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EXECUTIVE SUMMARY 

None of the Federal Aviation Regulations envisioned electric propulsion when the regulations 
were promulgated. Further, most of the technology for spark ignition reciprocating engines had 
been innovated decades ago, so that subsequent certifications of newer reciprocating engines 
had an heritage, along with legacy means of compliance so that certification was clear-cut.  

Recent technology innovations in vehicle concepts and the technology that support the vehicles 
have pushed the limits of their ability to be certified. The FAA’s recent response to that 
challenge with its regulation by objective, supported by the update of FAR 23 to amendment 
23-64 show a remarkable intent to adapt to the technology challenge. In particular, the ASTM 
committees to develop standards that support these standards are laudable.  

Accordingly, there can now be made a clear mapping between the regulations and certification 
criteria and the X-57 Scalable Convergent Electric Propulsion Technology and Operations 
Research (SCEPTOR) program. The results of planning and tests from the program is able to 
address still-open questions and challenges in the development of the means of compliance to 
the ASTM standards, as well as gaps between the existing regulations and the new vehicles that 
are pushing innovative technologies. 

This report describes a generic method for addressing any new technology to its associated set 
of regulations and certification criteria. The result is a framework under which a detailed 
assessment can be conducted. 

Using just such a framework, the report maps the detailed updated regulations and evolving 
ASTM standards to the particular technology planning and tests. 

As a result, a roadmap of NASA technology is documented that shows clear transfer of 
technology data to industry (standards developers, as well as technology developers) and the 
FAA regulatory policy and certification staff upon whom certification and policy will be data-
driven. 

Future work will include the development of new standards and means of compliance for new 
insights from the NASA flight project. To validate the approach, a new NASA vehicle concept 
should be examined for its certification issues. It is conceivable that the approach and 
framework can be used to inform the decision-making by NASA for new vehicle concepts. 
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1. Introduction 

None of the Federal Aviation Regulations envisioned electric propulsion when the regulations 
were promulgated. Further, most of the technology for spark ignition reciprocating engines had 
been innovated decades ago, so that subsequent certifications of newer reciprocating engines 
had an heritage, along with legacy means of compliance so that certification was clear-cut.  

This report describes a generic method for addressing any new technology to its associated set 
of regulations and certification criteria, and assessing it with respect to a generic electric 
propulsion vehicle. The result is a framework under which a detailed assessment can be 
conducted for particular vehicle configurations. 

The report then describes some of the key characteristics of the X-57 Maxwell Scalable 
Convergent Electric Propulsion Technology and Operations Research (SCEPTOR). In particular, 
the approach of taking a Tecnam P2006T aircraft, and replacing the wing and twin Rotax R912 
spark ignition reciprocating engines with a high-aspect ratio wing with leading-edge distributed 
electric propulsion motors for high-lift climb and descent, as well as two electric propulsion 
units for cruise flight. 

Using the generic framework and applying it to the X-57 Maxwell SCEPTOR, as an example 
vehicle, the report maps the detailed updated regulations and evolving ASTM standards to the 
particular technology planning and tests of the X-57. 

As a result, a roadmap of NASA technology is documented that shows clear transfer of 
technology data to industry (standards developers, as well as technology developers) and the 
FAA regulatory policy and certification staff upon whom certification and policy will be data-
driven. 

Accordingly, there can now be made a clear mapping between the regulations and certification 
criteria and the X-57 SCEPTOR program. The results of planning and tests from the program is 
able to address still-open questions and challenges in the development of the means of 
compliance to the ASTM standards, as well as gaps between the existing regulations and the 
new vehicles that are pushing innovative technologies. 

2. An Approach to Identify Areas to Focus Electric Propulsion Certification 
This report describes the initial assessment of aircraft procedures for emerging technologies. 
The objective is to identify gaps that may exist due to emerging technologies in both new 
certification rules and existing standards used as a means of compliance to these rules for 
Normal Category Aircraft. 

There are three tasks associated with this assessment. The first is a certification basis review. 
The second is the evaluation of NASA activities relevant to certification gaps. The final is the 
coordination between NASA, the regulators and the standards bodies. 
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2.1. Certification Basis Review 

The approach to the certification basis review is done in three parts. First identify the 
appropriate engineering certification regulations for the advanced vehicle concept. Next, 
identify the technology innovations. Finally, select the particular vehicle concept and 
regulatory environment. 

2.1.1.Identify the appropriate engineering certification regulations 
This involves capturing the relevant aircraft and propulsion certification regulations, as well as 
the associated Aircraft Flight Manual and-or the Pilot Operating Handbook (while operational, 
these later documents contain limitations based on the engineering certification of the 
aircraft), and with some portions of the operational certification regulations. Figure 1 shows a 
list of potential concept vehicles and potential associated regulation groups. 

Figure 1, Identification of Appropriate Certification-Regulations for Advanced Concept Vehicles 

!  

2.1.2.Evaluation of NASA Activities Relevant to Certification Gaps 

This involves capturing the relevant technology innovations to be demonstrated, as well as key 
vehicle concepts. For example, a vehicle concept may focus on a large, transport-category 
aircraft that leverages boundary layer injection. Associated with that technology is hybridized 
powerplants and integrated turbine engines. An electric cruise propulsion vehicle may focus on 
electric propulsion systems and battery management systems, while concurrently 
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demonstrating high-lift distributed electric propulsion. Other examples are also shown and 
summarized in Figure 2. 

Figure 2, Technology Innovation and Vehicle Concepts 

!  

2.1.3.Selecting a Vehicle Concept and Technology 
The third and final part is to select a particular problem space that focuses on a vehicle 
concept and technology, and focuses on the appropriate engineering certification and 
standards. Figure 3 shows the example of focusing on electric propulsion for a fixed wing 
advanced concept vehicle, which further focuses on 14 CFR 23, 33 and 35, as well as 
appropriate ASTM standards and working documents. 
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Figure 3, Selecting a Particular Technology, Vehicle Concept and the Regulations and Standards 

!  

Once the problem space is defined for electric propulsion, then begins the review the current 
regulations that apply to small aircraft, as well as the Means of Compliance (MOC) by both FAA 
Advisory Circulars and Standards. A significant body of new standards are being developed by 
ASTM in its committees F44 and F39, based on the FAA approach of performance-based 
regulation, epitomized in 14 CFR 23, Amendments 62 through 64. A considerable legacy of 
standards are also found in SAE, RTCA and other organizations, as well. 

This review of the current regulations are examined with respect to to the new concept vehicle 
and new technology, in this case to identify areas to focus electric propulsion certification, and 
to uncover elements of the applicable Federal Aviation Regulations (FAR) that suggest a need of 
tailoring or wholesale revision. 

The approach taken to infer the need for tailoring or revision is to integrate the regulations 
with the vehicle concept using the system technology demonstration phases. This allows 
insights into the particular phase of the system technology demonstration phase, and its 
applicable regulation or MOC standard. This is shown in Figure 4. 

At each intersection shown in Figure 4, an assessment of the effect of the advanced technology 
insight is conducted on the regulation and certification. The purpose is to assess the 

	 "9



appropriateness of the regulatory criteria or conditions on the technology. This establishes a 
simple means of asserting that the regulation-certification is unchanged, needs tailoring or 
needs revision. 

Figure 4, Integrating Regulations with Vehicle Concepts by System Technology Phase 

!  
Figure 5 shows a hypothetical decomposition of an intersection and a caricature of the decision 
process. In one case, the criteria and conditions of the regulation-certification are appropriate 
to the technology, and sets the conditions and criteria for the technology. The regulation-
certification, in this case, is unchanged. 

The next case, the criteria and conditions may need adjustments, and the technology informs 
the criteria. The new conditions set the boundary for the technology, and, thus, the regulation-
certification is tailored for the technology. 

Finally, the criteria and conditions change due to the technology, and the technology sets new 
criteria and conditions. The regulation-certification need revision. 
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Figure 5, Assessing the Effect of Advanced Technology on Regulations and Certification 

!  
After conducting an evaluation of 14 CFR 23, Airworthiness Standards: Normal Category 
Airplanes , 33, Airworthiness Standards: Aircraft Engines , and 35 Airworthiness Standards: 1 2

Propellers , for a fixed-wing electric propulsion concept vehicle, most of the regulations were 3

found to be appropriate for electric propulsion. Of the 122 sections reviewed in FAR 35, 33 and 
23, 8 were found to need revision and 20 would need tailoring for the electric propulsion 
technology. This provides some confidence that the regulatory process is robust in the presence 
of the new technology.  

