEERING

Lambach Aircraft started as a committee
of the VSV 'Leonardo da Vinci’ in 1989 to
rebuild and fly the HL-II, a biplane designed
in 1936 by Hugo Lambach. Both the name
of the aircraft and the society hail from him.
With the first flight taking place in 1995, Lam-
bach Aircraft soon switched to maintaining
the replica and trying their hand at their own
aircraft designs. This came with mixed re-
sults as the society continued to learn about
aircraft design and make progress on Impuls
and S-Vision, but faced difficulty with manu-
facturing full-sized aircraft. Aircraft design on
this scale presents a large challenge to those
justlearning the ways of engineering.

In 2015, the society would experience an
issue with the inflow of new members cou-
pled with older, more experienced members
leaving. This caused the HL-II project to be
severely understaffed and under-equipped
to maintain the aircraft. With this being the
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case, Lambach would eventually donate the
aircraft to the "Stichting Vioege Vogels” (Early
Birds Foundation). It led to discussion about
the future of the society and what would be
possible going forward.

After much discussion, Lambach switched
10 a society focused on the design of UAVs.
Although a difficult decision, it led to an over-
all brighter future, as now the society could
build and design aircraft on a smaller scale
without contending with larger overheads
in cost and maintenance. With this decision,
the boards for the following years would
focus on winning European UAV design
challenges. Along with the addition of Intro-
duction to RC UAV, a program providing new
members with experience in UAV design, the
society settled into its new role as the society
on campus for small aircraft design.

SHIFTING FOCUS
The change of focus paved the way for
Lambach to remain at the forefront of aircraft

Pavel Kelley, Lambach Chairman

design and construction within TU Delft, but
now on a much smaller and more manage-
able scale. UAVs allow for the rapid testing
and design of aircraft concepts or subsys-
tems. This allows for projects to be com-
pleted within one year, helping to alleviate
issues with information and project transfer. It
permits self-contained projects which, while
building on one another, allow for small but
very manageable goals for all involved within
the team.

However, Lambach is not just about design-
ing UAVs and small aircraft but also ensuring
the continuing education of its members on
a practical and theoretical level Programs
such as “Intro to RC" provide opportunities
for new members to build their aircraft and
learn (sometimes the hard way) the chal-
lenges of putting theory into practice. This
provides an incredible practical inspection of
UAV design since what works on paper may
need significant changes to perform well in
reality. This does not mean that members
entirely dispose of the theoretical in favor of
the practical, but instead, balance the two
with prototype testing and verification before
flying their first aircraft.

SMALL BUT STRONG

As part of our initiative to design and con-
struct UAVs with small-scale teams, the
question arises. What do we mean by small
teams? As Kelly Johnson, an influential aero-
space engineer of the 20th century, put it
"The number of people having any connec-
tion with the project must be restricted in an
almost vicious manner. Use a small number
of good people (10% to 25% compared to
the so-called normal systems)” [1]. Simply
put a limit on the number of members for any
given project to simplify it. While this requires
team members to be more well-rounded,
it allows for quicker communications and
less confusion regarding deliverables and
responsibilities. For Lambach, it means that
while we have many members, they are all
split into a few main projects. Each project
contains a maximum of ten people, limiting
what the team can achieve, but forcing them
o choose what should be done and what
they would like to achieve.

This choice is an important aspect of project
management - otherwise many teams keep
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An Intro to RC team

stacking on the number of features they want
their aircraft to have. This creates over-bud-
get and behind-schedule projects that take
up time and resources to get back on track or
to get rid of. With small team sizes and time-
line limitations, many teams will need to stick
to their primary goal With the added benefit
of shorter communications and a more mo-
tivated team, a small team composition be-
comes an obvious choice.

THE FUNDAMENTALS OF
ENGINEERING

While the small team approach to solving
engineering problems certainly allows for
efficient work, does it allow for new creative
thinking? The answer is yes, it allows for ad-
vancements to be made and it also allows
for projects to be conducted to increase
research and understanding of the topics.
Lambach is committed to the education
of its members along with aircraft design.
Projects or teams working on something
that has been entirely done in the past is not
uncommon. On the surface, these projects
may seem unnecessary and wasteful. Why
would someone complete a project just for
the sake of doing s0?
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Another team celebrating a successful test flight

Despite taking a "well-trodden” path, proj-
ects such as these provide an opportunity
for students to participate in the fundamen-
tal aspects of design. In this way, the princi-
ples of flight are viewed once more with the
physical lens of a UAV project. On this topic
specifically, Carl Sagan, a renowned astron-
omer and planetary scientist, comments:
"Basic research is where scientists are free to
pursue their curiosity and interrogate Nature,
not with any short-term practical end in view,
but to seek knowledge for its own sake" [2].
While Carl Sagan was not exactly referring
to projects such as these, it is still important
for engineers to "seek knowledge for its own
sake” improving their understanding of the
world around them by leaps and bounds.

A FINE LINE

However, this does not come without perl,
as small teams splitting resources across
a society pose a problem. This is com-
pounded by the fact that small teams often
lack specialization. Specialization, or more
specifically specialists, often bring the tech-
nical know-how for a particular subject to a
project. However, with a small team com-
position, the average team member is more

LAMBACH AIRCRAFT

BMFA competition team with their prototype after a flight test

"well-rounded” and “less specialized”. It leads
to either a team that poorly covers the areas
in which itis lacking in know-how, or a team
that rapidly brings in members faster than it
can figure out how to manage them. To over-
come these challenges, managers of teams
must know how to walk the “fine line” of re-
cruitment and leadership.

This can be remedied by implementing the
concept of "consultants’, which are skilled
but not assigned to the current project. In-
stead lending their advice and knowledge to
help solve a single problem without becom-
ing heavily involved. Maintaining the core
team of a project can also provide its ben-
efits, as a small group of tightly knit people
often motivate one another heavily, pushing
each other to go above and beyond in their
roles. This idea is also held by Ricardo van
der Plujim, an engineer at NLR, who states
about this strategy: "This approach keeps
communication lines short, boosts efficien-
cy and team spirit, and ensures everyone
remains focused on the project. | have seen
the benefits of this firsthand.” In larger teams,
the necessity of subdivisions and sub-teams
may isolate the team members from one
another. It is why many engineering firms,
Lambach Aircraft included, choose small
but strong.

