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Preface
General Aviation Manufacturers Association’s (GAMA) Flight Licensing & Certification Ad-Hoc Committee (FLC)
has developed this report, titled Transitioning to Electric Vertical Takeoff and Landing (eVTOL) and other Aircraft
Equipped for Simplified Vehicle Operations (SVO). The report is intended to ensure the safe and efficient
integration of aircraft with SVO systems into the existing pilot population and to allow future pilots to efficiently
train and operate these aircraft. Traditional pilot training approaches and operations models are not
appropriate for SVO, which utilize increasing levels of automation. This report summarizes characteristics of
eVTOL and other aircraft equipped for SVO and provides recommendations to regulatory authorities to ensure
safe integration of these aircraft.
GAMA is a global trade association representing over 115 of the world's leading manufacturers of general
aviation airplanes and rotorcraft, engines, avionics, components and related services. GAMA's members also
operate repair stations, fixed based operations, pilot and maintenance training facilities and they manage fleets
of aircraft.
From its start in 1970, GAMA has been devoted to one primary purpose: to foster and advance the general
welfare, safety, interests and activities of general aviation. This includes promoting a better understanding of
general aviation and the important role it plays in economic growth and in serving the transportation needs of
communities, companies and individuals worldwide.
With offices in Washington DC, USA and Brussels, Belgium, GAMA represents the interests of its members to
government agencies throughout the world. These interests include legislation, safety regulations and
standards, market access, development of aviation infrastructure, and aviation security.
Through its public information and education programs, GAMA promotes better understanding of general
aviation and the important role it plays in economic growth and in serving the transportation needs of
communities, companies and individuals worldwide.
Questions on interpretation and proposed changes to this publication (including requests to provide additional
clarification or scenarios) should be submitted to General Aviation Manufacturers Association, Suite 801, 1400 K
Street, N.W., Washington, D.C. 20005 or General Aviation Manufacturers Association, Rue de la Loi 67, 1040
Brussels, Belgium, or emailed to comments@gama.aero.
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Executive Summary
The GAMA Flight Licensing & Certification Ad-Hoc Committee (FLC), based on a review of existing pilot licensing
and certification rules and associated private/commercial operating standards, has proposed a course of action
to address aircraft that are equipped for Simplified Vehicle Operations (SVO). An SVO equipped aircraft
incorporates flight systems, and interfaces that provide assistance to a human pilot or operator to reduce the
complexity of aviation, navigating and performing other flight-related tasks while increasing safety. The report
focuses on the training and operation issues of SVO-equipped eVTOL aircraft of varying design from airplane-like
to copter-like, but it can also be applied to more traditional airplanes which may be equipped with SVO features.
Historically, new technology has introduced additional pilot training and currency requirements. SVO systems
are fundamentally different; substantially more technology is incorporated to dramatically reduce the pilot’s
workload and add protective systems while reducing the amount of required pilot training.
Modern electronics have enabled safe and reliable ways to integrate automation to simplify the tasks required
for the safe control of an aircraft, allowing pilots to focus on higher-level skills such as decision making and risk
management. This report details considerations for simplifying or reducing some areas of pilot training while
focusing more thoroughly on other areas, based on aircraft with designs that include SVO features.
The current pilot licensing categories (airplane, rotorcraft, glider, powered lift, etc.) align with the traditional
characteristics of established, conventional aircraft, but these categories are not well-suited to new SVOequipped aircraft of the same types. Additionally, the training and operational requirements established for
traditional aircraft are not appropriate for the innovative aircraft currently being developed and undergoing
certification programs, including the range of eVTOL designs, or traditional aircraft retrofitted for SVO. These
aircraft are expected to go into commercial service under Part 135 in the U.S. and EU-OPS Regulation (EU) No
965/2012 in Europe.
The FLC suggests follow-on review efforts:
•

FAA operational rules

•

EASA Notices of Proposed Amendment and Special Conditions related to VTOL and automation

•

ICAO operational Standards and Recommended Practices (i.e., Annex 6 and 8)

•

Feedback from regulatory agencies

•

Integration of full autonomy

This report includes recommendations to address immediate near-term operational needs and also
recommendations to ensure efforts are aligned with longer-term goals for the safe integration of automation
and autonomy. For the purposes of this report, timeframes are as follows –
•

Immediate – Present through 2020

•

Near Term – 2021 through 2025

•

Long Term – 2026 through 2030
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Recommendations
Immediate Term – Present through 2020
1. The FAA should consider creating a highly condensed Aviation Rulemaking Committee (ARC) tasked with
reviewing the current SVO-equipped aircraft and designs, their training and operations concepts, and
market timelines, relative to the current training and operations rules. The ARC output would
recommend a path forward for near term training and operations. (Immediate 1: Executive Summary)
2. FAA should start monthly internal coordination meetings between AFS, AUS, AIR, and ATO on the active
projects and their status to get ahead of issues. (Immediate 2: Executive Summary)
3. Civil Aviation Authorities, where possible, should to improve the rate and quality of harmonization.
Much of this document is based on FAA regulations; however, the overall considerations affect all
relevant authorities. (EASA is planning to start rulemaking for pilot training and operations this year).
(Immediate 3: Section 4.1.1)
4. Regulators should shape policy and, if necessary, regulations to rely more heavily on simulation systems
and modern training concepts for SVO-controlled aircraft because:
a.

Current designs defined by sophisticated software align well with simulation training;

b.

Costs and effectiveness of simulation have matured to ensure aviation training devices
(ATDs) have proved to be as effective as traditional simulators;

c.

Traditional control feel or inceptor feedback issues and mimicking mechanical systems
aren’t as present on SVO-equipped aircraft; and

d.

Electric aircraft will initially have short flight times, because of current battery energy
density limitations, making actual flight time for training difficult for operators to generate.

(Immediate 4: Section 4.1.5)
5. The authorities should work with industry to develop minimum standards for SVO-equipped aircraft
simulators, aviation training devices (ATD), and emerging smart devices. (Immediate 5: Section 4.1.5)
6. The regulators should utilize model specific training and evaluation criteria, mandated through Type
Certification (TC), Supplemental Type Certification (STC) or Aircraft Flight Manual (AFM) limitations, to
safely and efficiently transition existing private/commercial/ATP airmen into SVO-equipped aircraft
(including eVTOL). (Immediate 6: Section 4.3)

Near Term – 2021 through 2025
1. The FAA and EASA should leverage flexibility in existing regulatory language for airplanes and rotorcraft
in order to address the immediate needs of eVTOL designs which include SVO control methodologies.
Where regulatory flexibility may be absent, the regulators should focus on the use of deviations,
waivers, and only if necessary, exemptions. (Near Term 1: Executive Summary)
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2.

Any exemptions or rules should be performance based to allow for greater flexibility in an evolving
vehicle and operational environment and to allow for use and credit on multiple projects. (Near Term 2:
Executive Summary)

3.

A twelfth area, based on the inherent differences of SVO-equipped aircraft, should be added to fixed
wing training in the Airman Certification Standards (ACS) to address the vertical operational aspect of
these vehicles. The twelfth area would be called Vertical Operations and would address nine
recommended sub tasks. (Near Term 3: Section 4.2)

4.

When existing regulatory systems do not allow for a timely implementation of more flexible licensing
schemes, a flexibility mechanism should be considered as near-term and transitionary solution that
allows enhancing legacy licenses for airplanes or rotorcraft, as appropriate to the specific aircraft.
Flexibility must allow for interchangeability of licenses towards the later more flexible solution and vice
versa for pilots transitioning from a region where near-term transition solutions are in place. Where the
SVO equipped aircraft has differences from conventional airplanes or rotorcraft, manufacturers should
incorporate model specific training for those differences in their AFM. (Near Term 4: Section 5.0)

5.

Airplane-like eVTOL should be integrated into the existing operational and airspace requirements with
the ability to fly like an airplane and a rotorcraft, depending on the configuration/capability (CTOL/VTOL)
used for departure and/or approach. (Near Term 5: Section 5.0)

6.

The industry appreciates the efforts EASA is undertaking to enable UAM operators to start operations in
a near-term future that meets the aggressive timelines of these projects. As UAM is considered to
become a global business, the overall concept should be aligned to the highest possible levels between
all relevant Aviation Authorities to reduce parallel efforts, to enable a level playing field, and to foster
transparency for all operators between the individual markets. (Near Term 6: Section 5.5)

Long Term – 2026 through 2030
1.

The FAA and EASA should consider redefining aircraft categories or simply using the term “aircraft” for
many of the pilot certification and operating rules, where the rules currently use the terms airplane and
helicopter, fixed or rotary wing, etc. The FAA and EASA should harmonize on these aircraft definitions.
(Long Term 1: Executive Summary)

2.