2.2. Evaluation of NASA activities relevant to certification gaps 
This report focuses on the assessment of the NASA vehicle concept of the X-57 SCEPTOR 
Distributed Electric Propulsion technology and its ability to affect the relevant certification 
and regulatory environment. In the process, this report assesses the certification gaps. 

 14 CFR 23, Amendment 23-64, Dated 30 Aug 2017 (https://www.ecfr.gov/cgi-bin/retrieveECFR?pitd=20170830&n=pt14.1.23)1

 14 CFR 33, General, Design and Reciprocating Aircraft Engines, Dated 3 October 2018, (https://www.ecfr.gov/cgi-bin/retrieveECFR?2

&n=pt14.1.33)

 14 CFR 35, Dated 3 October 2018, (https://www.ecfr.gov/cgi-bin/retrieveECFR?&n=pt14.1.35)3
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2.3. Coordination between NASA, the regulators and the standards bodies 

The third task is to ensure that the vehicle concept and technology has the ability to be 
reviewed and understood by the regulators and standards bodies. While traditional engineering 
certification processes are proscriptive in nature (with explicit pass-fail criteria that must be 
demonstrated by the applicant to the certification office), the recent vehicle concepts and 
associated technologies have stretched this traditional model to its limits. Accordingly, a 
number of initiatives, which formed a new organization within the FAA certification service 
(AIR-600, Policy and Innovation Division, in the Aircraft Certification Service), within which new 
technology vehicles are being assessed for their ability to be certified using special conditions. 
Further, rather than an applicant entering the certification process with all documentation 
completed and ready to pass all of the criteria, this new service encourages new vehicle 
developers to enter discussions, so that the FAA better understands the technology, and can 
offer the new vehicle developer a potential path forward when the developer is ready to begin 
certification. 

A significant portion of any certification program is a solid knowledge of the means of 
compliance (MOC) to each paragraph within the regulations. These MOCs are traditionally done 
by FAA Advisory Circulars. However, a number of MOC are better done by industry-accepted 
standards. Aviation standards organizations such as ASTM, RTCA, SAE (and others) build their 
standards, typically, through consensus of industry and Government technical specialists 
gathering to develop their standards. 

Of particular note for general aviation is that the ASTM has built the Committee F44 on General 
Aviation Aircraft, and Committee F39 on Aircraft Systems. These committees are actively 
contributing to the standards body of knowledge on electric propulsion, in particular. 

NASA involvement with the regulators and standards bodies is openly encouraged, and forms a 
unique ability to ensure contribution of NASA technology to the industry. 

As a result, the X-57 SCEPTOR program becomes an equal contributor to the industry developer, 
the standards organization and the FAA regulator and certifier, as illustrated in Figure 6. 

Figure 6, NASA’s Role in Emerging Technology Environments 

  

	 "12



3. Overview of the X-57 Project 

Based on the summary assessment of the regulations with respect to electric propulsion, an 
assessment was conducted with particular focus on the NASA Scalable Convergent Electric 
Propulsion Technology and Operations Research (SCEPTOR) X-57 project.  

The SCEPTOR X-57 project addresses a NASA Aeronautics Research Mission Directorate (ARMD) 
goal to enable technologies that reduce fuel burn and emissions across the U.S. aviation fleet. 
System studies, identified in the SCEPTOR X-57 “Maxwell” Objectives and Requirements 
Document (ORD) , have shown that extremely high coupling  between the aerodynamics, 4

propulsion, control, structure, and acoustics through electric propulsion offers the most 
aggressive method of accomplishing a reduced fuel burn and emissions goal. The project will 
validate these system studies through the flight test of a human piloted all-electric GA aircraft. 
Performance of the conventionally powered baseline GA aircraft is compared to that of the all-
electric aircraft in order to validate the performance gain. The objectives of the SCEPTOR 
project are shown in Table 1. 

 SCEPTOR X-57 Maxwell Objectives and Requirements Document (ORD), ORD-CEPT-002, Release A, 8 January 2018.4
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Table 1, Flight and Complex Distributed Electric Propulsion (DEP) Objectives (from ORD) 

Objective 
Number Objectives Precedence Performance Measure

OBJ-1 Achieve at least a 3.0x 
lower energy usage 
compared to baseline 
General Aviation (GA) 
aircraft at high speed 
cruise. 

Primary Cruise energy per nm resulting from the product of 
aerodynamic, propulsive and structural 
efficiencies. Measured by collecting air data for 
true airspeed, GPS for distance, and power usage 
of the battery system.

OBJ-2 Achieve at least a 1.2x 
lower energy usage 
compared to electrified 
General Aviation (GA) 
aircraft at high speed 
cruise.

Secondary Cruise energy per nm resulting from the product of 
aerodynamic, propulsive and structural 
efficiencies. Measured by collecting air data for 
true airspeed, GPS for distance, and power usage 
of the battery system.

OBJ-3 Raise the TRL from 5 to 
6 of a complex, 
integrated DEP system 
on a manned aircraft

Primary Min Success: Flight with a complex, integrated 
DEP system containing at least 8 motors 
operating at a total power level of at least 60kW 
during a power-idle descent Full Success: Level 
flight with a complex, integrated DEP system 
active down to at least 58 KCAS

OBJ-4 Demonstrate low-speed 
handling qualities, 
landing profile, and 
takeoff profile using a 
complex DEP system

Primary Min Success: Cooper-Harper rating of 6 
Full Success: Cooper-Harper rating of 4

OBJ-5 Demonstrate a means of 
compliance for 
certification of DEP 
technologies

Primary Min Success: Publicly-available presentation or 
report that describes the approach that was used 
to address NASA airworthiness standards related 
to the DEP system  
Full Success: Incorporation of at least one NASA-
developed DEP-related airworthiness procedure in 
a consensus standard that is accepted as a 
means of compliance to 14 CFR Part 23 or Part 
33 (e.g., ASTM F44, ASTM F39, etc.)

OBJ-6 Generate a reference 
acoustic signature of a 
DEP configuration

Secondary Min Success: Build an acoustic model based on 
collected reference data 
Full Success: Conduct acoustic signature 
characterizations acceptable to 14 CFR Part 36, 
Appendix G
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The SCEPTOR X-57 project intends to modify an existing GA aircraft. This provides for a “re-
wing” of the aircraft utilizing a wing optimally designed for electric propulsion at cruise, while 
reducing the risk and cost associated with a new aircraft design. Additionally, this allows for a 
direct comparison between performance of the GA baseline aircraft and the X-57 aircraft. The 
project objectives may be met with the selection of various GA aircraft that operate in the 
desired flight envelope and are capable of high speed cruise; a representative geometry 
reflecting a re-winged Tecnam P2006T is shown in Figure 6. Representative performance data 
are shown in Table 2. (These data may change as the vehicle configuration evolves.) 

Figure 7, A Representation of the X-57 SCEPTOR as a Re-Winged Tecnam P2006T 

!  
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Table 2, Electrified GA Aircraft Performance Characteristics of the X-57 SCEPTOR 

  

The X-57 aircraft is a human-rated, human-piloted aircraft with a conventional mechanical 
flight control system. A digital flight control system is not required for aircraft control, and 
therefore is considered an unnecessary complexity. However, a level of fault-tolerant digital 
control is required for operation of the electric propulsion system.  

The SCEPTOR X-57 project’s development approach incorporates conventional design practices, 
a build-up testing approach, and model validation. The development plan ensures an advanced 
understanding of the electrical power system, motors, wing structure, and flight controls, and 
demonstrates NASA airworthiness of the X-57 aircraft prior to flight.  

The X-57 aircraft maintains the base GA aircraft system fuselage, empennage, landing gear, 
and control system for pitch and yaw. The wing structure, and consequently the roll control 
system and high-lift system, are a new design. The new wing structure is primarily of carbon-
fiber construction. The wing provides ailerons for roll control and flaps for high-lift 
augmentation, plus nacelles for the wing tip and High Lift motors, and routing accommodations 
for the electrical power system. The wing shall be designed according to G-7123.1-001 Aircraft 
Structural Safety of Flight Guidelines.  