CONCLUSION

Lambach aircraft remains at the fore-
front of aircraft design for aspiring
aerospace engineers. From rebuilding
replicas to designing large aircraft and
finally settling on many simultaneous
UAV projects, Lambach Aircraft plans
to continue to push forward, while
also educating its members on the
practical level. With the utilization of
small engineering teams to stay flexi-
ble and unburdened, Lambach allows
students to reexamine what they think
they understand and explore further
into what they don't
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Ever since its foundation, TNO has
been active in the field of advanced
optical instruments, and for over
50 years has been developing
instruments for use in space,
astronomy, scientific research and
manufacturing industry. Examples
of this work include the development
of instruments for measuring the
ozone layer (GOME and TROPOMI)
and a space telescope (GAIA). The
measuring instruments contribute
to dealing with important social
issues, spur on science and form
the basis for industry and job
opportunities in the Netherlands.

This is the time for
innovative solutions.
Join our team of experts



Benjamin Brenny,

Optical Designer

‘At TNO, you can truly immerse

yourself in technology.” ‘A great project
T e I worked on was Sentinel 5, an ESA
satellite that monitors air pollution.
This pollution is detected by means of
a telescope and spectrometers. Gases

like CO,, SO, and NO, each absorb light
in their own way. As a designer, I am
involved in the beginning of a project.

Optical design deals with optimising
and aligning lenses and mirrors, aided
by specialized computer software.

I also have a role in the performance
analysis of the design, before and after
it has been built. For example, what

is the impact of minor manufacturing
errors with respect to the model?’

I like the collaboration with industry,
but above all the societal relevance.
Take the satellite that measures air
pollution or the medical instrument
that detects eye diseases. Contributing
to these instruments gives me great
satisfaction. It’s not without reason
that I do so many different things, as

I am still searching for what I like best
- but that’s allowed here!

Read more about space and
scientific instrumentation at TNO:

m innovation
for life




SPACE

SPACE SHUTTLE
ABORT MODES

A fascinating story about making
space shuttle operations safer

Ruth Euniki Vraka, Editor-in-Chief, and Gerard Mendoza Ferrandis, Leonardo Times Editor

Parachutist testing a mockup of the bailout system

The space shuttle was a very unconventional vehicle, to say the
least. However, unconventionality usually comes at the price

of higher risk. Abort modes were established for every phase of
flight to make this state-of-the-art vehicle safer. How were these
procedures? Did they change with time? What other safety

mechanisms were considered?

THE SPACE SHUTTLE

When space access became increasingly
coveted by leading international powers,
a need arose for a reusable transportation
option. Within the United States and NASA,
this took the form of the spaceplane known
as the Space Shuttle. The Space Shuttle, of-
ficially called Space Transportation System
(STS), operated from 1981 to 2011. During
the time of STS, five Space Shuttles were
built and flew a total of 135 missions, with
852 payloads [1]. They also played a role in
constructing the International Space Station
(ISS) and launched, among others, satellites,
probes, and the Hubble Space Telescope.

The five Space Shuttles built were named;
Columbia, Challenger, Discovery, Atlan-
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tis, and Endeavour (delivered to Kennedy
Space Center in this order). Columbia and
Challenger were subjects of accidents in
2003 and 1986, respectively. Each Space
Shuttle is composed of three main compo-
nents (see Figure 1): the orbiter, an external
tank, and two solid rocket boosters. The or-
biter houses the mission crew and payload.
Once ready to launch (in a vertical position),
lift-off is achieved using the two solid rocket
boosters for the first two minutes of flight. The
solid rocket boosters are separated at ap-
proximately 46 km and recovered after para-
chuting to Earth. The external tank carries
fuel for the main engines of the orbiter and
burns up in the atmosphere after separation
at approximately 113 km, when the orbiter
has almost reached its orbital velocity.

WHY ABORT MODES?

Every space launch system developed since
the start of the space race has had an abort
procedure. These usually consisted of rapid-
ly separating the crew from the vehicle once
amajor fault was detected. The conventional
way of doing this, from the Mercury program
to Skylab, was through the so-called “Launch
Escape System” (LES) or“Launch Abort Sys-
tem” (LAS). It consisted of a tower with sev-
eral small solid rocket motors that could pull
the spacecraft away from the launch vehicle
in an emergency.

How can a similar system be designed for
such an unconventional launcher like STS?
The Shuttle’s orbiter-tank-booster configura-
tion posed difficulties in separating the crew
from the whole launch vehicle. Thus, the next
best way to ensure crew safety was to care-
fully design an abort procedure for all phases
of the flight. This, however, brought some
limitations to the payload-to-orbit. Despite
the first STS launch being fully abortable,
it was decided that consequent launches



would focus on maximum payload, so there
would be some windows where no abort
modes were possible [2].

This would change after the Challenger di-
saster. It was determined that a revision of
these modes was necessary, so new modes
were implemented to minimize the time of to-
tal loss of crew and orbiter [2].

THE BASICS

The launch and flight of the Space Shuttle is
a complicated procedure, and there are vari-
ous phases in which things could go wrong.
During each of these phases, emergencies
are handled differently. The first main differ-
entiation is made between pre-launch and
post-launch abort modes. Roughly 6.6 sec-
onds before launch, the three main engines
ignite. If an anomaly is detected in their per-
formance, monitored by computers, the en-
gines shut down and the countdown timer is
reset. This abort mode is called "Redundant
Set Launcher Sequence” (RSLS). RSLS oc-
curred four times in the history of the Space
Shuttle, to Columbia, Challenger, Discovery
(during its maiden flight), and Endeavour. At-
lantis was the only Space Shuttle not to expe-
rience RSLS [3].