Regulators should leverage experience gained from transition training and operations with the early
eVTOL and other aircraft designs equipped with SVO when developing training requirements for new
pilot. This new training includes the creation of licenses/certificates and evaluations for eVTOL and other
aircraft equipped with SVO for new pilots. Authorities should work on a aligned concept for training
using ICAO evidence-based training approach. (Long Term 2: Section 4.4)
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Definitions
ACS – Airman Certification Standards
AFCS – Advanced Flight Control System
Electric Vertical Takeoff and Landing (eVTOL) – heavier-than-air aircraft with lift/thrust units driven by electric
motors used to generate powered lift and control. The distinction from conventional airplanes is based on the
VTOL capability of the aircraft while the distinction from conventional rotorcraft is based on the use of
distributed propulsion, specifically when more than two lift/thrust units are used to provide lift during vertical
take-off or landing.
Human-in-the-loop – A system in which a human must interact with the system for it to be able to perform or
control actions.
Human-on-the-loop – A system in which a human can provide guidance to an automatic system that has the
authority to perform control actions with or without human oversight or actions.
Human-out-of-the-loop – A system in which a human is not able to intervene or provide guidance to an
automatic system that has the authority to perform control actions without human oversight or actions.
Simplified Vehicle Operations (SVO) – Flight systems, interfaces, operations, and training that provide
assistance to a human pilot or operator to reduce the complexity of aviating, navigating and performing other
flight-related tasks while increasing safety.
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1.0 Introduction
Aviation innovation is born by integrating the best technologies of the day in a thoughtful manner to enable
safer and more capable aircraft. In the early 1900’s this meant gaining an understanding of aerodynamics, new
lightweight piston engines and efficient propellers. Early vehicles lacked good aerodynamic stability, control was
marginal, and flight was only possible at the hands of highly skilled and capable pilots. If pilots survived their
initial training and operations, there was a growing number of aircraft they could fly for years to come. But the
mortality rate of early piloting was unacceptably high. Over the next half-century, an increased understanding of
aerodynamics and mechanical flight controls enabled designs that allowed for new pilots to master basic
airmanship in hours.
WWII was a turning point for aviation. Propulsion advances allowed for improvements in the speed, range,
ceiling, load carrying capability, and reliability. Through the 1950’s new technologies like radio broadcast and
electronics evolved and enabled aircraft to quickly grow into passenger and cargo carrying roles. By the late
1950’s, powerful turbine engines, new construction techniques, and hydraulic flight control systems allowed the
jet to come into its own at the end of the last century.
Between what we consider the modern jet age and today, a revolution in electronics, memory, and battery
capabilities has occurred. Consumer electronics and the internet fueled revolutionary new technologies and
capabilities that will accelerate into the 2020’s and beyond. This revolution allowed for self-stabilized “toy”
aircraft that anyone could fly; and these toys grew into drones with significant commercial utility.
Today’s aviation system continues to evolve with powerful aviation grade technology as micro and nanoelectronics are enabling reliable and redundant systems that can execute complex tasks previously only
available to the military or large transport aircraft.
As the aviation community continues to field new designs, regulators need to be open to new opportunities
such as the following –
•

A holistic view of aircraft safety that combines vehicle reliability alongside real-world pilot performance;
new aircraft designs with increased automation should include functions which don’t fail back to the
pilot, but which have a degree of redundancy so in failure, the pilot’s workload is not increased.

•

Aircraft which include full-authority systems that allow a new generation of pilots to focus on higherlevel tasks such as decision making and communications while the vehicle stability and control interfaces
offer greater ease of operation.

•

Achieving a total level of safety in both private and commercial operations of SVO equipped aircraft
which exceeds that for CS/part 23/27 aircraft today by shifting some of the traditional pilot functions
onto the aircraft.

•

Safety and utility benefit from complexity as a result of automated functions which are beyond those
that a human could manage with mechanical controls (controlling a dozen distributed propulsion
sources for example) but which might require very little direct pilot interaction, even in failure modes.
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The pilot of tomorrow will be different from the pilot of yesterday or even today. Historically, pilots have
served as defensive barriers against automation failures. This has served our industry well to date but
going forward we need to better integrate the pilot with an ever-increasing level of automation, with
the end-goal of reducing aircraft accidents.

Section 2 of this report discusses how control schemes for SVO aircraft can be significantly different than those
on conventional airplanes and rotorcraft.
Section 3 provides the baseline for the aircraft discussed in this report. The variations available with electric
propulsion and computerized flight control systems are too numerous to address in this report. The Vertical
Flight Society’s web page shows about 200 aircraft currently under some level of development. For the purposes
of this report, the FLC selected three configurations that we believe reflect the broadest range of common flight
control schemes and operations.
Section 4 discusses FAA airman certification and qualification processes, providing certification and qualification
recommendations for both existing and new pilots in SVO-equipped aircraft, including eVTOL.
Section 5 focuses predominately on the FAA operational standards, with the understanding there are many
similarities between FAA and EASA standards and/or approaches and that commonality should extent to other
Civil Aviation Authorities (CAAs).
Section 6 outlines International Civil Aviation Organization (ICAO) Standards and Recommended Practices
(SARPs) as relevant to pilot licensing and certification.
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2.0 Control Schemes and Pilot Interfaces for SVO
There are numerous OEMs developing different types of aircraft with SVO principles and Fly-By-Wire (FBW)
systems. There are also companies developing technology to retrofit existing conventional aircraft with SVO and
FBW systems. While FBW flight control systems have been in use for over 50 years, the range of possible flight
control and pilot inceptor schemes is relatively novel for Vertical Takeoff and Landing (VTOL) aircraft. Prior to
the advent of Distributed Electric Propulsion, there were very limited numbers and types of vehicles that could
takeoff or land vertically and these vehicles required additional specialized training. The adaptability of
Advanced Flight Control Systems (AFCS) coupled with SVO principles means that aircraft of varying dimensions
and performance can have very similar aircraft control responses from pilot inputs. It is anticipated that a
majority of eVTOL OEMs will take advantage of SVO technology.
Pilot workload and cognitive failures in these vehicles will be significantly reduced by the AFCS and software
algorithms that automatically control motors and aerodynamic surface settings when the pilot makes on
demand inputs through the simplified control systems. To enhance safety further, most aircraft will have
automated attitude stabilization, altitude control, enhanced flight path accuracy and hover stabilization using
GPS/GNSS data that may allow the pilot to fly hands free.
The pilot needs to be able to command the following parameters, but may not have direct control over:
•
•
•
•

Speed command – independent of power control
Pitch axis (accelerate / decelerate) or (climb / descend) – may depend on phase of flight
Roll axis (heading / rate of turn)
Yaw axis (heading / rate of turn)

Cockpit controls may be reduced to as little as one single control stick, covering control of all three axis and an
additional input for altitude command (e.g. thumb wheel).
Further control schemes may consider one control stick and an additional control device. Configuration of the
additional control may be connected to functions of either flight speed or altitude control.
In either case, cockpit control schemes for VTOL aircraft will most likely differ from existing aircraft cockpits due
to the support of an AFCS. While changes to intuitive and well-established control behavior of existing aircraft
(e.g. stick left results in roll left, stick back results in pitch up) should be kept to a minimum, an individual
assessment for VTOL aircraft is recommended as these kinds of aircraft may train a completely new generation
of pilots, who must be provided with the most suitable control setting regardless of legacy control schemes.
As a comparison to the SVO schemes described above, traditional rotorcraft controls consist of a collective
control stick (altitude control), a cyclic control stick (pitch and roll control), and pedals (yaw control). This
requires a pilot to make use of all extremities resulting in a high workload and complex action for maneuvering.
Without additional systems like an autopilot installed, pilots are required to maintain all of the control
parameters manually and to counteract external disturbances. As with VTOL aircraft, Pilot workload in
conventional rotorcraft would be significantly reduced by the AFCS and software algorithms that automatically
control all axis of flight and power settings when the pilot makes on demand inputs through the simplified
12 | P a g e
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control systems. Conventional rotorcraft can be retrofitted with SVO and FBW systems to allow for automatic
autorotation, automated attitude stabilization, altitude control, enhanced flight path accuracy and hover
stabilization using GPS/GNSS data that allow the pilot to remain hands free.
SVO aircraft may also introduce new display concepts which provide better vehicle state information so pilots
can have a more accurate depiction of when flight regimes or modes should occur during a given flight. New
display concepts will simplify operations in all-weather conditions without the need for extensive training.
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3.0 Baseline Aircraft Considered by this Report
Several example aircraft were considered by the authors of this report to properly account for the breadth of
vehicles which might incorporate Simplified Vehicle Operations (SVO). These vehicles range from multi-copters,
eVTOLs which transition to wing-borne flight, and conventional aircraft.

3.1 Vectored-Thrust eVTOLs
3.1.1 Joby S4

Joby Aviation’s S4 is an aircraft designed for urban air mobility. The Joby aircraft will be Type Certificated as an
airplane with VTOL capability. It is a piloted, electric aircraft that is equipped with an SVO pilot interface, using
the same unified flight control logic as the F-35. This Advanced Flight Control Systems (AFCS) makes the Joby
airplane very easy to fly and extremely error tolerant. With a capacity of four passengers, the Joby aircraft has
six propellers, a range of 150 miles and can fly up to 200 miles per hour.
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3.1.2 Lilium Jet

The Lilium Jet is a rigid wing aircraft, fitted with 36 electric engines, enclosed in 12 flaps, each with three
engines, providing distributed electric propulsion for both vertically and horizontally flight. The Lilium Jet is
piloted and controlled using an SVO interface, incorporating fly by wire and semi-automated elements. With a
capacity of four passengers, the Lilium Jet has a range of 185 miles and can fly up to 185 miles per hour.
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3.2 Multi-copter eVTOLs
Multicopter designs include aircraft with distributed propellers or rotors which are rigidly mounted in the
vertical axis. These designs typically control the aircraft using changes in the RPM of specific locations which can
allow for pitch, roll or yaw changes. These designs do not include traditional cyclic control as a helicopter, or a
traditional powered lift aircraft would.

3.2.1 Alaka’i Skai

The Skai is a hydrogen fuel cell powered multicopter. Skai uses six electric motors with built-in redundancy,
holds five passengers (1 pilot and 4 passengers) or a maximum of 1,000 lb (454 kg), flies at 118 mph (190 kmh),
flies for over four hours, has about a 400 mile range (possibly more) and has an emergency parachute for safety.
It can refuel in about 10 minutes. The byproduct of hydrogen fuel is heat and water and so the fuel cell is much
more efficient than a combustion engine. The vehicle can be used an air taxi, personal air vehicle, cargo delivery,
and more.
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3.2.2 Volocopter VoloCity

The Volocopter VoloCity is an electrically powered multicopter that is designed in accordance with EASA’s
Special Condition SC-VTOL and will be certified to the category “Enhanced” for commercial air transport.
Designed as a 2-seat aircraft, it will initially fly with one pilot and one passenger, while development to an
increasing level of automation, targeting towards autonomous flight and 2-passenger-operation is aimed for in a
second step. It uses an overall of 18 evenly distributed rotors for maximum efficiency and low noise generation.
Batteries will always be swapped after flight and recharged outside the aircraft to reduce turn-around times to a
minimum. The VoloCity has a calculated range of 35 km and airspeed of 110 km per hour. It is designed to serve
as an inner-city on-demand air taxi and may also be used to satisfy touristic routes.
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3.3 Conventional Takeoff and Landing (CTOL) Airplane
3.3.1 Eviation Alice

The Alice is a conventional takeoff and landing electric airplane designed for scheduled and on-demand
operations. It uses three 260kW electric engines located on the wing tips and tail to provide propulsion. The
Alice will have a range of up to 650 miles at a cruise speed of 240 knots. The Alice is also planned to include an
SVO pilot interface to the AFSC, where the pilot will not have direct control of each engine or flight control
system.

