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Introduction
One year after the crash of the Bugatti - De Monge 100P, in which builder-pilot Scotty Wilson sadly
lost his life, the Rêve Blue team can finally disclose the results of the crash investigation. Over the
past year, Reve Blue has supported the US National Transport Safety Board (NTSB) in their
investigation of the crash with background information on the aircraft. The NTSB have performed
their investigation thoroughly with a team of experienced aviation professionals and their official
report has now been published.
Now that the gruesome task of investigating the wreckage and the factual analysis of the cockpit
video data have been done, the final conclusion is simple. Clutch slippage occurred on the forward
engine, causing a loss of power at a critical stage of the flight, making it impossible for the pilot to
recover despite the best possible efforts he made.
While this clear conclusion puts an end to any speculative thoughts about the technical failure that
caused the accident, it does not answer some questions outside the scope of the NTSB investigation.
Many of the project’s enthusiastic followers worldwide will wonder what caused the clutch to slip,
how this might have been prevented etc.
This essay attempts to answer those questions. But before I begin, let me introduce myself briefly. I
work for GKN-Fokker Aerostructures in the Netherlands as the Chief Engineer for the Airbus A350
Outboard Flaps. When I look in my private email box, there are about 650 emails from a guy called
Scotty Wilson who became a very special friend during the year preceding the Bugatti 100P’s first
flight in 2015. My role in Scotty’s team was to spot and resolve some structural issues on the 100P
replica, which arose from the fact that Scotty had incomplete information on the original airplane.
Scotty used to introduce me to people saying: “This is Frank. He has probably saved my life.” It hurts
to think about that now. For me personally, as well as professionally, it is very important to
understand the causes of the accident and to understand how such an accident could be avoided in
the future.

Events leading up to third flight
The first flight of the Bugatti 100P took place on 19 August 2015. During high speed taxi trials, the
rear engine’s chain drive had been jumping teeth at higher RPM settings and required some
modifications before the first flight could be safely executed. The video posted on Facebook showed
how the airplane lifted off but then, after touch down, ran off the runway and stopped on its nose.
Scotty had deliberately kept the rear engine RPM down to 5800 RPM during the take-off run, and the
forward engine slightly above (maximum power is achieved at 8500 RPM on these engines, but
concerns about the rear engine chain drive made him decide to make good use of the very long
runway and to keep the RPMs down). The airplane flew fine, but when he throttled back it just would
not come down at the expected rate. He ended up using the full 13,500 ft of the runway and had to
brake hard after touch down. Then the right wheel brake failed, the airplane veered off the runway
to the left and nosed over, causing damage to the wooden propellers and the spinners.
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Scotty and the team had analysed the causes of this incident to be as follows. The airplane did not
come down as expected due to the idle RPM settings being too high – the small amount of power
delivered by the engines at idle RPM proved to be almost enough to keep the airplane airborne in
ground effect, resulting in touch down near the end of the runway. When he braked hard after
touch-down, a coupling in the right hand brake line failed because he had not installed it properly –
he clearly admitted his mistake on that point. Finally, the reason why the airplane nosed over off the
runway was the ground being soft after the rains of the day before.
Even though Scotty was delighted that the airplane had finally flown and flown well, there was work
to be done to get ready for the second flight. The key issue was to improve the chain drive on the
rear engine, which still tended to jump teeth at high RPM. All possible solutions were discussed
within the Rêve Blue team, including the design and manufacture of a new gearbox. A gearbox was
the preferred solution from the technical point of view, but Scotty decided it was unacceptable in
terms of added cost and development time. When Scotty made this decision, he was low on cash
while there were rents to be paid for the hangar at Clinton Sherman and for his home on the base.
The added development time for the a new gearbox would have involved more costs than just the
cost of the gearbox. It would have meant that he needed to raise more funds and he decided against
it. This has turned out to be a critical decision, as will become apparent in the root cause analysis of
the third flight crash.
So we needed a simple, pragmatic
solution to the chain drive issue, but it
had to be robust. We had found out
the main cause of the problem during
power trials prior to first flight. What I
had observed while leaning over the
fuselage side, exposed to the warm
exhaust fumes and the propeller
slipstream, was that the rear engine
output shaft moved inside the fuselage
by over half an inch when the clutch
was engaged. With the sudden load
application on the chain, the engine
moved on its flexible mounts towards the layshaft, causing the chain to loosen on the unloaded side.
We met again in September in Alsace, France where Scotty was honorary guest at the Bugatti
Festival, organised by the Enthusiastes Bugatti Alsace. Over dinner in Obernai, Scotty sketched the
solution we adopted on the back of the menu: a radius arm was to be installed to reduce the engine
movement, and a chain tensioner was to be fitted to keep the chain tight. I asked Scotty to sign the
sketch with his usual ScottyCAD® autograph and slipped the menu into my pocket. An additional
improvement, although not shown on the menu, was that the sprockets were moved aft to provide
more clearance to the clutch cover. To achieve this, a specially machined adapter was installed
between the gearbox output shaft and the sprocket, which moved the chain backwards by about two
inches. Finally, drip feed lubrication was installed to feed the chain with temperature resistant
chainsaw oil.
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With the new propellers installed, the spinners repaired and the chain drive taken care of, the
second flight was promising to be less eventful than the first one. On 17 October 2015, a small crowd
of over 50 friends and family gathered at Burns Flat to witness the second flight and Scotty was in
high spirits, warmly greeting every single one of his visitors in between final flight preparations. But
what most of the crowd did not know, was that the final preparations had been quite frantic. Just
days before the event, while testing the new drive chain installation, the sprocket adapter had
sheared off the output shaft, sending the chain flying through the rear engine compartment. Soon
enough, the cause of the problem was identified: the newly machined adapter clashed with the nut
holding the output flange to which it was attached, causing undue strains in the attachment bolts
which had sheared off. An improved adapter was quickly machined and picked up in Tulsa with
Scotty’s truck – a four hour drive through the night each way. Power trials the day before the second
flight confirmed that all was well, but anxiety remained with all but Scotty himself, who appeared to
be perfectly calm and focussed when the day came.
The second flight was a flawless circuit around the airfield. I was in the truck following the airplane
down the runway on its take-off run, and we followed it again to the platform after touch-down.
After Scotty shut the engines down, I ran up to the cockpit, saw the big grin on his face and said, ‘do
you want to go again?’ ‘No-no’, he said, ‘that was enough excitement for one day’.