Once the main engines are operating and
solid rocket boosters have ignited at T=0, liftoff
begins. During the first minutes of lift-off, until
the separation of the solid rocket boosters -
aborting is impossible [4]. During the remain-
ing ascent time, there are various specified
abort modes, distinguished between “intact”
and "contingency” aborts. Intact aborts are
aborts with which the orbiter returns to a run-
way or other landing site, or orbits at a lower
height than planned, usually due to the failure
ofone mainengine. Contingency aborts were
initiated after any other failures, failure of more
than one main engine, or when the orbiter
failed to reach the runway [2][5].

The aforementioned abort modes are auto-
mated, called by crew, or called by ground
missions control, depending on the type
and situation. Intact aborts due to the loss of
a main engine were automated, while contin-
gency aborts were mainly called by crew with
assistance from ground operations. Howev-
er, manual abort conditions were not always
certified because of the difficulty of planning
and simulating all possible failure conditions.
Therefore, further automation of aborts was
recommended to allow for better verification
of flight software and sequences [2].

PACE SHUTTLE VEHICLE
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Figure 1: Components of the Space Shuttle Vehicle
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THE ORIGINAL FOUR

There are four main intact abort modes, with
a defined order of preference of use. The
choice of an abort mode is based on criteria
such as the type of failure, failure time, and
amount of performance loss. If performance
loss was the only reason for an abort, the or-
der of preference is the one used in this sec-
tion. If a different failure occurred that com-
promised support systems such as vehicle
cooling, cabin leaks, etc, the abort might
have been chosen based on how fast the
mission could end. Itis also important to note
that a contingency abort was only chosen if
no intact abort was possible [5].

ABORT TO ORBIT (ATO)

The ATO abort mode was the abort mode
preferred by NASA. In a nutshell, ATO was
just a version of the mission where, due to
a single Space Shuttle Main Engine (SSME)
failure, the crew would aim for a lower orbit
[2]. It was the only intact abort mode ever
performed and occurred during the 19th
mission (STS-51-F) when one of Challeng-
er's main engines had an early shutdown.
This abort mode could engage from either
T+4min35s or T+4min07/s depending on
whether the orbit had a low or high inclina-
tion, respectively [4]. The orbit would be
reached after changing the burns by the
Orbital Maneuvering System (OMS) to a dif-
ferent point in time - putting the orbiter into a
lower circular orbit [6]. By going into a lower
orbit, the crew would have more time to con-
sider their options and decide if they wanted
to perform the mission at this lower orbit or
if they needed to return [2]. The abort mode
was called by mission control, and the crew
would either choose ATO on the abort mode
selector on the panel or simply perform the
OMS bums at the new targets [6].

ABORT ONCE AROUND (AOA)

If the AOA abort mode was initiated, the or-
biter would fly once around Earth, making a
normal entry and landing approximately 90
minutes after liftoff [5]. This maneuver could
only be initiated if the engine failure occurred
from about T+3min40s and would be initi-
ated similarly to ATO by either selecting the
AOA abort mode in the panel or performing
the OMS burns at the new targets [6]. The
maneuver would be completed with two
sequences: a deorbit maneuver and a nor-
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Figure 2: Shuttle orbital insertion inclinations

mal entry sequence. AOA is used should
the flight performance reduce to a level the
planned orbit cannot be achieved. It is also
used if there is not enough propellant to
reach the planned orbit and be able to deor-
bit [4]. AOA is also used if a critical support
system malfunctions (e.g. cabin leak) and the
mission must be ended [5]. Even though it is
the second on the list of preferences, AOA
is the least likely abort mode. In most cases
where AOA can be used, early deorbiting op-
portunities are also possible with ATO. AOAis
preferred if performance is below normal on
the earliest abort times [2].

TRANS-ATLANTIC LANDING (TAL)
The TAL abort mode is a ballistic trajectory
that results in an intact landing on the other
side of the Atlantic Ocean. TAL is the sec-
ond quickest option to land the vehicle and
is used when a critical failure occurs after
the last RTLS (Return to Launch Site, see
section below) opportunity or when there
is not enough power for an AOA mode [7].
Thetime to land is approximately 35 minutes,
compared to the 90 minutes of AOA. A graph
of the TAL trajectory compared to the nomi-
nal trajectory is illustrated in Figure 2.

This abort method covers the gap for a main
engine failure after the last RTLS opportunity
and the first AOA opportunity. Itis also an ide-
al option when a system failure occurs to the
orbiter after the last RTLS opportunity, and
landing as soon as possible is necessary.
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The landing site of TAL is chosen based on
the nominal ascent ground track of the orbit-
er and requires the necessary runway length,
weather conditions, and U.S. State Depart-
ment approval [5]. The three main landing
sites identified for potential use were Moron
Air Base (Spain), Zaragona Air Base (Spain),
and Istres Air Base (France). Other landing
sites that were temporarily used were Banjul
(the Gambia), Dakar (Senegal), and Ben Guer-
ir (Morocco). Banjul replaced Dakar in 1988
due to the latter being found to have unsatis-
factory runways and geographic conditions.
Ben Guerir replaced Casablanca (used as a
contingency landing site in 1986) in 1988 and
was used for STS-1111in 2002 [9].

The TAL abort mode is initiated by placing
the abort rotary switch in the position for TAL
and AOA. It must be depressed before the
main engine cutoff, if itis done after, the AOA
abort mode will be initiated. While the orbiter
is steering towards the landing side, the OMS
propellant is dumped (by burning it with the
OMS and reaction control system engines)
to reduce the vehicle weight and increase
performance. In this manner, the center of
gravity is also optimized for vehicle control.
Then, the TAL entry is a nominal entry [5][7].

RETURN TO LAUNCH SITE (RTLS)

RTLS is the quickest of all abort modes, re-
turning the orbiter, crew, and payload to the
launch site within 25 minutes after lift-off. It is
used when one space shuttle's main engine

is lost (or there is a different system error)
within the first four minutes and 20 seconds
after launch [5]. The RTLS mode consists of
three stages: the powered stage, the external
tank separation, and the glide phase.

