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Overview

My background

e Airplanes and energy

e Mitigating the risks of energy mismanagement
 Managing two sides of the same energy coin

* Energy management safety and efficiency goals

* Energy management training plan
e Training building blocks

* Integrating energy safety and efficiency

e Benefits from an integrative approach

e Energy management in the new era of aviation
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My Background




Airplane: Quintessential Energy System
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Mitigating the Risks of Energy Mismanagement

e Accidents Unsafe altitude
and speed
SAVING LIVES CONTROL
* Wasted fuel Inefficient fuel
PERFORMANCE
PROTECTING
ENVIRONMENT
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Managing Two Sides of The Same Energy Coin

SAFETY EFFICIENCY

Flight control Flight performance

Controlling altitude and airspeed Managing fuel




Ene rgy Manage mechanical energy to achieve and maintain
Mana geMme Nt vertical flightpath-speed targets, while mitigating
Goa | hazards caused by unstable deviations or rapidly

degrading energy states

FLIGHT CONTROL
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Energy
Management

Manage the energy source using principles of

energy conservation aimed at reducing the amount

Efficiency Goal

of fuel consumed per unit distance or time

ENGINE & AERODYNAMIC
PERFORMANCE
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Energy Management Training Plan

e Use an “outside-the-box” instructional approach so that safety and
efficiency principles can be:

* Taught to any pilot

e Applied to everyday flying
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Training Building Blocks

e Energy principles across disciplines

* Pilot-oriented approach
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Combining Principles from Four Disciplines

e Physics: Laws of Motion & Conservation of Energy
« Engineering: Total Energy Control System (TECS)
* Military Science: Energy Maneuverability (E-M)

» Biology: Bioenergetics of Locomotion (BEL)
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PROBLEM...
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Pilot-Oriented Approach

e Analogies
e Top-down

e Hands-on




Integrating Energy Safety and Efficiency

Intersection

Balance

Conflict
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BOTH

AND

OR

(0

(0

Dealing with low inflight fuel

Correcting and preventing
path-speed deviations

Selecting path-speed targets

Minimizing turns

Clearing obstacles

Dealing with unsafe weather



Benefits from an Integrative Approach

Energy management training can assist pilots develop energy safety and conservation skills
to mitigate inflight “energy crises”, thus preventing accidents and unnecessary waste of fuel

e Efficient pilots understand the importance of conserving resources and protecting the
environment

e Obviously, pilots must never compromise safety for efficiency

* An integrated approach enhances the ability to assess intersections, balances, and
conflicts between safety and efficiency in any phase of flight, thus helping pilots make the
appropriate decision in critical situations
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Energy Management in the New Era of Aviation

 Energy and power source limitations will make integrating safety and efficiency
even more critical in the operation of electric vertical-takeoff-and-landing

(eVTOL) aircraft
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Juan Merkt

merktj@erau.edu

Embry-Riddle Aeronautical University
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