3.4 Powered Lift
The history of powered lift goes back to the 1960’s. Research and efforts to build a new category started in late
1970’s into the 1980’s with several attempts to create certification standards in the 1980’s. This work focused
on aircraft like the V-22, but there was an attempt made in the documentation to expand this category into
other VTOL configurations that research had identified. The work also focused on transport category powered
lift because gas engine technology drove larger designs. The only successful change made to the FAA documents
were in the mid-1990’s, when FAA created a new definition in 14 CFR Part 1 for aircraft they termed Powered
Lift. Included with this rulemaking effort was the addition of powered lift to Part 61, as a new category.
Unfortunately, the necessary work to add Powered Lift to the operations and certification rules was not
completed. This report acknowledges this definition, but offers that the work related to powered lift did not
envision AFCS that allows for SVO pilot interfaces and distributed electric propulsion, providing for new levels of
simplicity and redundancy, in new generation rotorcraft and airplanes with VTOL capability.
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4.0 Pilot Certification, Training, and Qualifications Aircraft Equipped for SVO
The initial versions of SVO-equipped and eVTOL aircraft are anticipated to have a pilot onboard. This person will
need to possess a pilot certificate or license with appropriate ratings in order to act as Pilot-in-Command of the
aircraft for either private or commercial operations. If an SVO-equipped and/or eVTOL aircraft is not certificated
by the FAA in one of the traditional categories and classes, then manufacturers will need to collaborate with the
FAA to establish an airman certification basis for these aircraft. Further, many traditional pilot training
maneuvers specified in the existing training requirements simply can’t be performed with these systems so
manufacturers must work with the FAA to determine appropriate pilot training skill requirements.
As stated in Section 1, this report is FAA-centric but it is expected many common areas overlap with other civil
aviation authorities. This section lays out existing relevant regulatory framework, identifies SVO-specific
knowledge areas and skills, and provides pathways for qualifying existing pilots and new pilots to operate
SVO/eVTOL aircraft.

4.1 Overview of Pilot Certification System
The FAA airman certification process is governed by 14 Code of Federal Regulations (CFR) Part 61. This part
prescribes the eligibility, aeronautical knowledge, flight proficiency, and aeronautical experience requirements
for each grade, category, and class of certificate.
The following elements are part of the pilot certification system:
•

Regulations - The regulations establish basic requirements.

•

Policy and Guidance – Pilot training doctrine is contained in FAA handbooks, advisory circulars (AC), and
other publications and provides “how to” guidance for numerous aeronautical operations, maneuvers,
and procedures.

•

Standards – The standards for issuance of pilot certificates are now mostly contained in the new
integrated and holistic Airman Certification Standards (ACS) for the specific grade, category, and class of
aircraft.

•

Testing – The FAA develops and oversees a computer-based knowledge testing system and a parallel
system of practical tests for airman certificates, based on the corresponding ACS.

•

Curriculum – Pilot training curricula is developed by manufacturers and training entities, not the FAA.

4.1.1 Regulations
SVO-equipped aircraft may not conform to an existing pilot category and class rating; however, there are
sections in Part 61 that may enable manufacturers to collaborate with FAA to establish an alternate pilot
certification pathway for these aircraft, without requiring further FAA rulemaking.
These sections may enable FAA to implement the FLC’s recommendations without new rulemaking efforts by
including a limitation in the AFM and/or issuance of an aircraft type rating without category and class ratings:
•

Section 91.9(a) requires all operators to comply with the limitations section of the AFM.

19 | P a g e

TRANSITIONING TO ELECTRIC VERTICAL TAKEOFF AND LANDING (EVTOL) AND OTHER
AIRCRAFT EQUIPPED FOR SIMPLIFIED VEHICLE OPERATIONS (SVO)

Version 1.1

•

Section 61.5(a) specifies the grades of pilot certificate (i.e. private, commercial, airline transport) that
the FAA issues. Section 61.5(b) lists the category and class ratings (i.e. airplane single-engine land,
rotorcraft-helicopter, powered lift) that FAA issues.

•

Section 61.5(b)(7) specifies that aircraft type ratings are issued for large aircraft (over 12,500 pounds
gross weight) and turbojet-powered airplanes. In addition, Section 61.5(b)(7)(iii) specifies that this
authority includes “Other aircraft type ratings specified by the Administrator through the aircraft type
certification procedures.” Section 61.31(a)(3) also specifies that the Pilot-in-Command must hold a type
rating for these aircraft. Type ratings are discussed further below.

•

Section 61.31(h). The FAA has further authority under the regulations to prescribe type-specific training.
Section 61.31(h) states that no person may serve as pilot-in-command of an aircraft that the
Administrator has determined requires aircraft type-specific training … unless that person has received
such training and received an endorsement from an authorized instructor. ”

Type specific training is designated after the FAA convenes a Flight Standardization Board (FSB) to evaluate the
new or derivative aircraft model to determine whether there are unique handling, performance, or other
characteristics that require special or additional pilot training. The requirements for such training are prescribed
in the FSB report and become required training items for all type rating practical tests in that aircraft model. An
SVO-equipped aircraft may not align with the aforementioned category and class rating scheme specified in 14
CFR Part 61; therefore, the following sections discuss how to approach pilot training for SVO-equipped aircraft.
Manufacturers must consider each element in the current airman certification process and how to create an
airman training and assessment process that would apply to all operators and pilots of their eVTOL aircraft. This
would likely need industry to develop and propose an alternative guidance document.
It is the desire of all OEMs that EASA and FAA take a similar approach to these issues. This report may be
updated to reflect new information contained in EASA’s draft requirements for pilot licensing and operations for
eVTOL aircraft, expected in early 2020.
Recommendation: Immediate Term 3 - Civil Aviation Authorities, where possible, should to
improve the rate and quality of harmonization. Much of this document is based on FAA
regulations; however, the overall considerations affect all relevant authorities. (EASA is planning
to start rulemaking for pilot training and operations this year).

4.1.2 Policy and Guidance
Pilot training doctrine and guidance material explain the “why” and the “how” of the process. For traditional
aircraft categories and classes, this material is typically in official FAA handbooks, such as the Airplane Flying
Handbook and the Helicopter Flying Handbook. These documents provide the official (i.e. acceptable) means for
accomplishing the objectives and tasks in the ACS.
When an SVO-equipped aircraft is certificated by the FAA, it will come with an FAA approved Aircraft Flight
Manual (AFM). The AFM will cover basic operating procedures for the SVO characteristics, but it is not likely that
FAA will accept it as the sole repository of guidance on how to operate that aircraft. Manufacturers will need to
literally “write the book” on how to operate and fly their aircraft. This may confer advantages to manufacturers
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if other vehicles enter the market later with similar systems, operating characteristics, and performance. If a
manufacturer is first to enter the market with this class of vehicle, then the FAA will be likely to refer to the
manufacturer’s “how to” guidance in setting the official standards for this vehicle class. If the FAA requests
industry to develop consensus standards on how to operate this class of vehicles, then manufacturers will again
have the chance to lead and influence this effort.

4.1.3 Standards
The Airman Certification Standard (ACS) were created to replace the previous practical test standards (PTS) that
were issued for all grades of airman certificates. As of June 28, 2019, ACS documents have been issued for
private, commercial, and airline transport pilot certificates for airplanes, as well as instrument ratings. So far,
these ACS documents have only been issued for the airplane category and class ratings. Rotorcraft ACS
documents are currently being developed and ultimately other categories of aircraft will also be covered by the
ACS.
The ACS differs from the PTS in several areas, resulting in a much more comprehensive and integrated system of
standards for airman testing and indirectly for airman training. Both standards address the skill objectives and
tasks required for the airman practical test, although the ACS requirements now provide more specificity than
did the PTS. Unlike the PTS, however, the ACS also specifies the knowledge requirements that pilots must meet
for each task and objective. Previously, the airman knowledge test system was only indirectly connected with
the practical test system.
Of equal significance, the ACS also specify risk management standards for each task and objective on the
practical test. Risk management was not tested in the PTS requirements, although there is considerable
evidence that poor risk management is a leading root cause of fatal accidents in general aviation. Collectively,
the integrated standards for skill, knowledge, and risk management covered in each ACS document are designed
to replace the previous system of PTS and independent airman knowledge testing.
No currently published or draft ACS material adequately accommodates SVO-equipped aircraft.
To the extent that SVO-equipped aircraft do not replicate existing categories and classes of aircraft,
manufacturers will need to collaborate with FAA to create the equivalent of an ACS document to specify the
standards for completing all operations, procedures, tasks, and maneuvers necessary to operate their aircraft.
This information will need to be accepted by FAA as part of the airman certification basis for these aircraft.
[check to see if this is addressed in similar recommendations]
The FLC developed a general outline for “Areas of Operation” and the respective tasks relevant to each area for
SVO-equipped aircraft by surveying the existing ACS (including the draft powered lift ACS). These are common
tasks and skills knowledge needed for all SVO aircraft. (See Sections 3.2 and 3.3.)