During the powered stage, the space shut-
tle's main engines are still operational. The
abortisinitiated by the crew after SRB separa-
tion, by positioning the abort rotary switch to
RTLS and depressing the button. The exact
time the button is depressed depends on the
conditions of the abort. If RTLS is called due
o one engine loss at lift-off, itis done early, at
approximately 2 minutes and 20 seconds af-
ter SRB separation. On the other hand, RTLS
is delayed to three minutes and 34 seconds
for a three-engine RTLS [5]. In this stage, the
shuttle dissipates all excess main engine pro-
pellant, keeping only enough to turn around,
fly back towards the launch site, and achieve
the necessary speed, pitch, and altitude
conditions to glide to the runway after the
external tank separation. The OMS propel-
lantis also dumped similarly to TAL to reduce
the weight and optimize the center of gravity
location forimproved performance and con-
trol, respectively [7].

The external tank separation stage is the
most critical and reaches the cutoff point
when the vehicle has less than 2 percent
excess propellant remaining in the external
tank. Twenty seconds before cutoff, a pitch-
down maneuver ensures that the correct
altitude and pitch rate are achieved for sep-
aration. Once the main engine cuts off, the
tank separation begins. Systems such as the
reaction control system are in place to en-
sure that the orbiter does not come in con-
tact with the external tank and that the pitch
required for the glide phase is established [5].

POST-CHALLENGER
CONSIDERATIONS

After the tragedy in 1986 with STS-51-L,
when it blew up 73 seconds into launch,
commonly known as the Challenger Disas-
ter, many recommendations were made 1o
improve the crew survivability. As the read-
er may have noted earlier, up to the Solid
Rocket Booster (SRB) separation - no abort
modes were planned for the shuttle [2]. A
nomenclature was also defined for the sur-
vivability zones: green was used when the



crew and orbiter would survive, yellow when
the crew must bail out to survive, and black
for unsurvivable regions. These so-called
"black zones" were the main concern after
Challenger, and NASA aimed at reducing
these black zones to a minimum by adding
the "contingency abort” [2]. It was decided
then that if only one SSME failed, the typical
intact abort mode profiles could be used.
However, if two or all of the SSMEs fail, the
contingency abort mode profile will be
called for. Depending on whether the contin-
gency abort occurred during a green or yel-
low zone, the crew would have to either at-
tempt a landing or bail-out, respectively [101.

Some black zones remained after the incor-
poration of the contingency modes. For the
2-SSME failure, most of the black zones were
eliminated [2]. However, there was still uncer-
tainty during the PPA phase of RTLS due to
the aerodynamic loads [10].

On the other hand, approximately four black
zone groups remained for the 3-SSME
failure. During the initial part of the ascent
phase, there was a black zone group as the
orbiter could be destroyed due to a potential
structural failure, excessive airspeed, or con-
trollability issues caused by the excursion of
the CG and the separation dynamics [10].
After the RTLS mode was selected, there
were still three black zone groups: (1) while
performing the PPA due 1o excessive air-
speed, (2) if there is a controllability, attitude,
or excessive airspeed issue close to when
the shuttle achieved a relative speed of zero,
and (3) loss of control close to Main Engine
Cut-Off (MECO) [10].

When not in these black zones, the crew
could either land back at the Kennedy Space
Center (KSC), Bermuda (BDA), perform a
TAL, or even land at the East Coast (ECAL).
If landing was not possible, a bail-out would
occur. Part of the changes introduced to the
STS was using pressurized suits for these
situations [2][10]. If a bail-out was necessary,
the crew hatch could open, a rod would
extend, and the crew would slide down the
rod and parachute back to Earth. It was a big
technical challenge, with NASA first consid-
ering propelling the astronauts out with rock-
ets [11][8]. Eventually, the rod design was
chosen as the most reliable, and the design

of a life support system began [11]. The para-
chute had to be able to deploy from the back
of the pressure suit and deploy automatically
in case the crew became unconscious, and
contained survival equipment for landing in
the ocean. No bailouts were required during
the STS era [11][8]. The bail-out method is
depicted in the 2000 Clint Eastwood movie
"Space Cowboys”.

This evolution of contingency aborts for the
first seconds of flight is illustrated in Figure
3. It has been adapted and enhanced from
Henderson and Nguyen's report [2][10]. It
shows the color-coded survivability zones

Sirsgle Engire TAL

forthe ascent and RTLS phases under differ-
ent SSME failure conditions, both for the pre-
and post- Challenger Disaster.

OTHER SAFETY PROCEDURES

Several other safety procedures were con-
sidered during the development of the
space shuttle. A pair of ejection seats were
designed by Lockheed Martin and installed
in the Endeavour orbiter during the Orbital
Flight Test program [21[12]. It accounted for
possible unexpected design flaws, as usu-
ally done during test campaigns on aircraft
and spacecraft. These ejection seats were
also available during the first four flights of
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Figure 4: Atlantis and Endeavour on the pads at the same time. Endeavour was designated as the rescue spacecraft as part of

the CSCS program

the shuttle, flown by Columbia. However,
the ejection seats were eventually removed.
As aforementioned, all missions after STS-4
carried a crew size larger than two [2]. Evac-
uating the whole crew through an ejection
seat mechanism would have been an im-
possible technical challenge, as some were
located in the middle deck. Furthermore, the
ejection seats had a very limited envelope of
use; only during some final phases of landing
and a short period during take-off. This was
outlined by STS-1 astronaut Robert Crippen,
who mentioned he did not feel like parachut-
ing off the orbiter with potential flying debris
and the plumes of the SRBs[13].

The latter issues of the envelope of use of
gjection seats and the exposure to the ele-
ments could have been resolved by intro-
ducing crew ejection capsules. Individual
capsules were considered, as well as having
a common crew compartment that ejected.
However, it goes without saying that even
though considered, the technical difficulties
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it would bring with the redesign of the orbiter
and the additional failure point put that option
torest [14].