Left to right: Simon Birney, Stan Shumway, Frank van Dalen, Scotty Wilson, Mike Cavanaugh, Aldert van Nieuwkoop

But despite the success of the second flight, additional work to the airplane was still needed.
Through the fall, winter and spring, Scotty worked hard to make the final improvements to support
the goal for the next flights. That goal was to complete the project by finding a permanent home for
the airplane in a museum while recovering the investments to the best possible extent. As part of
preparations for the airplane to be exhibited in a museum, it was to be filmed from a helicopter by a
professional Hollywood film crew. The landing gear was to be retracted, so that the video of the
airplane looking its best could be shown as a part of the museum display.
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The main task was therefore to install a landing gear actuation system. After significant efforts to
install an electrical actuation system proved unsuccessful, an electric-hydraulic system was devised.
This featured an electrically driven hydraulic pump in the fuselage, connected by relatively thin
hydraulic lines to the actuators buried inside the wings. In order to eliminate the risk of the landing
gear system causing a failure in any other electrical system, the hydraulic pump was powered by a
battery of its own which was charged from a source outside the airplane prior to flight. The system
was tested through several dozen cycles on the ground and functioned well.
Another modification introduced that winter was aimed at reducing cockpit noise. The drive shafts
on the airplane took the power from the engines to the gearbox in the nose, using several shafts and
universal joints for each engine. Five universal joints were originally used for the rear engine and four
joints were used for the front engine. All these joints were contributing to the noise which was, in
Scotty’s words, “uncomfortable”. If a tough fighter pilot like Scotty said it was uncomfortable, that
meant it must have been pretty bad, even if his hearing appeared to be unaffected after the first two
short flights. In any case, to reduce the noise generated by the joints, the four shafts in the cockpit
area – two left, two right - were integrated into just two shafts, one left, one right, eliminating two
joints near the pilot’s knees. This brought the drive shaft layout in the cockpit in line with the original
airplane.

Crash
The final flight was set to take place on August 6, 2016 at the Clinton-Sherman airport. It was to be
filmed from a helicopter. Two weeks before the flight, on 22 July, Scotty had a meeting with the
helicopter crew to prepare the flight plan. In the space below, we share his notes from that meeting,
to give an impression of the preparations made. (Note: names of third persons and the helicopter
company involved are fictitious to safeguard their privacy.)
I had a nice visit yesterday with Jim J. and Brian B. of ABC Helicopters in Oklahoma City. Here’s a summary of our
conversation:
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I am comfortable flying formation with Jim J., who like me has survived many, many years flying helicopters
and/or airplanes for a living; he must be doing something right
The turbine-powered Jet Ranger – while more expensive to operate – is the better choice of airframes as it
gives the pilot and photographer more options and is arguably a safer choice because it has more power in
reserve
The nature of the 100P requires the I remain in the immediate vicinity of the runway in case I have to make
a timely precautionary landing
The helicopter can remain in formation during takeoff and landing when speeds are lower
My minimum safe cruise speed of approximately 120 knots is faster than the normal operating speed of
most small helicopters; the traditional formation photo-shoot isn’t an option for us
The work-around to solve the speed difference is for me to fly a figure-8 pattern over the airfield at
approximately 1000’ – 1500’ AGL
o Provides me with the most “escape-route” options should I have to make a precautionary landing
o Provides the opportunity for the chopper pilot to remain inside of the turn using geometry, not
speed, to close the distance between us and remain in formation at a lower speed
o Provides several opportunities for the photographer to shoot the 100P from many different crossing
angles





The attached document depicts the figure-8 pattern in scale
o The pattern is centered over the compass rose (circular concrete form), an easily-recognizable
landmark
o Typical turn diameter at 120 knots at 20⁰ – 30⁰ bank is 4200’ to 7000’
o The distance around the figure-8 is approximately 8 NM, requiring 4 minutes to complete one circuit
o I have enough fuel for approximately 30 minutes of flight time, or 6 to 8 complete circuits

Regarding weather and sun angles
o Civil twilight – the earliest we can fly – begins at 6:20 AM CD; sunrise is 6:50 AM, CDT
o Early morning winds are generally calm
o Skies are generally clear but occasionally hazy
I think the next step is for Robert and Jim to discuss the specific shots Robert wants so that Jim and I can plan the
sequence of our flight-related events.
This isn’t intended as definitive and I don’t have a monopoly on good ideas for this photo-shoot. Please feel free to
chime in with alternative photo and flight-plan options.
Warmest regards,
Scotty

The attachment to this email, showing the planned figure of eight over a photograph of the base, is
shown below.