4.1.4 Testing
As part of their collaboration with the FAA on airman certification, manufacturers will need to help FAA establish
airman testing requirements. These include both knowledge and practical tests. If an SVO-equipped aircraft is
certificated by the FAA outside the existing categories and classes of aircraft, then there will not be an
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established knowledge test or ACS for the practical test. The significance of this issue will depend on whether
the pilot candidate already has powered aircraft ratings on their pilot certificate.
Virtually all FAA knowledge and practical testing is accomplished by FAA-appointed designees. These designated
pilot examiners (DPEs) represent the FAA with respect to testing, and pilot examiner, training center evaluators
(TCE), and other designees for the practical tests can also issue temporary airman certificates.
It is possible for the FAA to designate manufacturer employees as pilot examiners or, if the manufacturer also
holds a Part 142 training center air agency certificate, to designate employees of that entity as TCEs. The FAA
would also designate TCEs for independent Part 142 training centers who conduct training for aircraft requiring
a type rating.
The FAA will designate by letter certain company pilots to act as Pilot-in-Command, since no pilots will be
qualified in the aircraft, and to instruct in the aircraft. The FAA can authorize this under Section 61.31(b) and will
likely have previously used this authority to authorize company test pilots to operate the aircraft before it has
been certificated. FSB members convening to evaluate the aircraft will complete the training program developed
by the company and taught by the manufacturer’s instructors who have letters of authorization. The FAA FSB
members will then administer any evaluations to each other and then to the company instructors, who will
become the cadre of instructors who can then begin training others for the aircraft.
Following completion of the FSB, the FAA will, in most cases, administer all practical tests until they determine
that the training program is effective. At some point, and as training volume increases, the FAA will begin
appointing designated pilot examiners and training center evaluators to conduct most practical tests for the new
aircraft.
Most testing is conducted for “standard” aircraft categories such as airplane, rotorcraft-helicopter, single-engine
land or sea and other categories and classes. When manufacturers introduce a new category or class of aircraft,
the FAA may consider the development and issuance of new category and class ratings. These actions are
historically rare, and the last such actions resulted in the creation of powered-lift, powered parachute, and
weight-shift-control aircraft categories. These additions, and any future additions, involve multi-year FAA
regulatory change projects, and are not a recommended path for eVTOL or other SVO-equipped aircraft.

4.1.5 Curriculum
Pilot training curricula typically includes all resources necessary to conduct training. Additionally, the curricula
specify all the details of the pilot training process. Curricula development is the responsibility of manufacturers,
pilot schools, training centers, and individual instructors, rather than the FAA. Consequently, manufacturers
have an important obligation, and an opportunity, to influence SVO equipped aircraft training is accomplished
by leading the development of curricula.
In practice, most flight training activity is driven by the FAA testing standards (i.e. the ACS). For aircraft requiring
a type rating, initial and recurrent training is most often accomplished at training centers certificated by FAA
under 14 CFR Part 142. These centers conduct training in accordance with standardized curricula designed to
enable pilots to pass the practical test specified in the Airline Transport Pilot and Type Rating ACS. These centers
also use state-of-the-art full motion simulators and other training devices that vastly increase the effectiveness
and efficiency of training.
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Because of the nature of eVTOL aircraft, and the technology that they incorporate, the use of simulation will be
appropriate for training pilots in these aircraft. The FAA’s simulator approval standards are governed by 14 CFR
Part 60. This regulation does not currently provide for devices that replicate eVTOL aircraft or their operating
environment. Accordingly, the FAA and EASA should consider the rapid development of standards for these
devices.
Manufacturers are responsible for the development of training standards and the conduct of training, especially
in initial implementation phases of new aircraft.
There are several means for manufacturers to control or influence the quality of training in their SVO equipped
aircraft, depending on the company’s business model, marketing and branding objectives. If manufacturers wish
to incorporate training as part of their brand, then the manufacturers might want to create and operate the
training process and program internally, in whole or in part. In this scenario, certain training program elements,
such as simulator development, could be outsourced, but the training program would be branded as the
manufacturer’s program and become a part of its core business.
On the other hand, manufacturers may decide that training is not part of their core business and elect to
outsource the entire program. However, as with the previous option, manufacturers could choose to retain key
elements of responsibility for the training program, such as curriculum approval for programs developed by
vendors such as Part 142 simulator training centers.
Third-party training will likely develop after significant numbers of SVO equipped aircraft enter the fleet. This
step is inevitable since manufacturers cannot create, and FAA cannot mandate, a monopoly training provider
environment. There is a way, however, under which manufacturers can collaborate with FAA to ensure that
training providers comply with at least a minimum standard of training. This could be accomplished by including
a training requirement in Section 2 (limitations) of the SVO equipped aircraft AFM.
Note - This approach was pioneered by Eclipse Aviation during the certification of the Eclipse 500. The following
language from Section 2 of the Eclipse 500 AFM illustrates this concept:
Minimum Flight Crew Training Requirements
All pilots operating the Eclipse Aviation EA500 must be trained and qualified in accordance with
the FAA Accepted/Approved Eclipse Aviation training program or equivalent FAA Approved
training program.
This provision does not prohibit third-party training, but its intent is to ensure that all training providers comply
with the training philosophy and requirements developed by the manufacturer or its authorized factory training
provider.
Recommendation: Immediate Term 4 - Regulators should shape policy and, if necessary, regulations
to rely more heavily on simulation systems and modern training concepts for SVO controlled aircraft
because:
a. Highly software defined designs align well with simulation training
b. Simulator costs and effectiveness has matured to where even aviation training devices
(ATDs) can be very effective
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c. Traditional control feel or inceptor feedback issues and mimicking mechanical systems
aren’t as present on SVO aircraft
d. Electric aircraft will initially have short flight times, because of current battery energy
density limitations, making actual flight time for training difficult for operators to generate.
Recommendation: Immediate Term 5 - The authorities should work with industry to develop
minimum standards for SVO-equipped aircraft simulators, aviation training devices (ATD), and
emerging smart devices.

4.2 SVO-Specific Knowledge Areas and Skills
Many of the knowledge areas and skills listed for categories and classes of aircraft are not applicable to the
anticipated SVO-equipped aircraft. Examples of this include –
1. Demonstrating the skill of accelerating to and maintaining a specific climb speed. A pilot traditionally has
to fly a specific speed and power to get POH/AFM climb performance. SVO-equipped aircraft may allow
direct control over rate of climb.
2. Demonstrating the skills associated with OEI on multi-engine aircraft. Vmc and shutting down the failed
engine, if applicable, may be controlled directly by the flight control computer and the pilot only has
control over flight path and performance.
3. Demonstrating the understanding and skills for engine starts. Complexity associated with piston and
turbine engines is eliminated with electric engines.
4. Demonstrating the skills associated with crosswind landings. The pilot can only control flight path and
climb/descent performance. SVO-equipped aircraft rely on the flight control system to correct for the
crosswind conditions. There will be crosswind limits on the flight control system that pilots will have to
aware of either by training or by system annunciation/interaction with pilot. This is why the concept of
human-on-the-loop is encouraged for SVO-equipped aircraft.
5. Demonstrating the skills associated with slow flight and stalls. SVO-equipped are anticipated to be
designed so that they cannot stall. A pilot simply commands slow speed and flight path.
6. Demonstrating the skills associated with autorotation in a rotorcraft. Traditional rotorcraft that are
retrofitted with SVO are expected to be designed with automated autorotation capabilities.
The FAA recently published several Airmen Certification Standards (ACS) for fixed wing airmen in order to
communicate the aeronautical knowledge, risk management, and flight proficiency standards required for
various certifications.
For example, the current commercial fixed wing airplane ACS addresses 11 areas of operation arranged in logical
sequence with supporting tasks for each area. These areas are:
1. Preflight Preparation
2. Pre-Flight Procedures
3. Airplane and Seaplane Base Operations
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4. Takeoffs, Landings, and Go Arounds
5. Performance and Ground Reference Maneuvers
6. Navigation
7. Slow Flight and Stalls
8. High Altitude Operations
9. Emergency Operations
10. Multiengine Operations
11. Postflight Procedures
Based on the inherent differences of eVTOL aircraft with SVO principles it is recommended that a twelfth area
be added to address the vertical operational aspect of these vehicles. The twelfth area would be called Vertical
Operations and would address these recommended sub tasks:
12. Vertical Operations
a. Steep Approach
b. Slope Operations
c. Confined Area Operations
d. Pinnacle/Platform Operations
e. Hover/Low Speed Flight
f.

Power failure at a Hover

g. Power failure at Altitude
h. Settling with Power
Recommendation: Near Term 3 - A twelfth area, based on the inherent differences of SVOequipped aircraft, should be added to fixed wing training in the Airman Certification Standards
(ACS) to address the vertical operational aspect of these vehicles. The twelfth area would be
called Vertical Operations and would address nine recommended sub tasks.

4.3 Transition from Traditional Aircraft to eVTOL and SVO-Equipped Aircraft - Current Fixed or
Rotary Wing Pilots
The first pilots to operate eVTOL and SVO-equipped aircraft are very likely to be current fixed or rotary wing
certificated airmen.
Airmen already holding a private or commercial airman certificate should not be required to take and pass a
knowledge test to obtain an endorsement or a type rating in the eVTOL aircraft.
Instead, a manufacturer may require aircraft-specific training in the AFM, in accordance with AC 61.137B,
Approval of Manufacturer’s Required Training Programs. AC 61-137B outlines a method of complying with this
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program. The main body of the AC describes the background and general requirements while Appendix 1 of the
AC outlines the required training for the Eclipse 500. If other manufacturers elect to use such a requirement,
then the FAA would likely add another appendix to the AC for that aircraft model. Additional precedent for
training required through AFM limitations exists with the Cessna Caravan 208 (Appendix C).
The manufacturers of these aircraft will need to collaborate with the FAA and other CAAs to establish
appropriate AFM training limitations for certificated fixed wing pilots to transition to their eVTOL aircraft.
Recommendation: Immediate 6 - The regulators should utilize model specific training and
evaluation mandated through TC or AFM limitations to safely and efficiently transition existing
private/commercial/ATP airmen into SVO-equipped aircraft (including eVTOL).