Performance Characteristic Value

Wing Area 67 sq. ft.

Wing Aspect Ratio 15

Cruise Motors (no. @ power each) 2 @ 45kW (60 kW peak)

High Lift Motors (no. @ power each) 12 @ 10kW

Aircraft Weight 3000 lb

Battery Weight 800 lb

Cruise Altitude 9000 ft

Ceiling 15000 ft

Cruise L/D 14

Cruise Speed 152 KTAS

Stall Speed 58 KCAS

Flight Time 30 min
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The SCEPTOR X-57 project is divided into 4 primary developmental phases, referred to as 
modifications, and abbreviated as Mod I, II, III, and IV. Each modification results in an 
incremental build-up in system complexity. Mod I includes build-up of a ground test version of 
the primary electrical propulsion system. Additionally, flight data for simulation validation is 
collected from a rental aircraft during Mod I. Mod II involves the integration and flight test of 
the electrical propulsion system and is used for flight validation of the new propulsion system. 
Mod III involves development and integration of the new wing design with the propulsion 
system installed on the wing-tips. Mod IV adds the High Lift system, which restores the original 
low speed performance envelope of the aircraft. The project Mods are shown in Figure 7. 

Figure 8, Project Modification Phases (“Mod”) for SCEPTOR X-57 

!  
There are four flight phases to the X-57 flight testing, correlating to the three project 
modifications, categorized as Mod I, Mod II, Mod III, and Mod IV.  

Mod I consists of test flights on a rental aircraft to develop pilot familiarization and collect 
flight data for simulation validation. These data support energy consumption with a 
representative reciprocating engine; pilot familiarization of the basic aircraft controls that 
remain unchanged when proceeding to Mod II; and collecting aero-model, stability and control, 
and flight characteristics for simulator development.  

Mod II is flight testing of the base GA aircraft with the electric motor(s). The focus of Mod II is 
(1) to develop pilot proficiency in the operation of the electric aircraft, and (2) establish 
baseline performance of the aircraft with electric motors. The flight test for Mod II includes 
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energy consumption measurements, and validation of the simulator model for operation and 
failure states of the electric motors.  

Mod III ground and flight testing begins following integration of the new wing and wing- tip 
cruise motors. Ground testing including Ground Vibration Tests (GVT) conducted to validate 
system models prior to flight test. This Mod of flight testing requires envelope expansion as the 
vehicle is required to establish flutter clearance and validate motor-out performance.  

Mod IV ground and flight testing follows the integration of the High Lift system and therefore 
expands the flight envelope accordingly. Operations of the High Lift system will occur first at 
altitude prior to operations during take-off and landing.  

While the X-57 SCEPTOR project development is builds on progressions between each 
modification phase, the project structure is based on an integrated product team structure 
with Vehicle Integration as the integrating integrated product team, with five integrated 
product teams consisting of Wing, Sizing and Performance, Integrated Power and Control, 
Instrumentation, and Flight Controls. The disciplines and responsibilities associated with each 
integrated product teams is shown in Figure 8. 

Figure 9, Integrated Product Team Structure of the X-57 SCEPTOR Project 

!  
Further X-57 SCEPTOR project details can be found in the ORD, as well as the six specifications: 
Motor and Controller Specification (SPEC-CEPT-001), Traction Battery System Specifications 
(SPEC-CEPT-002), Mod III/IV Wing Structural Specifications (SPEC-CEPT-003), High-Lift Motor 
Specification (SPEC-CEPT-004), High-Left Motor Controller (SPEC-CEPT-005), and High-Lift 
Propeller Specification (SPEC-CEPT-006). 
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There is also a public-facing document repository with technical papers, as well as the 
Preliminary Design Review and Critical Design Review presentations available at the NASA X-57 
Technical Data Repository . 5

4. Evaluation of the Federal Aviation Regulations and the X-57 SCEPTOR 
The X-57 is not bound by the Federal Aviation Regulations, and as such does not need to go 
through an aircraft certification process. As a NASA experimental aircraft there is a robust body 
of NASA safety of flight and safety-and-mission-assurance processes and practices that it must 
meet in order to fly. These are complemented by a robust set of NASA program and project 
management practices in systems engineering with oversight by Chief Engineering 
organizations.  

This assessment was conducted of the regulations as they might be affected by the new 
technology in the X-57. The purpose of which is to ensure that the technology development, as 
well as results and insights from simulations and tests of the X-57 during its four modification 
phases are available for the industry and FAA, as a resource for their decision-making. It is not 
to conduct a certification test plan for the X-57. 

The approach was to generate a “Proposed Compliance Matrix” (PCM) that mimics a traditional 
test matrix. While a test matrix is not needed for the X-57, this structure provides a means by 
which an assessment of the current regulations can be done based on the X-57 technology 
development. This is a similar process to that which was described in the Introduction section 
of this paper. The difference is that instead of using the generic system technology 
demonstration phases (“systems analysis”, PDR, CDR, etc.), this assessment will focus on the 
four development phases of the X-57 to assess the readiness of the regulations to its new 
technology.  

A review of the Airworthiness Standards: Normal Category Airplanes (FAR 23), Aircraft Engines 
(FAR 33), and Propellers (FAR 35) for their robustness to electric propulsion and distributed 
electric propulsion follows. 

4.1. Summary of Normal Category Airplanes Regulations (FAR 23) and X-57 
Installation of electric propulsion units, electrical storage systems and distributed electric 
propulsion were not envisioned when 14 CFR part 23 was created.  

Fortunately, the Federal Aviation Administration’s (FAA) Policy and Innovation Division’s Small 
Airplane Standards Branch (AIR-690), in the face of increasing requests to certify new aircraft 
with advanced technology, began the process of adjusting its practices to better accommodate 
new technology in certification efforts, the FAA certification office began initiatives such as 
the safety continuum concept, implementation of performance based regulations, reaching out 
within its organization to a much broader intra-agency collaboration, and the application of 

 https://www.nasa.gov/aeroresearch/X-57/technical/index.html5
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risk based approach to safety analyses . One of the most effective efforts that the certification 6

service has used is an early engagement with industry (prior to application for a certificate, 
which is the traditional time when the industry meets with the FAA certification process). 
Further, the FAA certification office is continuing to re-examine the regulatory landscape, and 
is reviewing ways to comply with the regulations.  

The FAA developed Amendment 23-64 to 14 CFR 23 , which reflected a move to performance 7

based rules with a Means of Compliance (MOC) within consensus standards, which is less tied to 
aircraft configuration, and enables flexible requirement development. This encourages 
industry innovation, and breaks the cycle of rule language falling behind technology. However, 
advanced configurations are rapidly emerging, and it is apparent that some gaps still exist in 
Part 23-64. The FAA Policy and Innovation Division’s Small Airplane Standards Branch (AIR-690) 
established a team in mid-2017 to complete the gap analysis.  

The scope of the FAA Future Aircraft Safety Team’s (FAST) gap analysis was threefold: Aircraft 
that use fixed wings for horizontal flight and propulsion systems for vertical flight; Aircraft that 
are piloted by a person onboard; and Aircraft with the ability to fly away and-or land safely 
after critical power and-or thrust failures not extremely improbable. The FAST was made up of 
specialists from the Small Airplane Standards Branch; Rotorcraft Standards Branch; and Engine 
Propeller Standards Branch. The FAST strategy was three-phased: Small Airplane Standards; 
Small Airplane and Rotorcraft; and all three Standards from the three Branches. 

The FAST used a series of questions as they developed the language of their gap analysis, such 
as: Does the language accommodate a performance based philosophy? Does the language 
address all overall aircraft configurations? Does the language address all forms of propulsion? 
Are all anticipated flight characteristics accommodated? Have all anticipated structural 
considerations been reflected? Have all levels of systems complexity and interaction been 
reflected? Have all crew considerations been examined? And finally: Are there significant Part 
27 (Normal Category Rotorcraft ) considerations? 8

The following sections are organized by each of the Federal Aviation Regulation 23  subparts, 9

and provide an overview of the detailed assessment shown in the “Proposed Compliance 
Matrix” (PCM). The ASTM MOCs  are shown for each, along with notes, as necessary. 10

 This description of the FAA’s initiatives are from a presentation made by the FAA at the ASTM F44 Committee meeting during the “Advanced 6

Aircraft Technology Certification Workshop,” 23 October 2018.