During the days leading up to the third flight, a
number of people gathered at Clinton-Sherman
to support Scotty in various ways. His wife Leslia
and his brother Wesley were there, Le Rêve Blue
team members Simon Birney from the UK, Stan
Shumway from Maryland and Aldert van
Nieuwkoop from Canada as well as several other
loyal friends and relatives. Mike Cavanaugh, the
aerodynamicist, joined the team directly after the
accident. I was not present myself, which I
regretted at first but later became thankful for.
The following account is therefore based on
several long telephone conversations I had with
Simon, Stan and Aldert during the days that
followed, as well as on the video material on
which the flight was recorded.

The Friday evening before the accident flight, the group went to dinner together and noted that
Scotty wasn’t his usual self. He appeared to be stressed and thoughtful. When asked whether he was
alright, he responded “Yes, I’m OK”. But in the preceding months since the second flight, his plans for
further flights in the airplane had been reduced from ‘just a few more flights’ to ‘just this one last
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flight’. In fact, he had planned to remove the engines to sell them immediately after the third flight,
thus making it impossible for the airplane to ever be flown again.
The next morning, on Saturday 6th, he even decided to reduce the scope of that single last flight: “I’ll
do just one figure of eight and then land,” he said. He responded kindly to those who approached
him, but he did not come out to greet his visitors in his usual warm manner.
At around 8:15 am, Simon was helping him to get strapped into the cockpit at the south end of the
runway while Stan and Aldert were checking the dripfeed lubrication of the chain drive. Simon told
Scotty: “I’m so jealous of you”. Scotty looked at him grimly and replied: “Don’t be”.
At 8:20, the helicopter lifted off from its position, also near the south end of the runway, and Scotty
commenced his take-off roll. The landing gear retraction, shortly after breaking ground, went
smoothly. Stan, Aldert and Simon near the end of the runway, as well as Wesley who was two thirds
down, all commented later that the engines had ‘sounded funny’ from an early stage of the flight.
The airplane seemed to climb more slowly than usual. As it got near the end of the runway it was
flying rather low, at an altitude that has been estimated at around 80 or 100 feet. Engine noise and
RPM were heard to increase quite sharply and then fade away. The airplane started a turn to the
right, levelled off again, and turned to the left, the bank angle increasing until the airplane turned
onto its back and pitched into the ground just beyond the fence to the north side of the airport. The
wreckage of the airplane was almost completely destroyed by the fire that followed after the impact.
Fortunately, video material recovered from the wreckage shows that Scotty was calmly
concentrating on flying the airplane right until the last moment. Based on this, as well as on the
autopsy report, it can be stated with certainty that he was killed on impact instantaneously without
having suffered.

What happened?
This is the question that has haunted us for many long months, even though the investigation into
the cause of the crash began immediately after the accident.
We have been concerned that Scotty’s unusual demeanour, which suggested he was under severe
stress, might have affected his judgement and decision making. However, the evidence from the
cockpit videos has shown that he was responding in a correct and logical way to the situation and to
what the instruments were telling him.
As to the technical causes of the accident, the first instinctive conclusions drawn from the helicopter
video have finally proven to be largely correct. The video showed the RPM on one propeller
intermittently changing. The surge in engine RPM that was heard from the ground suggested a
slipping clutch or a failure of the chain drive. Both the helicopter video and the images shown by
Channel Four news showed that the shallow climb levelled off to horizontal flight over the end of the
runway, suggesting a loss of power. The loss of control before impact appeared to have been caused
by either a stall, by the pilot becoming incapacitated or by a control system failure, in turn possibly
caused by another failure such as the drive chain spinning off its sprockets.
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Shortly after the accident, the National Transport Safety Board (NTSB) arrived on the scene and made
their initial investigation with support from Stan Shumway who represented Le Rêve Blue. Together
they investigated the wreckage at the crash site.
Except for some small pieces of debris, which were torn off at impact and thrown clear of the
airframe, the entire aircraft was consumed by the fire to a lesser or greater degree. Most of the
wood was reduced to ashes; the main wing structure to a charred skeleton held together by its
blackened steel landing gear components. The aluminium parts had melted beyond recognition; one
wheel fork, a substantial aluminium part, had simply disappeared. Steel parts were damaged by the
impact and blackened by the fire but were generally recognizable.
A total of eight Go-Pro cameras had been installed on the airplane, three of which were installed in
the cockpit. Six cameras were recovered from the crash site and taken by the NTSB for further
examination in their laboratories. From five of these, it was possible to recover video images. To
address concerns that the cameras mounted on the wing and tailplanes might have contributed to
the aircraft stalling, Mike Cavanaugh provided an analysis of the aerodynamic impact of the cameras
to the NTSB. His report showed that the impact of the cameras on the airplane’s aerodynamics was
negligible.
It was established that the surviving components of the control system were still functional. The
engines and the drive shafts were damaged but survived. Stan found the drive chain and its sprockets
which showed no signs of mechanical failure.