4.4 New Pilot Training in SVO Aircraft
At some point some pilots may be trained and certificated only in one or more SVO equipped aircraft – not in
any traditional aircraft. Although Part 61 allows FAA to confer category and class ratings, it doesn’t necessarily
require them, as outlined in 3.1.1. It is possible that under current regulations FAA may issue private or
commercial pilot certificates with a type-specific limitation. These pilots would only be able to fly those specific
aircraft types for which they have a limitation. This limitation (for new, previously uncertificated pilots only)
would be required through AFM limitations.
However, 14 CFR Part 61 Subpart E (Private Pilot) and Subpart F (Commercial Pilot) contain aeronautical
knowledge, flight proficiency, and aeronautical experiences requirements inconsistent with the knowledge and
flight proficiency requirements of an SVO-equipped aircraft.
For example, current flight time requirements specified in 14 CFR 61.109 (40 hours total time, 20 hours of dual
instruction time) may be excessive for SVO-equipped aircraft and by regulation. These times can only be
reduced by 15 hours total time and 10 hours of dual instruction time and only when training is conducted by a
14 CFR Part 141 school. In resolving these challenges, authorities may benefit from the language in ICAO
because many of the requirements for pilot licensing found in Annex 1 use top level performance-based
language. Using performance-based language in exemptions might also allow for the “re-use” of the exemption
language as more of these aircraft are fielded.
Relief from the existing required training has precedent. The FAA and EASA allowed for easier to fly airplanes
such as the Cessna 337 and Ercoupe to be flown with an appropriate limitation on the airman’s certificate. A
similar approach could be used for SVO-equipped airplanes, where the pilot has an SVO limitation on their
license.
The FLC believes performance-based training and certification requirements combined with increased simulatorbased training would allow for reduced training hours under 14 CFR Part 61 or 141. This concept is already in
place for certain types of training and qualification, such as a tailwheel endorsement.
Recommendation: Long Term 2 - Regulators should leverage experience gained from transition
training and operations with the early eVTOL and other aircraft designs equipped with SVO
when developing training requirements for new pilot. This new training includes the creation of
licenses/certificates and evaluations for eVTOL and other aircraft equipped with SVO for new
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pilots. Authorities should work on a aligned concept for training using ICAO evidence-based
training approach.

4.5 Remote Pilot for SVO Aircraft
The emergence of 14 CFR Part 107 for Small Unmanned Aircraft Systems reveals that there are entirely new
knowledge areas in terms of the Part 107 rules, communication data links, and Unmanned Aircraft System
Traffic Management (UTM) or U-Space in Europe. Even the concept that remotely piloted aircraft must be
considered as a “system” with dispersed components sets the stage for emerging knowledge components
related to ground-based control stations, communications, and the infrastructure required to support these
systems. New knowledge areas for larger, faster (over 55 lbs. speeds above 100KTAS) remotely piloted aircraft
could include:
•
•

•

Navigation Contingency Planning: Demonstrating the risk management that goes along with deciding
upon and uploading a new contingency mission plan for a lost link scenario.
Communications Data Link Management: Communication modes resident in the larger unmanned
aircraft include multiple data link options that are utilized with voice communications happening in
parallel.
Emergency Situation Management: Traditional trouble shooting would be enhanced by built in checks
and automated subsystem redundancy. We have seen that even highly automated UAS still require
overall management of the emergency or abnormal situation.

Some lessons from the new Part 107 experience may benefit SVO equipment integration. Interestingly while the
overall knowledge base may increase for qualification and certification of these pilots, the demonstrable skills
required to pilot these aircraft may vary greatly. Because the tendency is for manufacturers to limit the flight
envelopes of these aircraft, entire sections of previous ACS for legacy categories of aircraft may no longer be
needed. When automation is concentrated, traditionally trained pilot skills may simply be unnecessary. We can
already see this in emerging remotely piloted large aircraft where a single pilot decision and selection sets in
motion all the actions and contingency options required to go from the approach all the way through landing
and stop the aircraft safely. A second decision and button push begins the taxi phase and the aircraft can
proceed without further pilot intervention to its parking spot. Engine shut down can be accomplished by a
maintenance technician.
Areas where skill is required for highly automated aircraft typically have to do with understanding the various
flight modes and being able to quickly ascertain what the aircraft is doing and anticipate what it will do next.
Sometimes this involves interpreting displays and being able to quickly and efficiently navigate flight
management system menus. Despite the manufacturer’s desire to automate a high degree of the aircraft
functionality, these aircraft still operate in an airspace that will accommodate all manner of aircraft. For this
reason, the traditionally required voice communications skills will persist as the pilot manages the aircraft
through increasingly busy airspace. Being able to communicate to ATC what the aircraft is doing and accepting
instructions compatible with the autonomy will be just as important as relating what instructions are
incompatible with the design of the system. For example, rate limited UAS may not be able to descend or climb

27 | P a g e

TRANSITIONING TO ELECTRIC VERTICAL TAKEOFF AND LANDING (EVTOL) AND OTHER
AIRCRAFT EQUIPPED FOR SIMPLIFIED VEHICLE OPERATIONS (SVO)

Version 1.1

at a “better rate” or fly at a faster speed due to design limitations. The pilot would be necessary to manage the
aircraft while negotiating with air traffic control for a workable solution.

4.6 Approaching Autonomy
The concept of SVO is implicitly an acknowledgement that a jump to fully autonomous operations may not be
prudent in many practical CONOPS. The SVO construct allows the automation of different pilot functions
without requiring a fully autonomous aircraft. By utilizing a functional decomposition of the pilot, training can
be focused on only those tasks that are not fully autonomous if the pilot is never relied upon to act in a
reversionary mode capacity as is common in today’s modern automated cockpits. It is critical that in the future
SVO cockpit the pilot cannot be required to step in to take control in a degraded mode operation. If the pilot is
relied upon in a reversionary mode, it is not a fully automated function and therefore it requires training and
does not constitute SVO. Furthermore, this implementation approach has already proven to create a trap for
pilots whereas they are not ready mentally to take over after a system failure.
Since this report is meant to address more of the near-term issues and recommendations, the discussion on
autonomous operations is intended to simply be a placeholder for the reader to demonstrate the long-term goal
to slowly and carefully begin to automate functions that historically required human control.
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5.0 Aircraft Operations and Pilot Qualifications Requirements
Operational approvals are required for many types of non-commercial and commercial operations. These
include operations under 14 CFR Part 91 for all aircraft and under Part 135 for most commercial operations in
the U.S. and 965/2012 for EU-OPS.
Recommendation: Near Term 4 - When existing regulatory systems do not allow for a timely
implementation of more flexible licensing schemes, a flexibility mechanism should be
considered as near-term and transitionary solution that allows enhancing legacy licenses for
airplanes or rotorcraft, as appropriate to the specific aircraft. Flexibility must allow for
interchangeability of licenses towards the later more flexible solution and vice versa for pilots
transitioning from a region where near-term transition solutions are in place. Where the SVO
equipped aircraft has differences from conventional airplanes or rotorcraft, manufacturers
should incorporate model specific training for those differences in their AFM.
Recommendation: Near Term 5 - Airplane-like eVTOL should be integrated into the existing
operational and airspace requirements with the ability to fly like an airplane and a rotorcraft,
depending on the configuration/capability (CTOL/VTOL) used for departure and/or approach.

5.1 General Operating and Flight Rules
General operating and flight rules are created to govern the operations of all aircraft in National Airspace
Systems (NAS). Commercial operations will typically have additional requirements. While this report focuses on
the pilot training and experience aspects of eVTOL and other aircraft equipped for SVO, there is too much
overlap with the operations rules to leave them out of this discussion. That said, the changes or issues
associated with SVO in operations deserves its own report, so this report only looks at a few select areas to
point out where the flight control and aircraft type may be a problem when trying to actually operate them.
The provisions of Part 91 cover operations under both visual flight rules (VFR) and instrument flight rules (IFR)
and are tailored for operations of legacy aircraft. These provisions will not necessarily inhibit operations of the
SVO-equipped and eVTOL aircraft. For example, the minimum altitude specified for aircraft in congested or
urban areas is 1000 feet above the highest obstacle within a horizontal radius of 2000 feet of the aircraft, except
when necessary for takeoff and landing. For helicopters, however, Section 91.119(d)(1) states “A helicopter may
be operated at less than the minimums … provided each person operating the helicopter complies with any
routes or altitudes specifically prescribed for helicopters by the FAA.”
This example illustrates the flexibility available in Part 91 in that it grants FAA the ability to establish helicopter
low-altitude routes without amending Part 91. The fact that many eVTOLs and other SVO aircraft will likely not
be certified as a helicopter should not be a hindrance since Part 91, Subpart J, Section 91.903(a), states that “The
Administrator may issue a … waiver authorizing … deviation from any rule listed in this subpart if … the proposed
operation can be conducted safely under the terms of … the waiver.” The Part 91 rules for which waivers can be
issued are listed in Section 91.905. This example also illustrates the necessity for manufacturers and SVOequipped and eVTOL operators to collaborate with FAA in managing low altitude airspace.
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Similar to the FAA regulations, European aviation rules differentiate between provisions pilot licenses and
aircraft type rating (EU No 1178/2011) and operational approval (EU No 965/2012). As eVTOL and other aircraft
equipped for SVO are not covered by existing aircraft categories in European aviation rules, regulators should
enable an attribution of such aircraft and derive type specific aircrew training based on manufacture’s OSD.
Furthermore, in order to enable performance-based rules for the operational approval, the experience
requirements for single pilot operations in both VFR and IFR rules should be revised based on the degree of
aircraft automation.
Manufacturers should expect to collaborate with industry groups and FAA regarding the applicability of Part 91
for SVO-equipped and eVTOL operations in general. From a regulatory perspective, the Subpart J waiver process
is likely to be a critical tool for operational approvals.