 14 CFR 23, Amendment 23-64, Dated 30 Aug 2017 (https://www.ecfr.gov/cgi-bin/retrieveECFR?pitd=20170830&n=pt14.1.23)7

 Part 27—Airworthiness Standards: Normal Category Rotorcraft, August 30, 2017, https://www.ecfr.gov/cgi-bin/text-idx?8

SID=d1bf1e3a146fffd61ba16f2dfa4a1e4b&pitd=20170830&tpl=/ecfrbrowse/Title14/14cfr27_main_02.tpl

 14 CFR 23, Amendment 23-64, Dated 30 Aug 2017 (https://www.ecfr.gov/cgi-bin/retrieveECFR?pitd=20170830&n=pt14.1.23)9

 Accepted Means of Compliance; Airworthiness Standards: Normal Category Airplanes (Federal Register, Vol. 83, No. 92/ Friday, May 11, 10

2018/ Rules and Regulations, Notice No. 23–18–01–NOA).
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There were no issues with §23.1457 Cockpit voice recorders (CVR), §23.1459 Flight data 
recorders (FDR), or §23.1529 Instructions for continued airworthiness (ICA). As the X-57 is an 
experimental aircraft, there is no need for ICA. However, for the CVR and FDR, the mission 
control and data telemetry will more than accommodate any needs within the regulations. 

4.1.1.Normal Category Airplanes, Subpart A, General 

Revised §23.2000 with expanded applicability and definitions to account for unique powered 
lift characteristics. Details can be found in the PCM. 

4.1.2.Normal Category Airplanes, Subpart B, Flight 

Performance (§§23.2100-23.2130): Performance constitutes one of the key areas where 
vertical flight vehicles show their effect in FAR 23, with the incorporation of hight-lift 
capabilities into weight and center of gravity, performance data, stall speed, takeoff 
performance, climb requirements, climb information, and landing. The X-57, during Mod IV, 
conducts its flight test of the Distributed Electric Propulsion (DEP) system that will provide 
significant publicly available data to the community of the DEP regarding performance, stall 
speed (renamed “minimum safe speed” in the FAST white paper), takeoff performance, climb 
and landing. 

Flight Characteristics (§§23.2135-§23.2165): Flight characteristics is also heavily affected by 
the FAST gap analysis. Controllability; trim; stability; stall characteristics, stall warning, and 
spins; ground and water handling characteristics; vibration, buffeting, and high-speed 
characteristics; and performance and flight characteristics requirements for flight in icing 
conditions are all addressed, with particular focus on controllability, stall characteristics, 
warning and spins, having significant opportunity for data from X-57 SCEPTOR during Mod IV. 
However, since the X-57 SCEPTOR is based on the Tecnam P2006T, and there are restrictions 
from operating in known icing conditions as part of its type certificate data sheet . 11

Accordingly, there will be no experience generated from the X-57 SCEPTOR regarding icing. 

4.1.3.Normal Category Airplanes, Subpart C, Structures 

For §23.2200 Structural design envelope, there were only minor edits from the FAST gap 
analysis to reflect the change from “stall speed” to “minimum safe speed,” as well as adding a 
reference to accommodate powered lift aircraft with engine-driven lifting devices. While this 
is typically associated with vertical flight concept vehicles, it will also be informed by the X-57 
SCEPTOR. 

Structural Loads (§§23.2210-23.2230): Structural loads is modestly affected by the FAST gap 
analysis. Some references are made to accommodate engine-driven lifting devices. As 
appropriate, data from the DEP Flight test during Mod IV, as well as battery installation and 
testing from Mod’s II and III, will be supplied to inform the regulations and ASTM MOCs. 

 Type Certificate Data Sheet No. A62CE, Revision 5, Costruzioni Aeronautiche Tecnam srl, P2006T, October 17, 2017. http://rgl.faa.gov/11

Regulatory_and_Guidance_Library/rgMakeModel.nsf/0/24e12213052297b9862581bf0052286a/$FILE/A62CE_Rev_5.pdf
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Structural Performance (§§23.2235-23.2245): There are no changes from the FAST gap 
analysis for structural performance. As appropriate, data from the battery installation and 
testing from Mod’s II and III, will be supplied to inform the regulations and ASTM MOCs. 

Design (§§23.2250-23.2265): There are no changes from the FAST gap analysis for design. As 
appropriate, data from the battery installation and testing, as well as wing design, fabrication 
and testing from Mod’s II and III, will be supplied to inform the regulations and ASTM MOCs. 

Structural Occupant Protection (§§23.2270): There are no changes from the FAST gap analysis 
for emergency conditions. There is significant work established to ensure the safety of the 
flight research pilot for the X-57 for both structural occupant protection, as well as emergency 
conditions as part of the flight research activities in Mod’s II, III and IV, and these  will be 
supplied to inform the regulations and ASTM MOCs. 

4.1.4.Normal Category Airplanes, Subpart D, Design & Construction 

For §§23.2300-23.2310 (Flight control systems; Landing gear systems; and Buoyancy for 
seaplanes and amphibians), there are minor revisions to reflect harmonization and ensure that 
language reflects performance-based regulations. There was an addition that the flight control 
system design should include an indication when control authority is reduced from nominal to 
account for unique characteristics of electronic flight control systems. The control system for 
the X-57 SCEPTOR will provide unique insights to inform the regulations and ASTM MOCs. 

Occupant System Design Protection (§§23.2315-23.2320): There are some revisions from the 
FAST gap analysis to reflect harmonization. That information from the X-57 SCEPTOR of benefit 
to regulations and MOCs will be made available. 

Fire and High Energy Protection (§§23.2325-23.2335): There are some revisions from the 
FAST gap analysis to reflect harmonization. Information from the X-57 SCEPTOR of benefit to 
regulations and MOCs will be made available. 

4.1.5.Normal Category Airplanes, Subpart E, Powerplant 

Powerplant installation (§23.2400): The FAST gap analysis revised §23.2400(b) to provide a 
path to concurrent aircraft and propulsion approval for Level 1-4 aircraft.  

Automatic power or thrust control systems (§23.2405): The FAST gap analysis revised the 
title to "Power or thrust control systems" as well as (a), (b) and (c) to account for manual, 
automatic and reverse power and thrust controls systems in powered lift aircraft. Information 
from the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. The X-57, 
during Mod IV, conducts its flight test of the Distributed Electric Propulsion (DEP) system that 
will provide significant publicly available data of benefit to regulations and MOCs. 

Powerplant installation hazard assessment (§23.2410): The FAST gap analysis made no 
revisions to this section. Information from the X-57 SCEPTOR of benefit to regulations and 
MOCs will be made available. 
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Powerplant ice protection (§23.2415): The FAST gap analysis made no revisions to this 
section. Since the  X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 
Since since the X-57 SCEPTOR is based on the Tecnam P2006T, and there are restrictions from 
operating in known icing conditions as part of its type certificate data sheet. Accordingly, there 
will be no experience generated from the X-57 SCEPTOR regarding powerplant icing protection. 

Reversing systems (§23.2420): The FAST gap analysis recommended deleting this section, as it 
was incorporated in the revised 23.2405, Power or thrust control systems. 

Powerplant operational characteristics (§23.2425): The FAST gap analysis: (1) revised 
§23.2425(b) to account for characteristics of the automatic distributed electric propulsion 
system on this aircraft; (2) revised §23.2430(a)(6) to include criteria from §27.952 to account 
for powered lift configurations; and (3) deleted §23.2430(b)(4) for consistency with §25, §27 
and §29. The X-57, during Mod IV, conducts its flight test of the Distributed Electric Propulsion 
(DEP) system that will provide significant publicly available data of benefit to revisions 
reflected in (1) and (2), and MOCs. 

Powerplant induction and exhaust systems (§23.2435): The FAST gap analysis made no 
revisions to this section. Information from the X-57 SCEPTOR of benefit, such as the 
performance of the battery exhaust system, to regulations and MOCs will be made available. 