Investigation of the wreckage
On September 30th, we all gathered together for the funeral at the Dallas - Fort Worth National
Cemetery. The military ceremony was elegant and touching and it was good to see Leslia and Scotty’s
friends and family, some of whom I had not met before.
Early morning the next day, we drove out to Burns Flat to investigate the wreckage. The engines
were damaged but recognisable. Several months before the accident, I had been joking with Scotty
that the propeller gearbox, which weighed no less than 200 lbs, would be the only component to
emerge from a crash unscathed. This has turned out to be correct (the gearbox is now on permanent
display as a memorial to Scotty Wilson and the 100P in the Musée de la Chartreuse in Molsheim,
Alsace).
We helped Scotty’s brother Wesley to disassemble the clutches but found no indications of a failure.
Further investigation by a specialist showed that the plates’ thicknesses were still within
specification.
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We noted that the throttle valves in both engines were stuck in different settings. We found the
throttle levers and tried to deduct some clues from their settings after impact but without any result.
Once we concluded that nothing more could be learned from further investigation of the drive train
components, we set about sifting through the debris which had been recovered from the crash site in
large plastic tubs. One by one, we emptied out the tubs and spread out their contents on a tarpaulin
on the hangar floor with a garden rake. Dust from the ashes and a strong smell of burnt wood,
gasoline and gear oil rose up from the dirt, filling our noses for hours on end. We closely inspected
the dirt looking for recognisable parts.
After long hours of labour, we recovered only two items that provided clues to the cause of the
accident: the altimeter and airspeed indicator, with their needles stuck at their final readings, like the
hands of the victim’s broken watch at a murder scene. Indicated altitude and airspeed were 1760 ft
and 83 kts respectively (note: airfield elevation at Clinton-Sherman control tower is 1922 ft. But in
fact, cockpit video has shown that the altimeter was not working during the flight).
Through our search of the debris we did recover some other characteristic parts of the airplane
which had been thrown clear of the fire and therefore survived in reasonable condition: the drive
chain and its sprockets, torn propeller blades, the pitot tube / AOA indicator including the cockpit
display, the canopy latch. The copy of the Flight Manual which Scotty kept in the cockpit miraculously
survived. Each of us chose something to take home as a momentum. I took special care to look out
for a throttle lever from the original Bugatti airplane, which was installed in the rear fuselage, but we
did not find it. It was made of aluminium and must have melted in the fire.
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Cockpit video data
On February 2nd and 3rd 2017, the NTSB held a review of the salvaged video material in Washington
D.C. The review was conducted thoroughly, with the support of five experienced aeronautical
engineers who had flown in from across the country for this occasion. LRB was represented by Stan
Shumway.
Out of eight GoPro camera’s installed on the airplane, six had been recovered from the crash site.
From five of these, video images were recovered. It was fortunate that the images from the two most
important ones had survived: a cockpit mounted camera looking forward at the instrument panel,
and a camera mounted on the right hand side of the cockpit, looking towards the left at the throttle
levers.
During the two days of the meeting, the video data was reviewed meticulously. Instrument readings
and throttle positions were recorded at time intervals of half a second. The data recorded were:







Airspeed indicator
Angle of Attack indicator
Left RPM indicator (forward engine)
Right RPM indicator (rear engine)
Left throttle lever angle (forward engine)
Right throttle lever angle (rear engine)

The recorded data will be presented here in three graphs:




Forward engine RPM and throttle position vs time
Rear engine RPM and throttle position vs time
Airspeed and Angle of Attack vs time

In each graph, the relevant flight limitations from the Flight Manual are shown for reference:





RPM Caution
RPM Max
Stall speed Vso
AoA limitation

8500 RPM
9800 RPM
70 KIAS (knots indicated air speed)
12°

In addition, in each graph four points in time are marked by vertical dashed lines. These vertical lines
show how each graph correlates to events that are important to the analysis of the cause of the
accident:





Start of the RPM surge on the forward engine.
First pilot response to the RPM surge: fwd engine throttle lever is pulled back
The right wing dropping, as seen in the helicopter video
The left wing dropping

The events of the right and left wing drop have been timed by synchronising the helicopter video to
the cockpit video data, working backwards from the moment of impact.
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Forward engine RPM and throttle position
We will start with the forward engine RPM and throttle position, since these data present the most
obvious clues to the cause of the crash (see figure below).