Afterthe tragic loss of STS-107 during reentry,
alsoknown as the Columbia disaster, howev-
er, an additional safety precaution was taken:
the “Launch On Need” (LON) missions [15],
also later referred to as "Contingency Shuttle
Crew Support (CSCS) Rescue Flights” [16].
These missions were labeled as STS-3xx
and would be prepared in case the main
mission reached orbit, but the crew could
not return. The only exception to this was
STS-400, designated as the rescue mission
for the STS-125 Hubble Space Telescope
servicing mission (Figure 4). Due to the high-
er orbital inclination, the rescue procedures
changed and were given a new name.

The main concern for CSCS missions was
damage to the thermal protection system,
either at launch or due to space debris. The
inability to return could be determined after

inspecting the orbiter by using the Orbiter
Boom Sensor System (OBSS), an attach-
ment that could be added to the Canadarm.
Using the OBSS, the crew would inspect
critical parts of the orbiter and, if necessary,
request the CSCS Rescue Flight be initiat-
ed [16]. Only 12 LON missions took place.
Thankfully, none had to be activated.

CONCLUSION

It is undeniable that NASA's Space
Shuttle program revolutionized space
travel. From the initial introduction of
the ejection seats to the development
of abort modes, the evolution of these
and the introduction of new inspection
methods after the Columbia and Chal-
lenger disasters is a testament to the
commitment to crew safety and mis-
sion success by NASA, and what has
helped them maintain their extraordi-
nary safety record through the years.
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BOEING'S
DESCENT

Unraveling five years of crisis

and controversy

Muhammad Arham Elahi, Final Editor and Thomas Muller, External Editor
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The last half-decade for Boeing has been a turbulent rollercoaster,
with significant events and challenges affecting every department
and aspect of the company. This article aims to construct a
timeline of these events and build a coherent narrative regarding
Boeing's troubles, their underlying causes, and interactions with
entities such as the FAA and their supplier Spirit AeroSystems.

ORIGINS OF THE 737

AND ITS COMPETITORS

Boeing conceived the design of the 737-
100 in 1968. It was intended as a short-hop
commuter jetand was firstintroduced in West
Germany. Aviation looked very different back
then; there were no jetways to board passen-
gers and no motorized belt loaders to load
cargo. Boeing's low-to-the-ground aircraft
design enabled passengers to board the
aircraft with folding metal stairs built into the
airframe, removing the need for stair trucks.
Additionally, the cargo hold's low height en-
abled ground crews to lift heavy luggage
manually [1].

These advantages played a big part in es-
tablishing the dominance of the 737 family of
aircraft over its primary initial competitor, the
McDonnell Douglas DC-9 and its variants.
However, in 1987 a new contender came
into the picture: Airbus, a fledgling compa-
ny based in Europe, introduced the A320
design. This aircraft was built according 1o
a completely different set of modemn re-
quirements and was positioned significantly
higher off the ground to accommodate the
growing size of engines after the introduc-
tion of the more efficient turbofan engines.
Slowly but surely, Airbus continued to close
the gap between itself and Boeing and be-

gan to surpass Boeing in sales figures after
2003. Faced with competitive pressure,
Boeing needed an answer, and fast. That is
when it announced its plan to introduce the
737 MAX_ Sales rapidly recovered, particular-
ly driven by the introduction and success of
the 737-800 model between 2012 to 2018.
To speed up the design process and reduce
both airline and manufacturing costs, Boeing
opted against a complete redesign, still re-
taining many elements from its original 1968
design. And then disaster struck [2].

THE 737-MAX SAGA

AND BOEING’'S RESPONSE

Due 1o the low-to-the-ground design, the
engine needed to be shifted forward with
respect to the wing, causing a pitch-up mo-
ment at high angles of attack. To counteract
this came the installation of a system called
the Maneuvering Characteristics Augmenta-
tion System (MCAS). Contrary to popular be-
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The Original Boeing 737-100

lief, MCAS was not a stall prevention system:
it was implemented to improve the aircraft
handling characteristics when approaching
a stall. Thus, the control feedback/feel for the
pilots would be extremely similar to what they
were used toin the rest of the 737 family. This
negated the need for them to undergo extra
training for the 737 MAX, greatly reducing air-
line costs and making the 737 MAX a much
more attractive option. Although Control
Augmentation Systems are commonplace
in aviation and were first introduced by Air-
bus in their A320 family, MCAS had a critical
single point of failure. Even though Angle of
Attack sensors are notoriously unreliable, a
single faulty sensor of the two onboard could
trigger the MCAS system. This led to the Lion
Air Flight 610 crash and the Ethiopian Airlines
Flight 302 crash in 2018 and 2019, respec-
tively, leading to the death of 346 passengers
and crew [3].

After the crash of Lion Air Flight 610 in Oc-
tober 2018, Boeing's response was initially
centered on defending the design and safe-
ty of the 737 MAX. The company issued an
Operations Manual Bulletin (OMB) to airlines,
which provided procedures to address erro-
neous data from the aircraft's Angle of Attack
sensors. This bulletin did not explicitty men-
tion the MCAS system but included instruc-
tions for dealing with the specific scenario
that had led to the crash, emphasizing the
importance of following the runaway stabiliz-
er procedure.

Additionally, there was reluctance to admit
that the design had fallen short. Boeing pro-
moted a narrative that blamed the "foreign
pilots” for the crashes, suggesting they were
not competent enough to handle the 737
MAX. Conversations at Boeing focused on
how the pilots from Lion Air Flight 610 had
falled to properly manage the aircraft us-
ing the thumb switch to trim the plane. This
blame-shifting narrative ignored the critical
design flaws of the MCAS system and reflect-
ed a troubling bias within the company. Boe-
ing's pilots, predominantly older White men,
had long shared derogatory jokes about the
competence of international crews, which
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contributed to a dismissive attitude toward
the foreign pilots involved in the crashes [12].