Powerplant fire protection (§23.2440): The FAST gap analysis made no revisions to this 
section. Information from the X-57 SCEPTOR of benefit, such as the battery containment 
system, to regulations and MOCs will be made available. 

4.1.6.Normal Category Airplanes, F, Equipment 

Airplane level systems requirements (§23.2500): The FAST gap analysis made no revisions to 
this section. Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be 
made available. 

Function and installation (§23.2505): The FAST gap analysis made no revisions to this section. 
Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

Equipment, systems, and installations (§23.2510): The FAST gap analysis made no revisions to 
this section. Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be 
made available. 

Electrical and electronic system lightning protection (§23.2515): The FAST gap analysis 
revised §23.2515 to account for configurations with electronic flight and propulsion control 
systems. Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made 
available. 

High-intensity Radiated Fields (HIRF) protection (§23.2520): The FAST gap analysis made no 
revisions to this section. Information from the X-57 SCEPTOR of benefit, such as the NASA 
Electric Aircraft Testbed (NEAT) electromagnetic interference tests, to regulations and MOCs 
will be made available. 
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System power generation, storage, and distribution (§23.2525): The FAST gap analysis made 
no revisions to this section. Information from the X-57 SCEPTOR of benefit, such as the power 
architecture and integrated power and control specifications and tests, to regulations and 
MOCs will be made available. 

External and cockpit lighting (§23.2530): The FAST gap analysis made no revisions to this 
section. Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made 
available. 

Safety equipment (§23.2535): The FAST gap analysis made no revisions to this section. 
Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

Flight in icing conditions (§23.2540): The FAST gap analysis revised  §23.2540 to allow for 
future means of complying with flight in icing, and §23.2540(b) to reflect the change from stall 
speed to minimum flight speed. Since the X-57 SCEPTOR is based on the Tecnam P2006T, and 
there are restrictions from operating in known icing conditions as part of its type certificate 
data sheet. Accordingly, there will be no experience generated from the X-57 SCEPTOR 
regarding flight in icing protection. 

Pressurized systems elements (§23.2545): The FAST gap analysis made no revisions to this 
section. The operational profile for the X-57 SCEPTOR precludes the requirement for 
pressurization. Accordingly, there will be no experience generated from the X-57 SCEPTOR 
regarding pressurized systems. 

Equipment containing high-energy rotors (§23.2550): The FAST gap analysis deleted §23.2550 
as its intent is covered in §23.2250(c) and for harmonization. 

4.1.7.Normal Category Airplanes, G, Flightcrew Interface and Other Information 

Flightcrew interface (§23.2600): The FAST gap analysis revised §23.2600(a) to reflect 
applicable modes and phases of flight, and §23.2600(b) to accommodate non-traditional pilot-
aircraft interfaces; and deleted §23.2600(c) as it is better addressed by MOC. Information from 
the X-57 SCEPTOR of benefit, such as the simulation and flight test of displays, to regulations 
and MOCs will be made available. 

Installation and operation (§23.2605): The FAST gap analysis made no revisions to this 
section. Information from the X-57 SCEPTOR of benefit, such as the simulation and flight test 
of displays, to regulations and MOCs will be made available. 

Instrument markings, control markings, and placards (§23.2610): The FAST gap analysis 
made no revisions to this section. Information from the X-57 SCEPTOR of benefit, such as the 
simulation and flight test of displays, to regulations and MOCs will be made available. 

Flight, navigation, and powerplant instruments (§23.2615): The FAST gap analysis revised 
§23.2615(a) to reflect both phases and modes of flight, and revised §23.2615 (b)(2) to clarify 
applicability. Information from the X-57 SCEPTOR of benefit, such as the simulation and flight 
test of displays, as well as telemetered data, to regulations and MOCs will be made available. 
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Airplane flight manual (§23.2620): The FAST gap analysis revised §23.2620 to remove (b)(1) 
and (b)(2) which may be reflected in MOC. Information from the X-57 SCEPTOR of benefit, such 
as the operational procedures and performance to those procedures, to regulations and MOCs 
will be made available. 

4.2. Summary of Aircraft Engines Regulations (FAR 33) and X-57 
Installation of electric propulsion units, electrical storage systems and distributed electric 
propulsion were not envisioned when 14 CFR part 33 was created.  

The aircraft engine regulations, Part 33—Airworthiness Standards: Aircraft Engines , was 12

reviewed to examine how the X-57 SCEPTOR might contribute to the regulations and ASTM 
MOC. The review focused on FAR 33, Subpart A, General; Subpart B, Design and Construction-
General; Subpart C, Design and Construction-Reciprocating Aircraft Engines; and Subpart D, 
Block Tests-Reciprocating Aircraft Engines. 

The X-57 SCEPTOR Power and Command Integrated Product Team produced a report, “Electric 
Cruise Motor Testing Standards,”  the purpose of which was to provide testing insight for the 13

X-57 Maxwell SCEPTOR regarding the Cruise Motor Test and any applicable aircraft engine 
testing requirements under the Federal Aviation Regulations (FAR) Part 33. The requirements 
were used as guidelines and not stringent requirements. However, as part of the X-57 Maxwell 
testing, new aircraft electric motor testing standards are likely to be developed. Therefore, a 
thorough examination of the current testing requirements will help shape the new aircraft 
electric motor testing regulations in the future. A matrix of proposed test methods was 
proposed and tabulated against the FAR 33. These items are identified in the PCM and 
reflected below. 

A cursory review of the turbine aircraft engine Subpart E, Design and Construction-Turbine 
Aircraft Engines; and Subpart F, Block Tests-Turbine Aircraft Engines, revealed that to a first-
order, few of the sections would be informed by the X-57 SCEPTOR technology. The sections of 
FAR 33, subpart E, Design and Construction-Turbine Aircraft Engines, such as §33.62, Stress 
analysis; §33.63, Vibration; §33.70, Engine life-limited parts; §33.71, Lubrication system; 
§33.73, Power or thrust response; §33.74, Continued rotation; and §33.75, Safety analysis, may 
benefit from the X-57 SCEPTOR technology demonstration. The sections of FAR 33, subpart F, 
Block Tests for Turbine Aircraft Engines, such as §33.83, Vibration test; §33.85, Calibration 
tests; §33.87, Endurance test; §33.89, Operation test; §33.90, Initial maintenance inspection 
test; §33.91, Engine system and component tests; and §33.95, Engine-propeller systems tests 
may benefit from the X-57 SCEPTOR technology demonstration. But the benefit assessment for 
both of those subparts is for a subsequent report. 

 14 CFR 33, General, Design and Reciprocating Aircraft Engines, Dated 3 October 2018, (https://www.ecfr.gov/cgi-bin/retrieveECFR?12

&n=pt14.1.33)

 ”Electric Cruise Motor Testing Standards: FAR-Part 33: Airworthiness Standards: Aircraft Engines, Selected sections pertaining to an electric 13

aircraft motor,” NASA AFRC, 10/20/2016.
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The Means of Compliance (MOC) for Electric Propulsion Units (EPU) was developed under ASTM 
Committee F39.05 and is a draft standard “Design of Electric Propulsion Units for General 
Aviation Aircraft” . It is intended to contain both the regulatory and standards language, and 14

as it evolves, the regulatory language will be excerpted for use by the FAA, and the remaining 
language will contain the pure standard language. 

4.2.1.Aircraft Engines, Subpart A—General 

Applicability (§33.1): Applicable uncharged. 

General (§33.3): Applicable uncharged. 

Instructions for Continued Airworthiness (§33.4): The MOC in the draft WK47374, §5.1 are 
applicable.  

Instruction manual for installing and operating the engine (§33.5): The MOC in the draft 
WK47374, §5.2 are applicable. Information from the X-57 SCEPTOR of benefit, such as the 
power architecture and integrated power and control specifications, to regulations and MOCs 
will be made available. 

Engine ratings and operating limitations (§33.7): The MOC in the draft WK47374, §5.3 are 
applicable. Information from the X-57 SCEPTOR of benefit, such as the electric motor ratings 
and operating limitations (identified in the ORD, for example), to regulations and MOCs will be 
made available. 

Selection of engine power and thrust ratings (§33.8): The MOC in the draft WK47374, §5.3, in 
particular §5.3.3, et sequa, are applicable. Information from the X-57 SCEPTOR of benefit, 
such as the electric motor ratings and operating limitations (identified in the ORD, for 
example), to regulations and MOCs will be made available. 