Left wing drop

Right wing drop

First pilot response

Start of RPM surge

Until 2 minutes and 38 seconds after the start of the video, when the forward engine RPM starts to
increase (“Start of RPM surge”), everything appears to be as on the second flight. Witnesses on the
ground have stated that the engines ‘sounded funny’ from an early stage of the flight. However, the
instruments are not indicating anything unusual until the start of the RPM surge. At that point in
time, the airplane is already close to the end of the runway and there is no more opportunity to
abort take-off.
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The pilot does not respond immediately to the increase in RPM, leaving the throttle at an angle of
60°. But as soon as the RPM has reached the Caution limit of 8500 RPM, 9 seconds after the start of
the RPM surge, he begins to gradually pull back the throttle. This point in time, the first pilot
response, is significant because it is evidence that the pilot is aware of the RPM increasing and is
responding to it.
RPM continues to increase as the throttle is pulled back. The pilot continues to pull back the throttle
to 40° and then RPM falls sharply having reached a peak of 10,000 RPM, just above the Maximum
level of 9800 RPM listed in the Flight Manual.
As soon as the RPM starts its decline, the pilot responds by gradually opening the throttle again.
However, as he nudges the throttle forward, the right wing drops. He recovers the wing drop and
continues to move the throttle forward to 50°. The RPM responds by another surge towards 9750
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RPM, and the pilot pulls the throttle back to 45° when the left wing drops and the airplane enters an
apparent incipient spin.
The blue dashed line in the graph (‘Audio RPM’) shows engine RPM values as obtained from the
audio on Wesley Wilson’s video, taken from a point two thirds down by the runway. This data was
obtained in an experimental way: a professional musician (Dirtzen Rinkleff, mezzo soprano) was
asked to identify recognisable frequencies of musical tones in the sound of the engines as the flight
progressed. The frequencies as heard were corrected for Doppler effect and the timing of the
occurrence of these notes were corrected for the increasing distance between the airplane and the
microphone over time. While not as accurate as the instrument readings, the correlation is
surprisingly good and proves that the RPM indicator was not malfunctioning.
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Rear engine RPM and throttle position
Remarkably, the rear engine RPM is a flat line at 5750 RPM from the start to the point where the
throttle is finally cut back together with the front engine throttle after the right wing drop. However,
this does not mean that the rear engine throttle lever was left unattended. In fact, in order to
maintain rear engine RPM at a constant level, the throttle is gradually pushed forward while the front
engine throttle is cut back. The throttle advance to was necessary to maintain RPM due to the prop
wash from the front propeller (driven by the front engine) losing strength and the rear propeller
working in a slower airflow as a result.

Left wing drop

Right wing drop

First pilot response

Start of RPM surge

The significance of these facts is that the pilot clearly makes a conscious decision to maintain rear
engine RPM at 5750 RPM, regardless of what’s happening to the front engine. This is remarkable
since the Emergencies section of the Flight Manual specifies that, in case of an engine failure with
insufficient runway remaining, the throttles should be moved to full open.
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First pilot response

Airspeed and Angle of Attack
Up until the start of the RPM surge, both airspeed and AOA are at values also recorded during climb
on the second flight. At between 80 and 85 KIAS, airspeed is at a safe margin above the stall speed of
70 KIAS.
Unlike the stall speed, the AOA limitation was determined quite conservatively to provide an
additional margin of safety. Until the RPM surge begins, AOA is mostly just below 12°, with a few
peaks at 13° exceeding the limitation.

Left wing drop

Right wing drop

First pilot response

Start of RPM surge

After the onset of the RPM surge, there is a reduction in Airspeed of a few knots and an increase in
AOA to peaks of 14°. After the first pilot’s response to cut back the front engine throttle, airspeed
starts to drop significantly and AOA increases accordingly. The right wing drop occurrence coincides
with the airspeed crossing the stall speed boundary. When the left wing drops, airspeed has fallen to
65 knots and the maximum registered AOA is 19°, one second before the left wing drops.
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Root cause analysis
Now that all the data has been presented, the root cause of the accident can be determined. The
starting point of the root cause analysis will be the cause of death. From there, we will work our way
backwards with repeated ‘why’ questions to finally determine the root cause of the accident.

What was the cause of death?
From the autopsy and the cockpit videos, we know that Scotty was in good health and responding
rationally to the airplane’s responses and the instrument readings right until impact. Trauma to the
head, inflicted immediately on impact as a result of the crash, caused instantaneous death.

Why did the airplane crash?
The airplane crashed as a result of loss of control due to wing tip stall. This has been determined as
follows.
The helicopter video shows that six seconds before impact, the right wing dropped but was
recovered. Three seconds before impact, the left wing dropped and the airplane went into a
manoeuvre that looks like an incipient spin resulting from a stalled condition.
While writing the flight manual, we explained to Scotty that a stall was likely to result in an
unrecoverable incipient spin. The stall speed was listed as Vs0 = 70 kts in the flight manual, and the
safe AoA limit was conservatively set to 12° in order to avoid stalls.
However, registered Airspeed was 70 kts when the right wing dropped, and 65 kts when the left wing
dropped. Angle of Attack readings (AoA) in this timeframe were between 16 and 19 degrees.
A Computational Fluid Dynamics analysis has been performed by Ross Cooper, in collaboration with
our aerodynamicist Mike Cavanaugh. The CFD analysis results can be used to visualise the airflow
around the airplane at 16° and 19° AoA:

The transparent white surfaces at the wing tips are areas of flow separation. The analysis confirms
what was already known to Scotty from earlier aerodynamic analysis: stall first occurs at the wing
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tips and causes loss of aileron control. The flow separation at the tips renders the ailerons
ineffective.

Why did the airplane stall?
The airplane stalled as a result of a loss of power combined with a conscious decision by the pilot not
to start a descent to maintain airspeed. This has been determined as follows.

