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There are few times in history that aviation really 
produces a new “hit-product”

First flight
Wright brothers

Start of 
commercial air 
transport

First “mass 
produced” helicopter

Small drone 
revolution

Age of the 
eVTOLs

1903 1930s 1940s 1960s

Jet age

2000s 2020s
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Source: Wikipedia Sikorsky R-4 
Source: Wikipedia

B-707, source: Wikipedia

Source: Google images
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Urban Air Mobility – Uber Elevate
• Hundreds of small vehicles buzzing around 

metropolitan areas
−Sometimes flying to people’s houses, 

sometimes to vertiports
−Need to fit into existing airspace, deconflict with 

each other (and SUAS traffic), avoid running 
into buildings, trees, and wires.

−Need to interact with a variety of human 
stakeholders – passengers, maintainers, ATC, 
dispatchers, etc.

• Many companies are working on the vehicle 
portion of this problem

If a quiet, electric, long-range helicopter showed up 
today, how would you run an aerial bus service?

Autonomy-ready 
airspace, 
infrastructure, 
industry partners



6

Urban Air 
Mobility defined 
for today

Fly hub-to-hub 

Urban routes of 50-80km

2 passengers

Autonomous operations
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Which architecture is most suitable? 
As always, depends on the requirements

MULTICOPTER SEPARATE, FIXED
PROPULSION

“TILT-SOMETHING”

• Powered lift at all times
• No “mode change” needed
• Simple, but inefficient 

cruise

 Great to hover, not so good, 
if you want to go somewhere

• Separate propulsion system for 
hover and cruise

• Minimal number of moving parts 
needed

• Optimize propulsors separately 
for hover & cruise

• Balances efficiency with 
simplicity

 Good balance between cost and 
payload/range capability

• Combined propulsion system
• Requires changing direction of thrust 

from hover to cruise
• Need to design propulsors for a wide 

range of operating conditions 
• Adds complexity, lowers 

propulsive efficiency

 Potential for improved 
payload/range capability

ComplexityLower Higher
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…which in turn determines range

...DRIVE ACHIEVABLE RANGE

Separate propulsion configuration has comparable range to “tilt-something” 
with much lower complexity
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Lightweight electronics and powerful electric motors 
enable entirely new configurations

1980’s 2010’s
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t Mechanical IMU, 

>10kg

Solid-state 
IMU, <1kg

Sensing

Computing
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Integrated 
autopilot, <200g

Source: Honeywell, NASA, Vector UAV, Rotax, Rolls-Royce YASA 
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Turboshaft engine

Electric motor
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IC engine

+
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Batteries give us reasonable range today assuming a 
winged eVTOL – more in the future

50km radius

90km radius

2019

2025

Packaging 
overhead

Note: Assumes 1 ton, winged concept with 20% battery 
mass fraction, 5% yoy battery specific energy improvement
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How Can You Build Fast

• Parallelize work as much as possible
• Use the edges of conservative assumptions to define design space
• Use engineers able to work in the shop (Swiss educational system preferred), as well as 

integrating the manufacturing team with the design team
• Simplify, simplify, simplify...

SRR CoDR PDR Aircraft Powered Up First Flight

Preliminary Sizing

JulJan Feb Mar Apr May Jun Aug Sep Oct Nov Dec Dec

Delta-SRR

Mold Production

Production / Assembly of Parts

Proof Testing of Components 
/ Integration

GVT

Detail Design

Material Procurement

CDR
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PAV Assembly

Boom, 
2X

Canard

Propeller
(Cruise)

Vertical 
Tail, 2X

Horizontal 
Tail

Landing Gear, 4X Rotor, 
8X

Wing

Cabin Door

Canopy
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PAV Timeline

• Concept determination January to March 2018
−Definition of external loads

• Analytical approaches in Excel

• CFD verification of flight loads

−Stick model with mass distribution
• FEMAP with NX Nastran

−Determination of internal loads and loads distribution
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PAV Timeline

• Concept proof & manufacturing April to July 2018
−Detailed component FE models, implemented in stick model

• Analysis of global carbon structure

• Stability analyses

−Part connections analyzed analytically
−Detailed models of fittings (especially for fatigue)
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PAV Timeline

• Concept verification August and September 2018
−Preparation and conduction of proof tests
−Each component tested separately
−Proof tests completed 9 month after project start!

• Assembly September and October 2018
• System Integration October to December 2018
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PAV Timeline

• Dynamic investigations (March 2018 – Today)
−GVT for stiffness correlation
−Aeroelasticity analyses (hover & fwd flight)
−Rotor vibration
−Transition behavior
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PAV Timeline

• First Flight performed at the 22nd of January 2019

• First Flight video
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