4.2.2.Aircraft Engines, Subpart B—Design and Construction 

Applicability (§33.11): Applicable uncharged. 

Materials (§33.15): The MOC in the draft WK47374, §5.5 are applicable. Information from the 
X-57 SCEPTOR of benefit, such as the electric motor materials, to regulations and MOCs will be 
made available. 

Fire protection (§33.17): The MOC in the draft WK47374, §5.6 are applicable. Information 
from the X-57 SCEPTOR of benefit, such as the battery containment, to regulations and MOCs 
will be made available. 

Durability (§33.19): The MOC in the draft WK47374, §5.7 are applicable. Information from the 
X-57 SCEPTOR of benefit, such as a durability test on the Airvolt, to regulations and MOCs will 
be made available. 

 ASTM F39.05, WK47374 Design of Electric Propulsion Units for General Aviation Aircraft, DRAFT STANDARD, 14

“ITEM_2_EPU_WK47374_v2.pdf” Dated 31 July 2018, in revision. (https://compass.astm.org/CUSTOMERS/COLLAB/FILES/
10514620180905_WKGROUP.pdf)
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Engine cooling (§33.21): The MOC in the draft WK47374, §5.8 are applicable. Information from 
the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

Engine mounting attachments and structure (§33.23): The MOC in the draft WK47374, §5.8 
are applicable. Information from the X-57 SCEPTOR of benefit, such as wingtip mounting of the 
engines, to regulations and MOCs will be made available. 

Accessory attachments (§33.25): Applicable uncharged. 

Turbine, compressor, fan, and turbosupercharger rotor overspeed (§33.27): The MOC in the 
draft WK47374, §5.9 are applicable. Information from the X-57 SCEPTOR of benefit to 
regulations and MOCs will be made available. 

Engine control systems (§33.28): The MOC in the draft WK47374, §5.10 are applicable. 
Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

Instrument connection (§33.29): The MOC in the draft WK47374, §5.11 are applicable. 
Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

4.2.3.Aircraft Engines, Subpart C—Design and Construction; Reciprocating Aircraft Engines 

Applicability (§33.31): Applicable uncharged. 

Vibration (§33.33): The MOC in the draft WK47374, §5.12 are applicable. Information from the 
X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

Turbocharger rotors (§33.34): Not applicable. 

Fuel and induction system (§33.35): Not applicable. (This may be an area where energy 
storage system and distribution may be a consideration.) 

Ignition system (§33.37): Not applicable. 

Lubrication system (§33.39): The MOC in the draft WK47374, §5.16 are applicable. 
Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

4.2.4.Aircraft Engines, Subpart D—Block Tests; Reciprocating Aircraft Engines 

Applicability (§33.41): Applicable uncharged. 

General (§33.42): Applicable uncharged. 

Vibration test (§33.43): The MOC in the draft WK47374, §5.20.3, Vibration test are applicable. 
Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be made available. 

Calibration tests (§33.45): The MOC in the draft WK47374, §5.20.6, calibration test are 
applicable. Information from the X-57 SCEPTOR of benefit to regulations and MOCs will be 
made available. 

Detonation test (§33.47): Not applicable. 
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Endurance test (§33.49): The MOC in the draft WK47473, §§5.20.2, Endurance and durability 
test are applicable. Information from the X-57 SCEPTOR durability test plan, and subsequent 
test data of benefit to regulations and MOCs will be provided. 

Operation test (§33.51): The MOC in the draft WK47473, §§5.20.7, Operation test are 
applicable. Information from the X-57 SCEPTOR electric cruise motor test plan, and subsequent 
test data of benefit to regulations and MOCs will be provided. 

Engine system and component tests (§33.53): The MOC in the draft WK47473, §§5.20.XXXX, 
YYYY test are applicable. Information from the X-57 SCEPTOR electric cruise motor test plan, 
and subsequent test data of benefit to regulations and MOCs will be provided. 

Teardown inspection (§33.55): The MOC in the draft WK47473, §§5.22, Teardown inspection 
are applicable. Information from the X-57 SCEPTOR electric cruise motor test plan, and 
subsequent test data of benefit to regulations and MOCs will be provided. 

General conduct of block tests (§33.57):  

4.2.5.Aircraft Engines, Subpart F-Block Tests; Turbine Aircraft Engines 

Engine overtorque test (§33.84): When approval is sought for a transient maximum EPU 
overtorque, the turbine engine section is appropriate, and the draft WK47374 §5.20.4 is 
applicable. This test will become part of endurance test procedures (WK47374, §5.20.3) if 
elected to be pursued. Results from the X-57 SCEPTOR endurance test as planned in 
“Propulsion Systems Acceptance Testing on Airvolt” will be provided as available. 

Engine overtemperature test  (§33.88): When approval is sought for an EPU overtemperature, 
the turbine engine section is appropriate, and the draft WK47374 §5.20.5 is applicable. This 
test will become part of endurance test procedures (WK47374, §5.20.3) if elected to be 
pursued. Results from the X-57 SCEPTOR endurance test as planned in “Propulsion Systems 
Acceptance Testing on Airvolt” will be provided as available. 

4.3. Summary of Propellers Regulations (FAR 35) and X-57 
Installation of electric propulsion units, electrical storage systems and distributed electric 
propulsion were not envisioned when 14 CFR part 33 was created.  

The X-57 SCEPTOR is based on a Tecnam P2006T, and while the wing and motors have been 
modified, the propeller is the same propeller as approved in the Type Certificate Data Sheet, 
which are two MT Propeller MTV-21. The data derived from the X-57 SCEPTOR will baseline 
performance during Mod I and II, and during Mods III and IV will be evaluated with the electric 
power unit.  

In addition to the “tractor motor” propellers (those used for cruise flight), the X-57 SCEPTOR 
has propellers designed for the Distributed Electric Propulsion demonstrations and are only 
used for take-off and landing, and stowed in flight. This presents a unique opportunity to 
inform FAR 35 with a high-lift device technology. 
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The regulations for FAR 35, Airworthiness Standards: Propellers  will be reviewed by subpart.  15

4.3.1.Propellers, Subpart A—General 

Applicability (§35.1): Applicable uncharged. 

Propeller configuration (§35.2): Applicable uncharged. 

Instructions for propeller installation and operation (§35.3): Applicable uncharged for cruise 
motor propellers. Will provide unique DEP propeller data. 

Instructions for Continued Airworthiness (§35.4): Applicable uncharged for cruise motor 
propellers. Will provide unique DEP propeller data. 

Propeller ratings and operating limitations (§35.5): Applicable uncharged for cruise motor 
propellers. Will provide unique DEP propeller data. 

Features and characteristics (§35.7): Applicable uncharged for cruise motor propellers. Will 
provide unique DEP propeller data. 

4.3.2.Propellers, Subpart B—Design and Construction  

Safety analysis (§35.15): Applicable uncharged for cruise motor propellers. Will provide unique 
DEP propeller data. 

Propeller critical parts (§35.16): Applicable uncharged for cruise motor propellers. Will 
provide unique DEP propeller data. 

Materials and manufacturing methods (§35.17): Applicable uncharged for cruise motor 
propellers. Will provide unique DEP propeller data. 

Durability (§35.19): Applicable uncharged for cruise motor propellers. Will provide unique DEP 
propeller data. 

Variable and reversible pitch propellers (§35.21): XXXXX 

Feathering propellers (§35.22): Applicable unchanged for MTV-21. Will provide unique DEP 
propeller data. 

Propeller control system (§35.23): Applicable unchanged for MTV-21. Will provide unique DEP 
propeller data. 

Strength (§35.24): Applicable unchanged for MTV-21. Will provide unique DEP propeller data. 

4.3.3.Propellers, Subpart C—Tests and Inspections 

General (§35.33): Applicable unchanged for MTV-21. Will provide unique DEP propeller data. 

 14 CFR 35, Dated 3 October 2018, (https://www.ecfr.gov/cgi-bin/retrieveECFR?&n=pt14.1.35)15
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Inspections, adjustments and repairs (§35.34): Applicable unchanged for MTV-21. Will provide 
unique DEP propeller data. 