5.2 FAA Commercial Operating Rules
Unlike some recent rulemakings, such as the revised Part 23 airworthiness standards for small airplanes,
commercial operating requirements for FAA and EASA are not performance-based and instead are prescriptive.
This will present challenges for eVTOL and SVO-equipped aircraft operations.
For example, many provisions refer specifically to separate standards for airplanes and helicopters, with no
provisions for other aircraft categories. This contrasts with the FAA’s Part 61, which has provisions for FAA to
establish standards for new aircraft categories, and to the FAA’s Part 91, which has a waiver process for many of
its provisions.
FAA rulemaking may eventually be needed, however, to enable SVO-equipped and eVTOL operations under Part
135. For example, many of the flight crewmember requirements in Subpart E of Part 135 differentiate
experience and certificate requirements by either airplane or rotorcraft/helicopter. Compliance with this
requirement for many SVO-equipped and eVTOL designs would require some form of rulemaking clarification
from FAA to enable SVO-equipped and eVTOL aircraft and related designs to conduct operations under Part 135.
For this reason, type certificating and considering SVO-equipped and eVTOL aircraft as airplanes with VTOL
capability or multicopters that meet the definitions of airplane and rotorcraft, respectively, should be used for
operations and pilot training. This approach offers a near-term solution to start operations while we work
towards a long-term solution without needing a large number of exemptions.
Furthermore, for aircraft type certificated as airplanes and rotorcraft, existing pilot experience in these
categories should be applicable to SVO-equipped aircraft because many of the knowledge areas and skills are
similar.
EASA has already begun rulemaking for eVTOL commercial operations and has established Special Condition –
VTOL rules. SC-VTOL is based largely on CS-23 Amendment 5 (closely harmonized with FAA Part 23) but
considers eVTOL aircraft “special category” aircraft. EASA believes this “special category” classification will allow
greater flexibility in operational regulatory framework by allowing the agency to customize requirements to
eVTOL aircraft, rather than meeting airplane or helicopter requirements.
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The FLC believes this approach would be overly burdensome and cumbersome to the FAA, as new rulemaking to
address a completely new aircraft category in operational rules would require many years and significant
additional resources.

5.3 Pilot Training Requirements and Guidance for Commercial Operations
For the FAA, there are several issues related to Part 135 airmen and personnel qualifications and training to be
resolved or clarified, including initial qualifications; Part 135 training requirements; Part 135 instructor and
check airmen qualifications and requirements; and simulator requirements. See Appendix A for detailed
regulations and guidance references.
The current training requirements for commercial operations should be considered for amendment, as required,
to address SVO-equipped aircraft. Furthermore, non-regulatory guidance will need to be revised for SVOequipped aircraft. Both authorities use substantial guidance in the form of AMCs, ACs, orders, etc.

5.4 FAA Parts 110 and 119
The FAA’s Part 110 contains general requirements including commercial operations. Part 119 of the regulations
specifies the air carrier or air operator rules under which air carrier (common carriage) commercial operations
and non-common carriage can be conducted.
§119.69 “Management personnel required for operations conducted under part 135 of this chapter” and
§119.71 “Management personnel: Qualifications for operations conducted under Part 135 of this chapter”
outline requirements for Part 135 management personnel. The current requirements for maintenance
management personnel require experience in category and class of the aircraft being used in their commercial
operation and require the Chief Pilot be qualified to fly at least one aircraft type on the certificate. For the new
SVO-equipped VTOL aircraft, this experience will be difficult to obtain. A pilot experience worksheet in the FAA
system allows credit for experience in other category and class aircraft. This worksheet may need updated to
address SVO-equipped VTOL and other aircraft.

5.5 EASA AIR OPS per Regulation (EU) No 965/2012 with Amendments
EASA has actively started to generate an operational environment that is tailored to the specific needs of these
new kinds of vehicles by generating a dedicated OPS Annex covering VTOL operations. EASA approach is
explicitly considering eVTOL aircraft to be equipped for SVO and expects the projects to rapidly evolve towards
unmanned operation. Consequently, the new operational regime is set up to be the lowest entry level towards
unmanned operations.
The related rulemaking task RMT.0230 follows a stringent timeline that is governed by the ICAO mandate to
implement unmanned operations and is therefore expected to come to a rapid conclusion. Once the formal
rulemaking process is started, EASA basic regulation already allows to utilize the upcoming language on the basis
of flexibility provisions, without bigger effort. This mechanism allows for a rapid introduction of the Operations
landscape in order to make use of the related efficiencies.
EASA rulemaking task RMT.0230 covers the full range of aspects that is necessary to enable the operation of
eVTOL aircraft. The task will be split into three phases, whereas step one covers UAS and eVTOL operation on
pre-defined routes (marked as “NPA#1) within the figure below, non-predefined routes operations following
next (“A-NPA”), Unmanned airliner operations CAT-PAX, SPO and corporate / Private third (“NPA#2”)
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Operations framework will be defined through a set of horizontal and vertical amendments of the existing
regulations, as is shown below. In the scheme, Sections “CU” relate to the Control Unit of an unmanned vehicle
and are of secondary interest with respect to the SVO scope of this paper. New Annex IX to EU-OPS is intended
to explicitly cover operations of eVTOL aircraft.
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The overall operational concept has three types of operations in view:
•

Operations type #1 – international unmanned IFR cargo operation, falling into the scope of ICAO’s work
on UAS.

•

Operations type #2 – unmanned ASBA (“Automation System Based Aircraft”) operation taking off and/or
landing in congested (e.g. urban) environment using pre-defined routes in volume of airspaces where Uspace services are provided (part of the flight could be in non-congested (e.g. rural) environment). This
is expected to be the next evolution of eVTOL use.

•

Operations type #3 – same as Operation type #2 with manned ASBA, including operations in airspace
where U-space service is not available. eVTOL operations is expected to take place first in this regime.

In line with these three categories, licensing is planned to use the scheme shown below. While IRPL (ICAO
international IFR Annex 1 remote pilot license) is based upon ICAO guidelines for Type #1 operations, for Type
#2 and #3 operations the new APL - Automation system-based aircraft Pilot License shall be established, not
differentiating between CTOL, VTOL or powered lift aircraft.
The related APL framework has the following objectives:
a. To foster standardization and harmonization of licensing requirements for pilots in order to facilitate the
operation of UAS in a safe manner in the airspace;
b. To ensure an acceptable safe level and adequate competency of any pilot involved in the operation of
manned/unmanned (automated) aircraft systems;
c. To establish requirements for the introduction of a license for pilots involved in the operation of
manned/unmanned (automated) aircraft systems;
d. To develop, based on the level of automation and type of operation, tailored competency-based initial
training and bridging courses, and associated assessments for pilots involved in the operation of
manned/unmanned ASBA;
e. To ensure that pilots involved in the operation of manned/unmanned ASBA conduct training at either an
approved training organization (ATO) in conjunction with an UA operator certificate holder (or CU
approval holder) or solely at an UA operator certificate holder (or CU approval holder), as appropriate.
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The qualification approach is considering that legacy pilot training concepts are rather rigid and do not
consequently react to the actual competency level of the candidate. It has been understood that adopting the
ICAO CBT approach for training of pilots for such a novel kind of operation is a significant enabling factor. The
related theoretical training (TK) concept is sketched out as shown below.

The training syllabus is prepared by the aircraft manufacturer, complies with minimum syllabus for pilot type
rating according regulation (EU) 2018/1139, and is provided as part of the Operational Suitability Data and
approved by the authority. Dependent on manned or unmanned operation, a medical certificate class 2 or 3
must be held. Due to the competency-based approach, experience from existing licenses is immediately
considered. Conduct of the basic theoretical knowledge training may be done either at an ATO or at an operator
followed by an examination by the competent authority. Type specific training may also be conducted either at
an ATO or at an operator.
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Depending on the level of automation, the pilot is then expected to either obtain a class rating, or a type rating
for the individual product. This concept is reflecting on one side the novelty and expected variety of the eVTOL
products, crediting the positive effects of SVO and automation.

As visible from this very brief summary, EASA is offering a consistent approach and is well under way to realize
the required and reliable framework to enable eVTOL and SVO operation, reaching out to all aspects affecting
operations. The path chosen is streamlined to facilitate development towards higher levels of automation,
ultimately autonomy, in one consistent approach. As such, the related rulemaking activity will include
amendments to:
•

Regulation (EU) 748/2012 (Part-21)

•

Regulation (EU) 1321/2014 (continuing airworthiness) and creation of a new delegated regulation for
the maintenance organization, training and licensing involved in UAS

•

Regulation (EU) 1178/2012 (Air crew)

•

Regulation (EU) 965/2012 (Air ops)

•

Regulation (EU)139/2014 (Aerodrome)

•

Regulation (EU) 923/2012 (SERA)

•

Commission Implementing Regulation (EU) 2017/373, if considered necessary.

This goes along with further rulemaking tasks to complete the picture:
•

RMT.0255: ‘Review of Part-66’

•

RMT.0544: ‘Review of Part-147’

•

RMT.0731: “Electric and Hybrid Propulsion”

The timeline behind this approach expects the NPA to be issued by Q4/2020, allowing for a three-month public
consultation, and leading to an opinion one year later. With the afore mentioned flexibility provisions of the
revised EASA Basic Regulation in place implementation of this framework may be prototyped even before the
RMT concludes with its formal Opinion.
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Recommendation: Near Term 6 - The industry appreciates the efforts EASA is undertaking to
enable UAM operators to start operations in a near-term future that meets the aggressive
timelines of these projects. As UAM is considered to become a global business, the overall
concept should be aligned to the highest possible levels between all relevant Aviation
Authorities to reduce parallel efforts, to enable a level playing field, and to foster transparency
for all operators between the individual markets.