Throughout the climb, airspeed was maintained at 80-85 kts (as on the second flight), until the
forward engine throttle was cut back to control RPM and airspeed began to bleed off, 10 seconds
before impact. The position of the airplane at that moment is illustrated by the picture above, a
cropped still from the helicopter video. A yellow chevron can be seen to the lower right, indicating
that the airplane is just above the end of the runway. Visible just above the airplane are two roads in
east-west (right-left) direction, one inside the airport fence and one just outside the fence. Just
beyond the roads, we see the bean field in which the airplane crashed, less than a hundred feet
behind the fence.
Given the loss of power and airspeed, the normal pilot reaction would have been to drop the nose
and start a descent in order to maintain airspeed. Even for pilots with just enough flying time to
maintain their license, this would be an instinctive reaction. There are two possible explanations why
Scotty did not bring the nose down:
1. He made a conscious decision not to maintain airspeed but to continue horizontal flight;
2. His focus on managing the power loss led to tunnel vision, and he was unaware of the loss of
airspeed.
In my opinion, the second option can be discarded for the following reason: his recovery of the right
wing drop is evidence that he was conscious of the stalled condition at that point in time. And yet, he
did not respond by bringing the nose down. Therefore Scotty must have made a conscious decision in
order to suppress his normal instinctive reaction and maintain horizontal flight.
We do not know for a fact why he made that decision, but the most likely explanation is as follows.
Had he dropped the nose sufficiently to maintain airspeed above 70 kts, his descent rate probably
would have made it impossible for him to clear the fence. He would have been forced to belly land
inside the fence, to cross uneven ground as he traversed the inside road, ploughed through the fence
and then traversed the outside road. The uneven ground and the fence itself would have likely
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broken the fuselage and exposed him to the whirling drive shafts – a dreadful scenario that he
referred to on several occasions.
In short, it is likely that he consciously reduced airspeed below the stall limit because he judged it as
the lesser of two evils. He must have decided that he might be able to belly land safely in the field
beyond the fence.

Why was there a loss of power to cause a stall?
A power failure on a single engine by itself does not fully explain why level flight could not be
maintained at safe airspeed. Like on any twin engine airplane, Rate of Climb calculations on a single
engine had been performed and showed that the airplane could climb on a single engine.
There were three reasons why the loss of power resulted in the airplane’s inability to maintain
altitude above stall speed:
1. The front engine clutch was slipping
2. The rear engine RPM was maintained at 5750 RPM, limiting power output
3. Airspeed during the climb was below Vyse, which is the airspeed resulting in the best Rate of
Climb on a single engine.
These reasons have been determined as follows.
The cockpit video shows a gradual increase of the front engine RPM from 6,000 to 10,000 RPM while
there was no increase in airspeed and despite the throttle being gradually cut back to compensate
this. We have the evidence from the analysis of the audio on the ground to confirm that the RPM
indicator was not malfunctioning. Therefore, it is clear that the clutch on the front engine was
slipping and affecting the power transmission to the front propeller.
The cockpit video data show that Scotty gradually opened the rear engine throttle to maintain the
rear engine revolutions at 5750 RPM as he cut the front engine throttle back. This shows that he
made the conscious decision not to fully open the rear engine throttle. This decision is not in line
with the Flight Manual, which specifies that the throttles should be full open in the event of an
engine failure during take-off with insufficient runway remaining, or in the event of an engine failure
during flight. There can be only one reason why he decided to deviate from the Flight Manual. The
issues with the chain drive on the rear engine, which had been solved just days prior to the second
flight, and were only tested during the five minutes of that flight, undermined his confidence that he
could safely run the rear engine above 6000 RPM.
The third reason why it was impossible to maintain level flight on a single engine is due to the fact
that the airplane had not yet accelerated to 105 kts, the airspeed providing the best Rate of Climb on
a single engine (Vyse).
During the course of the project, I developed a spreadsheet to estimate Rate of Climb (RoC) on a
single engine at Scotty’s request. This spreadsheet can be used to see how RoC varies with throttle
setting and airspeed while flying on a single engine under the conditions of the accident flight.
With the airspeed at 80 kts, the throttle setting can be adjusted to set the rear engine revs to 5750
RPM as recorded by the cockpit video. The corresponding setting is 51% of full throttle, with the
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engine delivering only 27% of its nominal power. At those settings, I obtain a negative Rate of Climb
of -325 ft/min. This means that the pilot has to compromise between maintaining airspeed at 80 kts
at a descent rate of 325 ft/min, and maintaining altitude at the expense of losing airspeed.
In case Scotty had decided to accept the risk of a chain drive failure and had applied full throttle on
the rear engine, my performance estimation shows that a climb rate of 390 ft/min would have
resulted.
In hindsight, his best choice might have been to open the rear engine throttle to 75%, achieving
around 6830 RPM. This would have been just enough to maintain airspeed and altitude in order to
clear the fence. But the probably reason why he decided against this has already been stated.

Why did the front engine clutch slip?
Slippage of the clutch, as well as the chain drive issue, first occurred during flight due to insufficient
ground testing of the drive train before first flight. The reasons for this conclusion are described
below.
The engines on the Bugatti 100P replica were standard Suzuki Hayabusa motorcycle engines. The
clutches were the standard items of the multiple wet plate type. They presumably were in perfect
shape to perform their intended task as motorcycle clutches, but they have not been formally
qualified for use in the Bugatti 100P drive train, nor in any other airplane.
The exact technical reason why the clutch slipped is not known, nor will it ever be known for certain.
Some probable causes are:



Torsional vibration in the drive train causing peak loads on the clutch outside the design
specification;
Sudden clutch engagement with the gearbox in 6th gear, causing peak loads on the clutch
outside the design specification.