Despite this, only one American pilot "sur-
vived” an eroneous MCAS activation in a
flight simulator on the first try. He was a trained
FAA pilot, coached by Boeing officials before
the test - other pilots took anywhere between
six and sixty seconds too long to respond
correctly [12]. This insult to the deceased
pilots was highlighted further in an interview
with Boeing's new CEO, David Calhoun, in
March 2020. Calhoun implied that pilots who
"don't have anywhere near the experience
that they have here in the U.S" shared blame
for the crashes. When pressed to clarify
whether American pilots could have saved
the planes, Calhoun asked to go off the re-
cord, and when reporters refused, he added,
"You can guess the answer.” [9]

Boeing built an unsafe plane, and blamed the
pilots when it crashed.

However, when Ethiopian Airlines Flight 302
crashed in March 2019 under similar cir-
cumestances, the global response was swift
and severe. Within days, aviation authorities
worldwide, including the Federal Aviation Ad-
ministration (FAA), grounded the 737 MAX.

737 vs A320 family deliveries per model, 1967 - 2018
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Thistime, the reaction was markedly different.
Boeing's CEO, Dennis Muilenburg, issued
a statement expressing deep sorrow for the
loss of lives and committed to supporting the
investigations. The company acknowledged
the similarities between the two crashes and
pledged full cooperation with regulatory bod-
ies.

At the FAA, engineers began scouring their
files for information about the software in
question and discovered incomplete and in-
accurate work by the Boeing employees en-
trusted to oversee safety matters as the FAA'S
authorized representatives. The system safe-
ty assessment for MCAS had been tumed
over to the agency just four months before
the plane was officially certified. The Boeing
deputy, who had vetted the software design
had categorized the risk of failure as relatively
minor [10].

But the documents on file reflected the soft-
ware's earlier design, not the more powerful
version later added in flight tests. The docu-
ments showed the stabilizer could adjust a
plane's ascent or descent by 0.6 degrees.
However, in its final form, the stabilizer could
make adjustments at four times that angle
[11]. "When they changed the design it dras-
tically changed the potential criticality of the
MCAS feature” says an FAA engineer, who
asked not to be identified because he isn't
authorized to speak publicly. "And that was
not communicated 1o the FAA engineers
who find compliance [with regulations]. In
fact, they didn't even know about it [12]

THE RESURGENCE OF ISSUES

That wasn't the end of Boeing's problems.
In 2023, just as it seemed Boeing was back
on track and resuming normal production,
another wave of issues hit. In April 2023, Spirit
AeroSystems, a Boeing supplier responsible
for building the fuselage of the 737 and 787,
found a defect in the fittings that connect the
vertical tail to the fuselage. Fortunately, they
identified the issue early in the design pro-
cess and pinpointed all affected aircraft. This
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only caused a minor delay in deliveries with
no far-reaching consequences [4.

In August 2023, Boeing discovered a poten-
tially widespread manufacturing quality issue
related to some fastener holes in the aft bulk-
head of the 737 MAX being misdrilled and
misaligned. While this issue was notan imme-
diate safety concern and could be checked
during routine maintenance, it required the
inspection of up to 500 holes for each aircraft.
This represented a significant time and cost
investment and was a bad omen for things to
come [5].

In December 20283, an undisclosed interna-
tional airline noticed a missing nut in the 737
MAX's rudder control system. Boeing validated
this as a systemic issue since an undelivered
737 MAX was also found to have the same
problem. Given that this fault was not identified
early in the production cycle, all the 737 MAXs
in service needed 10 be inspected to ensure
the rudder was functioning property [6].

The situation culminated on January 5th,
2024, when Alaska Airlines Flight 1282 suf-
fered uncontrolled decompression six min-
utes into flight. Fortunately, due to the low al-
titude, there wasn't any significant damage to
the aircraft, and it landed safely with no major

|

injuries. It is theorized that a door plug panel
attached to the airframe was missing bolts
and blew off mid-flight. This theory was sup-
ported further by other airlines finding loose
bolts on their 737 MAX aircraft [7].

It was the last straw for the FAA, which or-
dered a second grounding of all 737 MAX
jets and gave Boeing 90 days to propose a
plan for quality control improvements. During
this period, the FAA performed 89 product
audits on Boeing, of which they failed 33.
Although the FAA did not provide specifics,
such a failure rate is unprecedented and
highlights the production issues happening
behind the scenes. Spirit AeroSystems, partly
responsible for many of the aforementioned
issues, was also audited 13 times, failing 7 of
these audits. Specific instances of non-com-
pliance included using a hotel key card to
check for a proper door seal and using Dawn
liquid soap as a lubricant for the door seal fit-
up process, which they then cleaned with a
wet cheesecloth [8].

Amid these manufacturing troubles, Boeing
faced a serious cyberattack perpetrated by
the ransomware group LockBit, known for its
double extortion tactics. This group breached
Boeing's systems in late October 2023 and
threatened to leak a substantial amount of

o ¢
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sensitive data unless ransom was paid by
November 2, 2023. The stolen data included
technical supplier information, financial de-
tails, internal training materials, and more. The
hackers likely targeted Boeing, expecting to
uncover incriminating information that would
compel the company to meet theirdemands.
Despite initial negotiations, Boeing did not
pay the ransom, as it determined that the data
compromised by LockBit was not critically
sensitive. Consequently, LockBit began leak-
ing the data on November 6, 2023 [14][15].

WHISTLEBLOWERS

These ongoing problems culminated in a
wave of whistleblowing that brought to light
deep-seated issues within Boeing. Employ-
ees, driven by concerns over passenger
safety and frustration with the company’s
handling of quality control problems, have
come forward with alarming reports. For in-
stance, John Barmett, a quality manager at
Boeing for nearly 30 years, reported seeing
"metal shavings and debris” inside the fuel
tanks of 787 Dreamliners. He faced retaliation,
being reassigned and eventually pushed into
retirement after raising these safety concermns.
Former senior manager Ed Pierson, anoth-
er whistleblower, testified before Congress
about the chaotic production environment
at the 787 MAX factory, describing it as "dys-
functional” and warning that it compromised
safety. Pierson claimed that Boeing's relent-
less focus on production speed over quality
contributed to the 787 MAX disasters [13].