5.6 Exemptions
Two recent FAA exemptions granted to Wing and UPS are related to UAS commercial operations and provide
insight into how SVO-equipped VTOL and other aircraft might conduct operations. Applicable examples are
included below:
The Wing exemption talks to who or what makes up the PIC. In Wing’s operations, a PIC, visual observer, and
nest manager split duties typically assigned to the PIC. For example, the visual observer scans airspace for other
traffic and hazards. The nest manager conducts preflight inspection and some other duties.
The FAA granted relief to Wing from the PIC flight time requirements of 135.243(b)(2), which requires at least
500 hours of time as a pilot including at least 100 hours of cross-country flight time, of which at least 25 hours
were at night. The proposed PIC of Wing’s operation accumulated approximately 80 hours of flight time in
approximately 2,000 flights. The FAA authorized this pilot to serve as PIC and also Chief Pilot, even though the
proposed pilot did not have enough airplane flight experience to meet 135.243(b)(2). While it’s difficult to
imagine the FAA waiving those requirements to this degree for initial SVO-equipped VTOL and other passengercarrying operations, some relief or allowance for alternative methods of reaching flight experience, for example,
simulator time, should be possible.
The FAA granted relief to UPS from the requirements of 135.243(b)(1) and (2). Specially, the FAA granted an
exemption from the requirement for a pilot to hold a commercial certificate with the appropriate category and
class. The pilot must still hold a commercial certificate, but it does not need to be the “appropriate” category
and class. Similarly, the FAA provided UPS with relief from “appropriate” category and class requirements in
135.337, 135.338, 135.339, and 135.340, which require instructors and check airmen to hold the airman
certificate and rating required to serve as PIC in Part 135 operations.
The FAA also granted relief from the requirement to have at least 500 hours of flight time, as found in 135.243.
Both the Wing and UPS exemptions provide some precedents for SVO-equipped aircraft operations. For
example, the division of PIC duties allowed by the Wing Nest concept easily translates to anticipated SVOequipped aircraft operations. The relief granted to both Wing and UPS regarding pilot experience might indicate
flexibility for pilot experience in SVO-equipped aircraft as well.
The UPS exemption for the 135.243(b)(1) and (2) requirement for a pilot to hold a commercial certificate with
the appropriate category and class may be applicable to SVO aircraft, as the pilot might not need to hold
“appropriate” category and class and instructors and check airmen might be provided that relief as well.
The Wing exemption leaves some questions open to further exemption requests or clarification.
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One challenge presented in the Wing exemption is a 1-to-1 ratio, meaning each team of PIC, visual observer, and
nest manager may only be assigned to one flight and must remain with that flight from beginning to end. No
person may serve concurrently in more than one of those positions and the operator must document each role
by name for each flight. This obviously presents a significant barrier to larger operations which envision a single
individual with responsibility for more than one aircraft.
Further, the Wing exemption does not address any of the flight training challenges listed in Appendix A, because
Wing applied for a single pilot Part 135 certificate, which does not require an FAA-approved training program.
Finally, Wing requested an exemption from management qualification requirements found in §119.69 and
§119.71. The FAA denied the request, saying §119.69(b) already provides a path to qualify management
personnel through other means. While this is technically accurate, inspector guidance on approving individuals
who do not meet these requirements is often inadequate and inspector or FSDO opinions vary greatly.
Additional guidance for approval of Part 119 personnel in SVO operations would help operators and inspectors
identify management personnel with experience appropriate to these unique operations.
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6.0 ICAO Standards and Recommended Practices
This section presents ICAO Standards and Recommended Practices (SARPs) as related to personnel licensing
found in Annex 1. The FLC recommends a follow-on effort to review additional SARPs – primarily those included
in Annex 6 Operation of Aircraft and Annex 8 Airworthiness of Aircraft, as these SARPs are outside the scope of
this committee’s charter.
FAA regulations closely mirror the ICAO SARPs; therefore, the FLC identified few new gaps or concerns related to
transitioning or qualifying pilots to eVTOL and other SVO-equipped aircraft.

6.1 Private – Fixed Wing and Helicopter
The SARPs outline similar knowledge, skills, and experience requirements to the FAA regulations for private pilot
licensing. However, ICAO includes a human performance element in the required knowledge section which is
not required by the FAA.
Forty hours of flight time, or 35 hours if completed through approved training (i.e., Part 141 training in the U.S.)
are required, though credit of up to 5 hours for use of a flight simulation training device is acceptable. Dual
instruction received and solo flight time experience is similar to that required by the FAA.
Flight instruction must include threat and error management, an item not required by FAA regulation.

6.2 Commercial - Airplane
The SARPs outline similar knowledge and skills requirements to the FAA regulations for commercial airplane
pilot licensing. However, as in the private licensing knowledge requirements, ICAO includes a human
performance element which is not required by the FAA.
The SARPs require less experience for an airplane than the FAA requirements – only 200 hours of total flight
time (or 150 if completed during a course of approved training) are required. The SARPs allow for a credit of up
to 10 hours for use of a flight simulation training device.
Flight instruction must include threat and error management, an item not required by FAA regulation.

6.3 Commercial - Rotorcraft
The SARPs outline similar knowledge and skills requirements to the FAA regulations for commercial pilot
licensing. However, as in the private licensing knowledge requirements, ICAO includes a human performance
element which is not required by the FAA.
The SARPs similar experience for commercial rotorcraft licensing as the FAA requirements and allow for a credit
of up to 10 hours for use of a flight simulation training device.
Flight instruction must include threat and error management, an item not required by FAA regulation.

6.4 ICAO Conclusion
The hours required for private and commercial licensing may be excessive for eVTOL and other SVO-equipped
aircraft, based on the simplicity of the aircraft. Further, knowledge and skills should be adapted to meet the
unique characteristics of eVTOL and other SVO-equipped aircraft, as identified in Section 3.
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7.0 Summary and Recommendations
The GAMA Flight Licensing & Certification Ad-Hoc Committee (FLC), based on a review of existing pilot licensing
and certification rules and associated private/commercial operating standards, has proposed a course of action
to address aircraft that are equipped with SVO features. The report focused on the training and operation issues
of SVO-equipped eVTOL aircraft of varying design from airplane-like to copter-like, but it can also be applied to
more traditional airplanes which may be equipped with SVO features.
Historically, new technology has required pilot training and additional need for currency. SVO systems are the
opposite; substantially more technology is incorporated to dramatically reduce the pilot’s workload and add
protective systems while reducing the need for pilot training.
Modern electronics have enabled safe and reliable ways to integrate automation to simplify the task of flying,
allowing pilots to focus on higher-level skills such as decision making. This report details considerations for
simplifying or reducing some areas of pilot training while focusing more thoroughly on other areas, based on
aircraft with designs that include Simplified Vehicle Operations features.
The current pilot licensing categories (airplane, rotorcraft, glider, powered lift, etc.) align with the traditional
characteristics of aircraft, but these categories are not well-suited to SVO-equipped aircraft of the same types.
Additionally, the training and operational requirements established for traditional aircraft are not appropriate
for the innovative aircraft currently being developed and undergoing certification programs, including the range
of eVTOL designs. These aircraft are expected to go into commercial service under Part 135 in the U.S. and EUOPS Regulation (EU) No 965/2012 in Europe.
The FLC suggests follow-on effort reviews:
•

FAA operational rules

•

EASA Notices of Proposed Amendment and Special Conditions related to VTOL and automation

•

ICAO operational Standards and Recommended Practices (i.e., Annex 6 and 8)

•

Feedback from regulatory agencies

•

Integration of full autonomy

This report included recommendations to address immediate near-term operational needs and also
recommendations to assure efforts are aligned with longer-term goals for the safe integration of automation
and autonomy. For the purposes of this report, timeframes are as follows –
•

Immediate – Present through 2020

•

Near Term – 2021 through 2025

•

Long Term – 2026 through 2030
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7.1 Immediate Term – Present through 2020
1. The FAA should consider creating a highly condensed Aviation Rulemaking Committee (ARC) tasked with
reviewing the current SVO-equipped aircraft and designs, their training and operations concepts, and
market timelines, relative to the current training and operations rules. The ARC output would
recommend a path forward for near term training and operations. (Immediate 1: Executive Summary)
2. FAA should start monthly internal coordination meetings between AFS, AUS, AIR, and ATO on the active
projects and their status to get ahead of issues. (Immediate 2: Executive Summary)
3. Civil Aviation Authorities, where possible, should to improve the rate and quality of harmonization.
Much of this document is based on FAA regulations; however, the overall considerations affect all
relevant authorities. (EASA is planning to start rulemaking for pilot training and operations this year).
(Immediate 3: Section 4.1.1)
4. Regulators should shape policy and, if necessary, regulations to rely more heavily on simulation systems
and modern training concepts for SVO-controlled aircraft because:
a. Current designs defined by sophisticated software align well with simulation training;
b. Costs and effectiveness of simulation have matured to ensure aviation training devices (ATDs)
have proved to be as effective as traditional simulators;
c. Traditional control feel or inceptor feedback issues and mimicking mechanical systems aren’t as
present on SVO-equipped aircraft; and
d. Electric aircraft will initially have short flight times, because of current battery energy density
limitations, making actual flight time for training difficult for operators to generate.
(Immediate 4: Section 4.1.5)
5. The authorities should work with industry to develop minimum standards for SVO-equipped aircraft
simulators, aviation training devices (ATD), and emerging smart devices. (Immediate 5: Section 4.1.5)
6. The regulators should utilize model specific training and evaluation criteria, mandated through Type
Certification (TC) or Aircraft Flight Manual (AFM) limitations, to safely and efficiently transition existing
private/commercial/ATP airmen into SVO-equipped aircraft (including eVTOL). (Immediate 6: Section
4.3)

7.2 Near Term – 2021 through 2025
1. The FAA and EASA should leverage flexibility in existing regulatory language for airplanes and rotorcraft
in order to address the immediate needs of eVTOL designs which include SVO control methodologies.
Where regulatory flexibility may be absent, the regulators should focus on the use of deviations,
waivers, and only if necessary, exemptions. (Near Term 1: Executive Summary)

40 | P a g e

TRANSITIONING TO ELECTRIC VERTICAL TAKEOFF AND LANDING (EVTOL) AND OTHER
AIRCRAFT EQUIPPED FOR SIMPLIFIED VEHICLE OPERATIONS (SVO)