To remove any doubts about the cause, it would require thorough ground testing of the drive train in
a test rig in order to simulate the conditions that caused the clutch to slip. Ground testing of the
drive train was performed on the 100P replica while installed in the airplane, but failed to identify
both the clutch slippage and the drive chain issue before first flight. This is due to the limitations
imposed by the ground testing as performed on the airplane:




Due to the fixed pitch propellers, it was impossible to test the drive train at maximum RPM
on the ground. The air resistance of the propellers at zero forward speed stopped the
engines from producing their maximum power and RPM.
Low life items could not be identified during ground testing, since the drive train evaluated
during ground testing was the same assembly also used for flight testing. It was therefore
impossible to test the drive train for more than the operating time expected during flight.

By comparison, it is interesting to note that the original Bugatti 100P drive train was tested on the
ground in the Bugatti factory grounds at Molsheim. The original propellers had ground adjustable
pitch, allowing the engines to be run at full power and RPM in the test rig with the propellers at fine
pitch. The same engines and drive train components tested on the ground were also installed in the
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airplane, but they would have been thoroughly disassembled, inspected and rebuilt before final
installation in the airplane.

Why was insufficient ground testing performed?
The answer to this final question is simple: insufficient ground testing was performed due to a lack of
funding and resources. To build the 100P was by any measure a most ambitious project to take on
for a single person with limited financial resources. Scotty was acutely aware of his limitations in this
respect. For that reason, he sought the support from aerospace professionals from around the globe
and he launched a crowd funding project to support the financial side. Still, in order to improve
safety to a level that would have prevented the failures in the drive train, the project budget would
have had to be increased by an order of magnitude. Scotty was aware of the risks he was taking and
he did everything possible – plus some impossible things – to mitigate those risks. This is apparent
from an email he sent me in January 2011:
By way of injecting a bit of humor into this conversation, please recall this scene from the
movie Butch Cassidy and The Sundance Kid:
Bandits Butch and The Kid are being chased by lawmen and are trapped on a mountain with no
way to escape. They risk 1) dying in a shootout with the lawmen; 2) going to prison if caught; 3)
suffering serious injury if they jump into a raging river far below. The Kid admits he can’t swim;
Butch laughs and tells him the fall will probably kill him anyway.
The point is that taking risks is a part of life and I accept the risks associated with flying this
airplane, in whatever form they take. That does not mean I am foolish. I do not want to be the
first man to fly – and die – in Bugatti’s only airplane.
Indeed, Scotty was not foolish. I believe that after the chain drive issue was addressed, still leaving
serious doubt about its dependability, he began to realise the level of risk he was taking. The rear
engine no longer provided any safety in case there was an issue with the front engine. In fact, having
a second engine now added risk instead of safety. Those risks then appeared to be at a higher level
than he had ever anticipated or accepted. I believe that this is the reason why he decided to fly the
airplane just once more, in order to close out the project. His growing awareness of the risk level is
likely to be the explanation for his unusual demeanour prior to the third flight when, shortly before
take-off, he decided to reduce the flight plan to just a single figure of eight.
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Root cause summary
Based on the above, the root cause of the accident can be summarised as follows.
During the development of the airplane, a lack of funding and resources put limitations on the scope
of ground testing. This resulted in a low level of reliability of the drive train, causing two failures: the
chain drive issue on the rear engine, and clutch slippage on the front engine.
The chain drive issue was detected during first flight and addressed before the second flight.
Clutch slippage occurred at a critical stage of the flight with insufficient runway remaining to abort
take-off. Concerns about the reliability of the chain drive stopped the pilot from compensating the
loss of power on the front engine by adding power to the rear engine. In an attempt to clear an
obstacle on the ground, the airplane stalled and flow separation on the wing tips caused a loss of
aileron control which resulted in a fatal crash.

Lessons learned
Although it will probably take some years, the day may come when someone decides to build
another reproduction of the Bugatti 100P. When that day comes, that person will make his own
decisions about the risk levels he is willing to accept. However, Le Rêve Blue can offer the benefit of
our experience in building the first one that flew.
In this Lessons Learned section, I will offer my opinion on the minimum requirements that need to be
fulfilled in order to significantly reduce the risk and fly the airplane in relative safety. But I say
‘relative safety’ for a reason. Along with the stunning beauty of this airplane, which is the result of
an uncompromising urge to reduce drag, comes its inherently unsafe stall behaviour. This can be
improved upon by changing the aerodynamic design, but this would result in a new airplane design
that only remotely looks like a Bugatti – De Monge 100P.
So, in order to fly in relative safety, you need to avoid a stall. And to avoid a stall, you need to have a
reliable power plant installation. Scotty decided not the reproduce the original airplane’s power plant
installation because of the costs involved. The price for a single reproduction Bugatti Type 50B racing
engine was estimated at $300,000. This was regrettable for a number of reasons, and certainly not
the least of those is that the original setup was well designed and proven during ground testing at
the Molsheim factory.
There is a compelling logic to the original drive train shown in the picture below. Two Type 50B
engines – by far the most powerful that Bugatti had ever developed - were needed in order to
challenge the world speed records of the time. To reduce drag to an absolute minimum, the engines
were placed inside the fuselage, in line behind the pilot. The engines were installed with their rear
ends towards the front, so that the drive shafts could be connected to the front facing rear ends.
Each drive shaft had to clear the pilot on either side, and the rear engine drive shaft had to clear the
front engine. That meant that each engine had to be offset from the centre line to either side, to
allow each drive shaft to pass under one of the pilot’s elbows.
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With almost one thousand horsepower generating heat inside a tight wooden fuselage shell, a key
requirement was that the exhaust side of the cylinder heads should hug the fuselage skin to allow
the exhaust heat to exit directly into the open air. If not, the exhaust stacks would have run for some
length across to the other side, heating the air inside the fuselage, raising the supercharger and
carburettor intake temperatures and reducing power output. On top of that, there was simply no
room for traversing exhaust stacks inside the tightly packed fuselage. Following irrefutable Bugatti
engineering logic, combined with typical disregard of manufacturing cost, it was decided that the
exhaust side of the front engine would be on the right hand side, while the rear engine would have a
cylinder head with mirrored orientation, with the exhausts exiting on the left.
This meant that the front engine was built in the normal orientation also used for the racing cars and
the Bugatti torpedo boat, while the rear engine had a symmetrically opposed top end. Both engines
turned in the same direction; the front engine’s direction being reversed by the gearbox installed in
the bulkhead just in front of it, so that the propellers turned in opposite directions.