Tragically, two Boeing engineers who were
instrumental in highlighting these issues re-
cently died. Paul Njoroge, who became a
prominent advocate for aviation safety after
losing his family in the Ethiopian Airlines crash,
tirelessly campaigned against the 737 MAX,
arguing that it should never have been certi-
fied. He emphasized the need for thorough
regulatory oversight and was a vocal critic
of Boeing's management practices. Similar-
ly, Peter Lemme, a former Boeing engineer
and expert in flight controls, repeatedly raised
concerns about the design flaws in the 737
MAX. Lemme's warnings about the potential
dangers of the MCAS system were among
the earliest and most detailed critiques.

CONCLUSION

Many of these issues could have been
prevented had Boeing listened to its
engineers. Instead, when employees
began to whistleblow or critique the
company, they were often punished,
reflecting a troubling culture that priori-
tizes production over safety. As Pierson
stated, "It's a broken safety culture, and
ithas to change.” The sheer number of
whistleblower reports and the ongo-
ing FAA audits underscore the urgent
need for substantial improvements in
Boeing's quality control and oversight
practices [13].
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Preparations for the 16th lustrum
of the VSV 'Leonardo da Vinci’

Prelustrum 16: Theme reveal party (2024)
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The upcoming year we celebrate the 80th birthday of the study
association, VSV ‘Leonardo da Vinci'. It has been a long set
tradition that these birthdays are celebrated with what we call

a lustrum. This is a 5-yearly celebration, making upcoming year
the 16th lustrum. This lustrum was opened last May with the pre-
lustrum week, but that is only the start of what's to come after the
summer. But before diving into what is set to happen next year,

let’s first go back in time.

fter being founded on the 18th of July
AW 945, the first lustrum was celebrated in

1950. Even though very different from
how a lustrum is celebrated these days, there
are still some traditions that stem from this very
first lustrum, such as the extraordinary GMA.
This is a special GMA, held in the old munici-
pality building. During this GMA, new members
of honor are installed, which is celebrated by a
stunt at the beginning of the GMA. Over the
years many crazy things have been organized,
such as the board ziplining from the tower of
the New Church, a hovercraft crossing over the
market, a complete aircraft nose being driven
over the market, and entering the municipality
building by means of an aerial work platform.
All of this while hearing the VSV song being
played by the New Church bells.

But not only during the extraordinary GMA a
stuntis organized, itis also a long-held tradition
that during the lustrum year, the VSV tries 1o set
a new record, or at least make it to the (local)
news. In 1995 they actually ended up in the
Guinness Book of Records by building the larg-
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est paper airplane ever. Other stunts include
the longest row of kites, washing or pulling a
B747 and the design of the Da Vinci Satellite.

During the lustrum year, a wide range of extra
activities are organized. In the past, there used
to a be alustrum airshow, organized at both Gil-
ze Rijen (Lustrum 11) and Seppe Airport (Lus-
trum 13). Besides this, there is also a lustrum
gala that previously has been held in the Pier
in Scheveningen. Another old tradiitionis a VSV
edition of the famous Dutch television show:
"Ter Land, Ter Zee eninde Lucht” (Translation:
onland, the ocean or in the sky), where people
build wooden soapboxes and are driven off a
ramp into the water. During lustrum 12,13 and
14 this was organized in the Delft canals under
the names of "Met je Romp in de Plomp’, "Met
een Zucht door de Lucht” and "Volle Krachtin
de Gracht".

Since the 12th lustrum, an addition to the us-
trum has been the choice of a general theme.
After starting this, the 12th lustrum got the name
"Living Life onaLeading Edge” followed by lus-

trum 13 with the name “Shockwave: Beyond
Mach 13" lustrum 14 "Up, Up and Away" and
the last lustrum, lustrum 15 “Endeavour”. This
theme is accompanied by colors that are also
painted on, for example, the lustrum caravan.
Although unsure where this tradition comes
from, it has been a set fact for many lustra that
a lustrum caravan is bought and painted. This
caravan can then be used to sell merchandise
from and promote the lustrum.

The coming vear, it is 5 years since the last
lustrum. Unfortunately, many of the planned
activities were canceled last minute due to
the COVID-19 pandemic. That is why the ex-
citement for the 16th lustrum is even bigger.
Nowadays the lustrum has become 100 big
to organize in a single year, which has led to
the introduction of the pre-lustrum committee.
This is a committee active the year before the
lustrum, which was this academic year, and it
is responsible for arranging things that have to
be set well in advance before the lustrum year
(such as the theme, colors, and first lustrum
activities). But the most important job was the
organization of the pre-lustrum week. During
this week the lustrum theme of the 16th lus-
trum, "Ignite’, was revealed, as well as the col-
ors (yellow-red-blue) during a student party
and a theme reveal including a caravan reveal
for students and employees during lunch.
Other activities included a special Wednes-
day night drink in "de Atmosfeer” (faculty bar)
with a silent disco, a mini aviation symposium,
andfinally a closing of the week with the facul-
ty party “Limitless”.

CONCLUSION

The pre-lustrum week was only the
tip of the iceberg of the lustrum that
is to come this new academic year. A
lustrum committee has been installed
and they will do everything in their
power to organize an amazing 16th
lustrum. This will include an opening
party in Q1, a lustrum gala in Q3, and
awhole lustrum month in May of 2025.
Although it is not yet possible to tell
what all of this will exactly look like, we
can promise it will be one big party and
we cannot wait to celebrate the 16th
lustrum, “Ignite’, with as many aero-
space students as possiblel



Lustrum 13: Met een zucht door de lucht (2010) Prelustrum 16: Caravan reveal (2024)

Lustrum 9: Flying with KLM helicopters (1989) Lustrum 11: Airshow (2000)

Lustrum 10: World record throwing paper airplanes from the aula (1995)
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ADDING VALUE

LEARNING FROM

CURB CUTS

The benefits and key strategies
of inclusive design

J. VAN BOVEN & A. VAN NOYE

When considering improvements in diversity and inclusion, one
usually considers the direct environment. Although this can
have a positive effect, it is very restricted in reach and impact.
Engineers and designers have the potential to increase their
impact early in the design process, as the product could be used
by hundreds, thousands, or even millions of users.