Centrifugal load tests (§35.35): Applicable unchanged for MTV-21. Will provide unique DEP 
propeller data. 

Bird impact (§35.36): No tests conducted. 

Fatigue limits and evaluation (§35.37): Applicable unchanged for MTV-21. Will provide unique 
DEP propeller data. 

Lightning strike (§35.38): No tests conducted. 

Endurance test (§35.39): Tested with the MTV-21 attached during Airvolt electric motor 
durability tests. 

Functional test (§35.40): No tests conducted with electric motor. 

Overspeed and overtorque (§35.41): Tested as part of the overspeed and overtorque electric 
motor tests. 

Components of the propeller control system (§35.42): No specific test conducted. 

Propeller hydraulic components (§35.43): No specific test conducted. 

4.4. Accounting for Electric Storage Systems in the FAR and X-57 
Currently there is no reference for Electric Storage Systems (ESS, such as batteries in the case 
of the X-57 SCEPTOR) within the Federal Aviation Regulations. The approach is to fit ESS 
certification within references to fuel and-or fuel systems within FAR 23 and 33. The current 
means of compliance for ESS is the ASTM Committee F39.05 under the draft WK56255 . This 16

draft standard is, as of this report, in flux.  

There are five germane section within the current draft of WK56255. Those are: §6. Data 
requirements; §7. Design criteria; §8. Performance; §9. Safety requirements; and §10. Testing 
and qualification requirements. 

The X-57 SCEPTOR program has extensive design and test data that will be provided to the 
ASTM committee during Mod II, as well as Mod III and IV.  

5. Conclusion 
None of the Federal Aviation Regulations envisioned electric propulsion when the regulations 
were promulgated. Further, most of the technology for spark ignition reciprocating engines had 
been innovated decades ago, so that subsequent certifications of newer reciprocating engines 
had an heritage, along with legacy means of compliance so that certification was clear-cut.  

 ASTM F39.05, WK56255, Design of Electric Propulsion Energy Storage Systems for General Aviation Aircraft, DRAFT STANDARD, Dated 21 May 16

2018, “WK56255-6.docx”, (https://compass.astm.org/CUSTOMERS/COLLAB/FILES/WK56255-6.docx)
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Recent technology innovations in vehicle concepts and the technology that support the vehicles 
have pushed the limits of their ability to be certified. The FAA’s recent response to that 
challenge with its regulation by objective, supported by the update of FAR 23 to amendment 
23-64 show a remarkable intent to adapt to the technology challenge. In particular, the ASTM 
committees to develop standards that support these standards are laudable.  

Accordingly, there can now be made a clear mapping between the regulations and certification 
criteria and the X-57 SCEPTOR program. The results of planning and tests from the program is 
able to address still-open questions and challenges in the development of the means of 
compliance to the ASTM standards, as well as gaps between the existing regulations and the 
new vehicles that are pushing innovative technologies. 

This report describes a generic method for addressing any new technology to its associated set 
of regulations and certification criteria. The result is a framework under which a detailed 
assessment can be conducted. 

Using just such a framework, the report maps the detailed updated regulations and evolving 
ASTM standards to the particular technology planning and tests. 

As a result, a roadmap of NASA technology is documented that shows clear transfer of 
technology data to industry (standards developers, as well as technology developers) and the 
FAA regulatory policy and certification staff upon whom certification and policy will be data-
driven. 

The framework also revealed the significant contributions that NASA X-57 SCEPTOR will make 
to the industry and regulatory-standards community: Distributed Electric Propulsion technology 
demonstration will directly affect most of the revision in the FAST Gap Analysis and provides a 
foundation for eVTOL technology; and the cruise motor contributes directly to WK47374 MOC. 

It is important to note that the means by which the NASA X-57 SCEPTOR project contributes to 
the industry and regulators is through the active participation in the specific technical 
subcommittees of the ASTM Committee F44 on General Aviation Aircraft and Committee F39 on 
Aircraft Systems. Through this participation, the knowledge of the NASA X-57 SCEPTOR will 
make immediate and lasting contributions to the industry and regulators. 

In addition to identifying contributions, the framework also exposed gaps in the technology 
program to standards community needs, such as the effect of icing on EPU operation. 

The framework highlighted a need for some form of regulatory references for Electric Storage 
System regulations. While this may begin with the use of a Special Condition, and after 
sufficient applications and a recognized need for such, potentially the regulators may consider 
a regulation. 

The framework identified some regulations in need of revision. For example, FAR 33.47, 
Detonation test, is only applicable to spark ignition, reciprocating engines, and is not 
applicable to electric propulsion units. Another regulation, FAR 33.49, Endurance test, 
Reciprocating Aircraft Engines (and, perhaps, FAR 33.87, Endurance test, Turbine Aircraft 
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Engines), requires some fundamental reexamination, as to its test objectives and subsequent 
methods, practices and means of testing. 

Further, the unique approach to high-lift in the X-57 SCEPTOR project of  Distributed Electric 
Propulsion, and in particular, the use of folding-blade propellers on the smaller motors, has no 
reference in FAR 33, Aircraft Engines, or FAR 35, Propellers. And while the European Aviation 
Safety Agency has certified a number of gliders with folding propellers, there does not appear 
to be any references in their regulation CS-P (equivalent to FAR 33). In this case, The NASA 
requirements, specifications and technical reports must contribute to the technical 
subcommittees in ASTM Committee F44 on General Aviation Aircraft and Committee F39 on 
Aircraft Systems, which are focusing on Distributed Electric Propulsion, and provide these 
technical subcommittees with the NASA data. 

Future work should include the development of new standards and means of compliance based 
on the new insights from the NASA X-57 SCEPTOR flight project. Planning for and contributing 
to the ASTM standards process must become a key objective of the project. 

Additional work should be considered to streamline the collection of the data used to 
implement the results of this report. Application of a formal Model-Based Systems Engineering 
techniques will make the application of the approach used in this report much more agile to 
future projects, and would provide the means to assess trades of standards versus technology 
versus regulatory approach, much more agile, while maintaining the integrity of the approach 
described in this report.  

Further, this approach described within this report should be applied to future NASA projects. 
The concept of NASA playing a key role, not only to industry, but also to the development of 
new standards and the application of those new standards to the evolution of regulatory 
material, should be a significant consideration in the decision-making of a new project. 
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Appendix A, The “Proposed Compliance Matrix” (PCM) Deconstructed 

The	following	tables	reflect	the	Proposed	Compliance	Matrix,	PCM,	for	each	of	the	Federal	Avia>on	
Regula>ons,	and	shows	the	paragraph-level	reference	from	the	FAR,	any	notes,	an	assessment	of	the	
applicability	to	electric	propulsion	(unchanged,	tailored	or	revised,	from	Figure	5,	in	sec>on	2.2),	a	
reference	to	the	current	Means	of	Compliance	referencing	an	ASTM	standard	(or	draI	standard,	as	
applicable),	and,	finally	an	entry	reflec>ng	the	source	of	X-57	SCEPTOR	Mod	I,	II,	III	or	IV	reference.	

Table	A-1	shows	the	PCM	for	FAR	23,	while	A-2	reflects	FAR	33	and	A-3	shows	FAR	35.	
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t v
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rd
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t b
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st
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) I

t r
ec
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ve

s 
its
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 p

ow
er
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 th
e 
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s 

th
at

 p
ro
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e 
m

ax
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um
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y 
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n 
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t v
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 re
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ou

t j
eo
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rd

iz
in

g 
se
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ic

e 
to
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en
tia

l o
r e

m
er
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nc

y 
lo

ad
s.
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 (i

i) 
It 

re
m

ai
ns

 p
ow

er
ed
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r a

s 
lo

ng
 a

s 
po

ss
ib

le
 w
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ou

t 
je

op
ar

di
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ng
 e

m
er

ge
nc

y 
op

er
at

io
n 

of
 th

e 
ai

rp
la

ne
. ¶

 (2
) 