In order to save cost, Scotty selected two identical Suzuki Hayabusa motorcycle engines for his
reproduction, each one installed with the exhausts close the skin. To make that possible, the rear
engine was installed with the output shaft at the rear end. The added complexity of the drive train
caused by this arrangement is apparent from the picture above. Apart from two additional six speed
gear boxes and clutches that came with the motorcycle engines, two additional drive shafts and
universal joints were needed to make this arrangement work. Each of these additional components
presents an additional risk if not proven for use in this airplane.
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To prevent the type of failure that caused the accident, the minimum required scope of test and
development work would have looked like this:









Build a ground test rig with all drive train components incorporated
Test the start-up, taxiing and shut-down conditions for X times the expected number of flight
cycles with coarse pitch propellers (as used during flight testing)
Test the high speed taxing and flight conditions for X times the expected number of flight
cycles with fine pitch propellers (to achieve same high RPM values on the ground as expected
during flight)
Disassemble and inspect drive train components
Devise solutions to correct shortfalls. For the LRB replica, this would have included:
o Select stronger type of clutch
o Design & manufacture gearbox for rear engine drive
Repeat test program with modified drive train until results are acceptable

For a possible future build, this is the level of testing and development work required to achieve a
significantly improved safety level when working from a similar starting point using standard
automotive components. The cost for a new project along these lines depends on many factors, but
our order of magnitude estimate is five million US dollars – around five times the amount spent on
Scotty’s reproduction. The test program transforms the flight safety risk into a substantial cost and
lead time risk. To a large extent, it defeats the purpose of cutting cost by using standard automotive
components.
If we have to accept a big cost increase to achieve the required safety level, the original Bugatti drive
train design becomes an option for several reasons:







It was specifically designed for use in the 100P airplane
The mirrored rear engine cylinder head allows for a simple drive train with low part count
Drawings and original components survive, allowing accurate reproductions to be made
Most importantly: the engines, drive train and ground adjustable propellers were qualified
by ground testing before they were installed in the airplane. This is an essential factor that
reduces risk for a new reproduction.
Finally: to fly a Bugatti 100P with Bugatti engines would be the logical next challenge to move
beyond the milestone already set by Scotty Wilson.

Of course, the high power delivered by the Type 50B engines introduces some new issues that would
need to be addressed. Flying the airplane at high engine torque, power and speed would require
some structural issues to be dealt with (especially flutter) as well as minimum flight speed with a
single high torque engine.
Original drawings for the Type 50B engine survive in the Bugatti Trust archives. It is technically
possible to build new 50B engines from scratch. While there are some concerns about the robustness
of the slender crankshaft supports in aluminium-magnesium alloy , derating the engines to produce
300 or 350 hp should enhance the reliability of the engines and still allow for relatively safe handling
on a single engine if needed.
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In summary, to fly the Bugatti 100P at an improved safety level, there is a choice between two
options:
1. Repeating Scotty’s accomplishment with a large increase in development cost and risk
2. Moving beyond Scotty’s accomplishment to incorporate the original Bugatti engine and drive
train designs, accepting an even higher basic cost level but a moderate development risk

Conclusions
Conclusions on the root cause of the accident
During the development of the airplane, a lack of funding and resources put limitations on the scope
of ground testing. This resulted in a low level of reliability of the drive train, causing two failures: the
chain drive issue on the rear engine, and clutch slippage on the front engine.
The chain drive issue was detected during first flight and addressed before the second flight.
Clutch slippage occurred at a critical stage of the flight with insufficient runway remaining to abort
take-off. Concerns about the reliability of the chain drive stopped the pilot from compensating the
loss of power on the front engine by adding power to the rear engine. In an attempt to clear an
obstacle on the ground, the airplane stalled and flow separation on the wing tips caused a loss of
aileron control which resulted in a fatal crash.

Conclusions on lessons learned
To fly the Bugatti 100P at an acceptable safety level, there is a choice between two options for the
engines and drive train:
1. Using standard automotive components proven in a thorough ground testing program with
associated development cost and risk
2. Using the original Bugatti engine and drive train designs which are already proven by ground
testing, at a higher basic cost level but at a moderate development risk
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