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Transformation in VTOL

Civil: Revolutionary Urban Mobility Defense: Multiplication of Tactical Reach
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Contrasting use cases drive common technologies.
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Leaps in VTOL Efficiency

Transportation Product (Payload*Range [ton-nmi] )
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Efficiency enables delivery of increased payload-range

with equal or reduced energy consumption. But, we need:

L .
On-demand mobility (ODM) is driving development of /D MpMe > helicopter
efficient VTOL below 40 ton-nmi. %W, < helicopter

Military is driving development of efficient VTOL above
400 ton-nmi.
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DPI-\ Autonomy Is a Critical Enabler for VTOL
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1. Dramatically reduce mishaps and fatalities

2. Enable routine operation in nearly all weather conditions
Remove burden of following instrument flight rules

3. Address pilot costs, training overhead, and pilot shortages <L SLERgelo [ IERET(E
2 pilots =) 1 pilot onboard =» 0 onboard demonstrating

4. Routine operation to/from small and uncontrolled areas significant advances

. Couch, Mark and Lindell, Dennis. Study on Rotorcraft Survivability. Presented at the
American Helicopter Society 66™ Annual Forum, Phoenix, AZ, 10-13 May 2010.
. Uber Elevate. Fast Forwarding to a Future of On-Demand Urban Air Transportation. Oct. 27

2016.
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Path to Certification for Autonomous VTOL

Employ processes that achieve appropriate
level of safety, and retain a means of
compliance for advanced technologies:

* Planning / mapping algorithms

* High speed computing

* New sensors
Design autonomy architectures that
consider certification from concept stage:

» Hardware redundancy

» Software level of assurance

» Sensor performance (obstacle avoidance,
sense and avoid, vehicle proximity, etc)

* Navigation performance
* Human machine interface
Ensure an efficient means for growth and

improvement without significant re-
iInvestment.

Certification is the next major step
for transition to military and
civilian operations in platforms
rated for human occupancy.
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DARPA Design for Conversion

o Efficient VTOL aircraft must convert from hovering flight (T=W+margin) to
cruise flight where P<< W*V/4.

 Low-speed maneuvers include approaches, go-arounds, aborted take-offs,
and descents as well as failures (engine, motor, power bus, tilt actuator, etc)
 Wheeled landing gear bypasses conversion
* Rolling take-offs and landings may be very short, and consume less energy
* Rolling landings provide options in emergencies LANDING

b GRCSS WEIGHT = 12,536 LB 2 ,-- o\
) _ LIl STDDAY4ENGINES
conversion corridor Virye = 300 knots @ 16,0007t f e v e - - INCLUDES RESIDUAL THRUS 3
que limit \ \ 130 i
Airplane . S I T e .
2400 T T T T T torque limit | Tti33 SEC. |ITe103 SEC. [ T28.4 SEC
Nacelle angle = 80° [ DUCTS AT 29°) . TDUZTS AT 60° | DUCTS AT 80°
2000 |- Flap angle = 20° = BOp- V=136 KNOTS‘—'—' V= 75 KNOT‘
Hover w 'T -------- i T - - %
. R £ prziniioiioifineieln
51500,. ....... Mrerererrarrerarsreresenrsrnrnrnsgionsenrarnrnnrirsgbideenennriranigacnnrinrsenaferircsinressforerineninres L:.I SDLE#ﬂ LRI N f
a \ R 2T
S \ 2 SRR TP S S ML N gl S . e
=1200 | N = S D O 1 i .
@ = 4 | '
@ Singleengi;: < c 5 T: 0 SEC. L1+ 1DUCTS AT aoj-{i 1
Q —
g *%°[ emergency power — — — Estimated ’{Jnugﬂ’s‘ 'I-_NGCEE.:E)E& t” J{":* '.61—‘-3 SEC. | J ! 1]
available Predicted o 1GU [t eTrilr 1
e e e 1 T T ]
~— Helicopter mode ——‘ ‘47 Airplane mode ———— ] .L R 1173 i 1t | R A R . ;_ i
[ M ! oL SRR BE R RS BE AR B =1
0 40 80 120 160 200 240 0 I 2 3

Calibrated airspeed (knots) DISTANCE - 1000 FEET

Modelling of the aircraft dynamics, trim, and loads through the

conversion corridor is essential early in the design process.
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DPA Summary

Military and commercial VTOL industries
are developing and flying demonstrators
at an incredible pace.

Autonomy is central to both use cases.

Certification of more autonomous, new air
vehicles is the next step for both use
cases.

The momentum and common
interest provides an incredible
opportunity for advancement.
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