Version 1.1

2. Any exemptions or rules should be performance based to allow for greater flexibility in an evolving
vehicle and operational environment and to allow for use and credit on multiple projects. (Near Term 2:
Executive Summary)
3. A twelfth area, based on the inherent differences of SVO-equipped aircraft, should be added to fixed
wing training in the Airman Certification Standards (ACS) to address the vertical operational aspect of
these vehicles. The twelfth area would be called Vertical Operations and would address nine
recommended sub tasks. (Near Term 3: Section 4.2)
4. When existing regulatory systems do not allow for a timely implementation of more flexible licensing
schemes, a flexibility mechanism should be considered as near-term and transitionary solution that
allows enhancing legacy licenses for airplanes or rotorcraft, as appropriate to the specific aircraft.
Flexibility must allow for interchangeability of licenses towards the later more flexible solution and vice
versa for pilots transitioning from a region where near-term transition solutions are in place. Where the
SVO equipped aircraft has differences from conventional airplanes or rotorcraft, manufacturers should
incorporate model specific training for those differences in their AFM. (Near Term 4: Section 5.0)
5. Airplane-like eVTOL should be integrated into the existing operational and airspace requirements with
the ability to fly like an airplane and a rotorcraft, depending on the configuration/capability (CTOL/VTOL)
used for departure and/or approach. (Near Term 5: Section 5.0)
6. The industry appreciates the efforts EASA is undertaking to enable UAM operators to start operations in
a near-term future that meets the aggressive timelines of these projects. As UAM is considered to
become a global business, the overall concept should be aligned to the highest possible levels between
all relevant Aviation Authorities to reduce parallel efforts, to enable a level playing field, and to foster
transparency for all operators between the individual markets. (Near Term 6: Section 5.5)

7.3 Long Term – 2026 through 2030
1. The FAA and EASA should consider redefining aircraft categories or simply using the term “aircraft” for
many of the pilot certification and operating rules, where the rules currently use the terms airplane and
helicopter, fixed or rotary wing, etc. The FAA and EASA should harmonize on these aircraft definitions.
(Long Term 1: Executive Summary)
2. Regulators should leverage experience gained from transition training and operations with the early
eVTOL and other aircraft designs equipped with SVO when developing training requirements for new
pilot. This new training includes the creation of licenses/certificates and evaluations for eVTOL and other
aircraft equipped with SVO for new pilots. Authorities should work on a aligned concept for training
using ICAO evidence-based training approach. (Long Term 2: Section 4.4)
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Appendix A – Detailed Regulations and Guidance – Part 135 Training
This appendix outlines specific guidance and regulations related to Part 135 qualifications and training that may
need consideration in order to allow eVTOL and SVO-equipped aircraft operations.

Initial Qualifications
First, Part 135 lays out specific requirements for an airman to be initially qualified to conduct Part 135
operations, starting with §135.95 “Airmen: Limitations on use of services”, which requires an airman to hold an
appropriate and current airman certificate and be qualified for the operations for which the person is to be
used. What airman certificates and ratings will be appropriate for eVTOL operations? To whom will §135.95
apply – both pilot and non-pilot personnel?
§135.99 “Composition of flight crew” requires the minimum flight crew specified in the aircraft operating
limitations or the Aircraft Flight Manual (AFM). eVTOL manufacturers must clearly define “flight crew” – limited
to one pilot, simplified “operator” or, for heavily automated operations, a remote crewmember - in the
applicable AFM.
§135.243 “Pilot-in-Command qualifications” outlines basic requirements for all PICs, requiring the PIC hold a
commercial certificate (any aircraft conducting VFR operations) and instrument rating (airplane operations only)
or an Airline Transport Pilot (ATP) certificate and at least 500 hours of flight time, including 100 hours of crosscountry flight time, of which at least 25 hours were at night. These only describe airplane and helicopter
requirements. What certificate and/or rating will be required of crewmembers? What flight experience, if any,
will be required of different crewmembers? What will be the requirements for powered lift?
§135.247 “Pilot qualifications: Recent experience” requires the PIC of an aircraft carrying passengers under Part
135 to conducted, within the preceding 90 days, at least three takeoffs and landings as the sole manipulator of
the flight controls in an aircraft of the same category and class. This creates an obvious challenge for heavily
automated aircraft, since there might not be a “sole manipulator” of the aircraft and may create a challenge for
simplified operations as well.
Guidance found in the FSIMS Volume 3 General Technical Administration, Chapter 19 Training Programs and
Airman Qualifications provides FAA inspectors with instructions on how to approve and oversee indoctrination,
emergency, ground, and flight training programs. The guidance includes minimum threshold hours by aircraft
category and class, detailed lists of training topics, and more. Air carriers - even those using traditional aircraft seeking certification but not ticking each of the boxes set out in guidance often face significant challenges from
their inspectors.
Inspector job aids related to §135.293 (see AT JTA 3.3.123) and §135.299 (see FSIMS Volume 3, Chapter 19,
Section 13) checks are also very prescriptive and not entirely applicable to VTOL operations.

Part 135 Instructor and Check Airmen Qualifications and Requirements
Another issue related to qualifications and training are the qualification and training requirements of flight
instructors and check airmen.
§135.337 “Qualifications: Check airmen (aircraft) and check airman (simulator)” establishes qualifications for
check airman, including appropriate airman certificates, medical certificates, and so on. §135.338
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“Qualifications: Flight instructors (aircraft) and flight instructors (simulator)” establishes similar qualifications for
flight instructors. These requirements meet the same challenges as the qualifications for crewmembers in
general, as they are intended for traditional airplane or rotorcraft operations.
§135.339 “Initial and transition training and checking: Check airmen (aircraft), check airman (simulator)” and
§135.340 “Initial and transition training and checking: Flight instructors (aircraft), flight instructors (simulator)”
outline training and checking requirements for flight instructors and check airmen. Here again, inspector
guidance in FSIMS Volume 3, Chapter 19 is prescriptive in nature and not fully applicable to eVTOL operations.
§135.339(d)(3) and §135.340(d)(3) require, if training and checking is conducted in the aircraft itself, “training
and practice in conducting flight checks from the left and right pilot seats in the required normal, abnormal, and
emergency procedures to ensure competence”, which is clearly inappropriate for most eVTOL operations. This is
not required if training and checking is conducted in an approved flight training device or simulator.

Simulator Requirements
The final issue related to qualifications and training is the FAA’s current definition of an aircraft simulator. The
FAA currently requires a full-motion simulator be used for Part 135 training credit purposes. The concept of a
full-motion simulator may become less relevant to heavily automated SVO, so modified standards for accepting
simulator or flight training device training should be considered.
It is likely that SVP commercial operators will seek to limit training in aircraft in order to manage risk and lower
costs. As we have seen in previously in commercial aviation, flight training devices will be the safest and most
cost-effective tools.
Further, §91.109 “Flight instruction; Simulated instrument flight and certain flight test” establishes requirements
for aircraft used in flight instruction. SVO or eVTOL aircraft will likely not meet these requirements as written
today, making development and FAA approval of simulators or flight training devices critical.
See §135.321 “Applicability and terms used” and §135.335 “Approval of aircraft simulators and other training
devices”. See FSIMS Volume 3, General Technical Administration, Chapter 54 Part 142 Training Center, Section 6
Part 142 Training Centers: Evaluate Training Programs, Curricula, Flight Training Equipment, and Recordkeeping
Requirements, Advisory Circular 120-45 (as amended) Airplane Flight Training Device Qualification, and AC 12063 (as amended) Helicopter Simulator Qualification.
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Appendix B – Airman Certification Standards
This appendix reviews the required Airman Certification Standards (ACS) Task, Knowledge, Risk Management,
and Skills areas. It identifies many opportunities for training footprint reductions resulting from highly
automated flight controls and advanced avionics. Where relief from testing is appropriate due to the unique
operating characteristics of an SVO-equipped aircraft, it is identified as a difference to the Private Pilot ACS.
ACS Skill Area

Relief

Preflight Preparation – A-E

No relief desired

Preflight Preparation – F-H

Relief sought as it pertains to SVO pilot technique and
aircraft configuration

Preflight Preparation – I:

N/A (ASES/AMES)

Preflight Procedures – A-B:

No relief desired

Preflight Procedures – C:

Relief sought as it pertains to SVO aircraft, e.g. engine
starting

Preflight Procedures – D:

Relief sought as it pertains to SVO aircraft
taxiing/maneuvering, e.g. these aircraft will
predominantly operate from vertiports.

Preflight Procedures – E:

N/A (ASES/AMES)

Preflight Procedures – F:

Relief sought as it pertains to SVO operations, e.g.
PowerPlant failure

Airport and Seaplane Base Operations – A:

No relief desired

Airport and Seaplane Base Operations – B:

Relief sought at it pertains to SVO operations

Takeoffs, Landings, and Go-Arounds – A-B:

Relief sought at it pertains to SVO operations:
stabilized Approach, wind correction, low altitude
maneuvering (envelope protected), power setting,
speed and directional aircraft management.

Takeoffs, Landings, and Go-Arounds – C:

N/A

Takeoffs, Landings, and Go-Arounds – D:

N/A

Takeoffs, Landings, and Go-Arounds – E:

N/A

Takeoffs, Landings, and Go-Arounds – F:

N/A

Takeoffs, Landings, and Go-Arounds – G:

N/A

Takeoffs, Landings, and Go-Arounds – H:

N/A

Takeoffs, Landings, and Go-Arounds – I:

N/A
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Takeoffs, Landings, and Go-Arounds – J:

N/A

Takeoffs, Landings, and Go-Arounds – K:

N/A

Takeoffs, Landings, and Go-Arounds – L:

N/A

Takeoffs, Landings, and Go-Arounds – M:

N/A

Takeoffs, Landings, and Go-Arounds – N:

Go Around/Rejected Landing

Version 1.1

Relief sought at it pertains to SVO operations: stabilized Approach, wind correction, low altitude maneuvering
(envelope protected), power setting, speed and directional aircraft management.
Performance and Ground Reference Maneuvers –
A/Steep Turns:

Relief sought at it pertains to envelope protected
SVO operations:

Performance and Ground Reference Maneuvers –
B/Ground Reference Maneuvers:

Relief sought at it pertains to envelope protected
SVO operations

Navigation – A-D

Relief sought at it pertains to automated avionics
SVO operations:

Slow Flight and Stalls – A-D

Relief sought at it pertains to envelope protected
SVO operations:

Basic Instrument Maneuvers – A-F

Relief sought at it pertains to automated avionics
SVO operations:

Emergency Operations – A-G

Relief sought at it pertains to automated avionics and
envelope protected SVO operations:

Multiengine Operations – A-D

Relief sought at it pertains to automated avionics and
envelope protected SVO operations:

Night Operations – A

No relief desired

Post flight Procedures – A

No relief desired
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Appendix C – Cessna CE-208 Training Requirements for Flight Into Icing
Conditions SAFO
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