BENEFITS

The benefit of inclusive design is often
underestimated. Traditionally, only the
most obvious physical disabilities are con-
sidered. An example of this is the use of
wheelchairs: from buildings to pavements,
wheelchair accessibility is considered
and implemented in the form of elevators,
slopes, or lowered curbs. Even though
initially, only wheelchair users might have
been considered, these features benefit
SO many more people: people with limited
mobility, parents with baby carriages, and
cyclists. The positive impact is broader
than expected beforehand, this effect is
called the Curb Cut Effect [1].
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The effect is not to be ignored, Microsoft
Design made an estimation for this effect
for those unable to use their arms effective-
ly. Yearly, in the USA, 26 thousand people
suffer from a permanent loss of arms. An
equivalent of 13 million people (about twice
the population of Arizona) have a tempo-
rary arm disability, for example after an inju-
ry. Lastly, an equivalent of 8 million people
have a situational disability of using arms, for
instance, a parent carrying a baby. Including
the temporary and situationally disabled,
the number of arm disabilities increases to
21 million. Designing for amputated arms
can thus benefit 21 million people yearly,
rather than just the 26 thousand permanent

Aerospace Diversity Department

amputated users [2]. More examples of this
effect are visualized in the Curb-Cut Effect
sketch. When this idea is extrapolated, it be-
comes clear that everyone will face limita-
tions at some time or another, highlighting
that inclusive design benefits everyone.

PRINCIPLES OF INCLUSIVE DESIGN
To summarize the most important aspects
of inclusive design, principles have been
set up by multiple instances. The Institute
for Human Centered Design has set up the
following principles [3]:

1. Equitable Use: The design does not
disadvantage or stigmatize any group of
users

2. Flexibility in Use: The design accom-
modates a wide range of individual pref-
erences and abilities

3. Simple and Intuitive Use: Use of the
design is easy to understand, regardless
of the user's experience, knowledge,
language skills, or current concentration
level.

4. Perceptible Information: The design
communicates necessary information
effectively to the user, regardless of the
environment or the user's abilities.

5. Tolerance for Error: The design mini-
mizes hazards and the adverse conse-
quences of accidental or unintended
actions.

6. Low Physical Effort: The design can
be used efficiently and comfortably and
with a minimum of fatigue.

7. Size and Space for Approach & Use:
Appropriate size and space are provided
for approach, reach, manipulation, and
use, regardless of the user's body size,
posture, or mobility.

Next to these principles, other practices are
being used, such as user-centered design.
When the needs, wishes, and disabilities
of a diverse group of users are found and
evaluated, they can be considered during
the design process and validated. Anoth-
er good practice is to consider as many
diverse situations as possible. Frequently,
the users who do not have defined or legal-
ly recognized disability are forgotten. This
indicates that not only a diverse group of
users is required, but also a diverse set of
circumstances should be considered for an
inclusive design.



Permanent  Temporary  Situational %
Touch ]
'_
L
o
(2]
o
o
Q
Qe arm A iegury Mew parent S
|
i rﬁ‘ &
Blind Cataract  Distractied driver
Hear
% @ ’)%({
Deat Ear infection Bartender

ERE

Nan-wverbal Laryngites Hixavy acosnt

Permanent, temporary and situational
limitations

CHALLENGES

Several challenges come up when con-
sidering inclusive design. Starting with
the lack of awareness and understanding,
which is a very common occurrence, as
everyone has unconscious biases. The
biases lead one to quickly think of the
average person and to unintentionally
exclude other groups. Recognizing and
identifying these biases can be challeng-
ing, nevertheless, it is an important step in
an inclusive design. Working in a diverse
team reduces the lack of awareness and
understanding, as more perspectives can
be given.

Secondly, when the different users and
circumstances are identified, the product
needs to be designed and tested continu-
ously with them in mind. The feedback of
the user is crucial to create a valuable de-
sign and iterations need to be performed
to match the product to the wishes of the
users as well as possible. Many leading
companies from different sectors are ap-
plying this approach, with big names like
Microsoft, Google, and Airbnb.
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CASE STUDIES AND EXAMPLES

To make the perspectives given in this arti-
cle more concrete, some inclusive designs
are highlighted. The first one is the vegeta-
ble peeler of OXO. The idea started when
the wife of the founder, an arthritis patient,
complained about a vegetable peeler, as it
was hurting her hands. Determined to solve
this issue, Sam Farber experimented with
various materials and tested multiple move-
ments with arthritis patients. As a result, rub-
ber was used for the first time in a kitchen
tool and a bigger handle was developed
to reduce the pain experienced by arthritis
patients. These choices made the utensils
easier to use for arthritis patients, but also
for those without arthritis, showcasing the
broader benefit of designing for one group.
OXO s still a well-known kitchen utensils
manufacturer due to its inclusive design [4].

Subtitles are an obvious, yet under-recog-
nized form of inclusive design. Originally
made for deaf or hard-of-hearing people
and to show movies in other countries, the
use of subtitles has expanded beyond its in-
tended purposes. When learing new lan-
guages, subtitles can improve both listening
and reading skills during a relaxed activity.
In noisy environments, subtitles allow the
viewer to keep following the movie. Even
when subtitles aren't necessarily required,
people are sometimes reading subtitles to
follow the conversation better. From various
streaming services, it was determined that
more than half of their clients use subtitles
regularly [5].

CONCLUSION

To put these perspectives into action,
take a moment for yourself to appreci-
ate how you have benefited from solu-
tions that were originally designed for
someone with different disabilities. Ob-
serve and realize that everyone else will
be excluded at some point from some-
thing you can do without barriers. Every
decision can raise or lower the barrier
of participation in society. Embracing
inclusive design helps you and the rest
of the world to make society inclusive
foreveryone. Let's commit to designing
with everyone in mindl
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