Th
er

e 
is

 a
n 

au
to

m
at

ic
 m

ea
ns

 to
 s

im
ul

ta
ne

ou
sl

y 
st

op
 

th
e 

re
co

rd
er

 a
nd

 p
re

ve
nt

 e
ac

h 
er
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ur

e 
fe

at
ur

e 
fro

m
 

fu
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tio
ni

ng
, w

ith
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0 

m
in

ut
es
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fte

r c
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sh
 im

pa
ct
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Th

er
e 

is
 a

n 
au

ra
l o

r v
is

ua
l m

ea
ns
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r p

re
fli

gh
t c

he
ck

in
g 

of
 th

e 
re

co
rd

er
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r p
ro

pe
r o

pe
ra

tio
n.
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) A
ny

 s
in

gl
e 

el
ec

tri
ca

l f
ai

lu
re

 e
xt

er
na

l t
o 

th
e 

re
co

rd
er

 d
oe

s 
no

t 
di

sa
bl

e 
bo

th
 th

e 
co

ck
pi

t v
oi

ce
 re

co
rd

er
 a

nd
 th

e 
fli

gh
t 

da
ta

 re
co

rd
er

. ¶
 (5

) I
t h

as
 a

n 
in

de
pe

nd
en

t p
ow

er
 

so
ur

ce
—

 ¶
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) T
ha

t p
ro

vi
de

s 
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 ±
1 

m
in

ut
es

 o
f e

le
ct

ric
al

 
po

w
er

 to
 o

pe
ra

te
 b

ot
h 

th
e 

co
ck

pi
t v

oi
ce

 re
co

rd
er

 a
nd
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ck
pi

t-m
ou

nt
ed
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a 
m

ic
ro

ph
on

e;
 ¶

 (i
i) 

Th
at

 is
 lo

ca
te

d 
as

 c
lo

se
 a

s 
pr

ac
tic

ab
le

 to
 th

e 
co

ck
pi

t v
oi

ce
 re

co
rd

er
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an
d 

¶ 
(ii

i) 
To

 w
hi

ch
 th

e 
co

ck
pi

t v
oi

ce
 re

co
rd

er
 a

nd
 

co
ck

pi
t-m

ou
nt

ed
 a

re
a 

m
ic

ro
ph

on
e 

ar
e 

sw
itc

he
d 

au
to

m
at

ic
al

ly
 in

 th
e 

ev
en

t t
ha

t a
ll 

ot
he

r p
ow

er
 to

 th
e 

co
ck

pi
t v

oi
ce

 re
co

rd
er
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 in

te
rru

pt
ed

 e
ith

er
 b

y 
no

rm
al

 
sh

ut
do

w
n 

or
 b

y 
an

y 
ot

he
r l

os
s 

of
 p

ow
er

 to
 th

e 
el

ec
tri

ca
l 

po
w

er
 b

us
. ¶

 (6
) I

t i
s 

in
 a

 s
ep

ar
at

e 
co

nt
ai

ne
r f

ro
m

 th
e 

fli
gh

t d
at

a 
re

co
rd

er
 w

he
n 

bo
th

 a
re

 re
qu

ire
d.

 If
 u

se
d 

to
 

co
m

pl
y 

w
ith

 o
nl

y 
th

e 
co

ck
pi

t v
oi

ce
 re

co
rd

er
 

re
qu

ire
m

en
ts
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 c

om
bi

na
tio

n 
un

it 
m

ay
 b

e 
in

st
al

le
d.
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(e
) T

he
 re

co
rd

er
 c

on
ta

in
er

 m
us

t b
e 

lo
ca

te
d 

an
d 

m
ou

nt
ed

 to
 m

in
im

iz
e 

th
e 

pr
ob

ab
ilit

y 
of

 ru
pt

ur
e 

of
 th

e 
co

nt
ai

ne
r a

s 
a 

re
su

lt 
of

 c
ra

sh
 im

pa
ct

 a
nd

 c
on

se
qu

en
t 

he
at

 d
am

ag
e 

to
 th

e 
re

co
rd

er
 fr

om
 fi

re
. ¶

 (1
) E

xc
ep

t a
s 

pr
ov

id
ed

 in
 p

ar
ag

ra
ph

 (e
)(2

) o
f t

hi
s 

se
ct

io
n,

 th
e 

re
co

rd
er

 c
on

ta
in

er
 m

us
t b

e 
lo

ca
te

d 
as

 fa
r a

ft 
as

 
pr

ac
tic

ab
le

, b
ut

 n
ee

d 
no

t b
e 

ou
ts

id
e 

of
 th

e 
pr

es
su

riz
ed

 
co

m
pa

rtm
en

t, 
an

d 
m

ay
 n

ot
 b

e 
lo

ca
te

d 
w

he
re

 a
ft-

m
ou

nt
ed

 e
ng

in
es

 m
ay

 c
ru

sh
 th

e 
co

nt
ai

ne
r d

ur
in

g 
im

pa
ct

. ¶
 (2

) I
f t

w
o 

se
pa

ra
te

 c
om

bi
na

tio
n 

di
gi

ta
l fl

ig
ht

 
da

ta
 re

co
rd

er
 a

nd
 c

oc
kp

it 
vo

ic
e 

re
co

rd
er

 u
ni

ts
 a

re
 

in
st

al
le

d 
in

st
ea

d 
of

 o
ne

 c
oc

kp
it 

vo
ic

e 
re

co
rd

er
 a

nd
 o

ne
 

di
gi

ta
l fl

ig
ht

 d
at

a 
re

co
rd

er
, t

he
 c

om
bi

na
tio

n 
un

it 
th

at
 is

 
in

st
al

le
d 

to
 c

om
pl

y 
w

ith
 th

e 
co

ck
pi

t v
oi

ce
 re

co
rd

er
 

re
qu

ire
m

en
ts

 m
ay

 b
e 

lo
ca

te
d 

ne
ar

 th
e 

co
ck

pi
t.

U
N

C
H

AN
G

ED

(f)
 If

 th
e 

co
ck

pi
t v

oi
ce

 re
co

rd
er
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 a
 b

ul
k 

er
as

ur
e 

de
vi

ce
, t

he
 in

st
al

la
tio

n 
m

us
t b

e 
de

si
gn

ed
 to

 m
in

im
iz

e 
th

e 
pr

ob
ab

ilit
y 

of
 in

ad
ve

rte
nt

 o
pe

ra
tio

n 
an

d 
ac

tu
at

io
n 

of
 

th
e 

de
vi

ce
 d

ur
in

g 
cr

as
h 

im
pa

ct
.
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h 
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rd
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 c
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 ¶
 (1

) B
e 

ei
th

er
 

br
ig

ht
 o

ra
ng

e 
or

 b
rig

ht
 y

el
lo

w
; ¶

 (2
) H

av
e 

re
fle

ct
iv

e 
ta

pe
 a

ffi
xe

d 
to

 it
s 

ex
te

rn
al

 s
ur

fa
ce

 to
 fa

ci
lit

at
e 

its
 

lo
ca

tio
n 

un
de

r w
at

er
; a

nd
 ¶

 (3
) H

av
e 

an
 u

nd
er

w
at

er
 

lo
ca

tin
g 

de
vi

ce
, w

he
n 

re
qu

ire
d 

by
 th

e 
op

er
at

in
g 

ru
le

s 
of

 th
is

 c
ha

pt
er

, o
n 

or
 a

dj
ac

en
t t

o 
th

e 
co

nt
ai

ne
r, 

w
hi

ch
 is

 
se

cu
re

d 
in

 s
uc

h 
m

an
ne

r t
ha

t t
he

y 
ar

e 
no

t l
ik

el
y 

to
 b

e 
se

pa
ra

te
d 

du
rin

g 
cr

as
h 

im
pa

ct
.
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R
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R
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nd
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R

D
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10
, a
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m
od

at
ed

 
w

/i 
th

e 
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ta

l 
da

ta
 a

nd
 v

oi
ce

 
te

le
m

et
ry
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) E

ac
h 

fli
gh

t r
ec

or
de

r r
eq

ui
re

d 
by

 th
e 

op
er

at
in

g 
ru

le
s 

of
 th

is
 c

ha
pt

er
 m

us
t b

e 
in

st
al

le
d 

so
 th

at
—

 ¶
 (1

) I
t i

s 
su

pp
lie

d 
w

ith
 a

irs
pe

ed
, a

lti
tu

de
, a

nd
 d

ire
ct

io
na

l d
at

a 
ob

ta
in

ed
 fr

om
 s

ou
rc

es
 th

at
 m

ee
t t

he
 a

irc
ra

ft 
le

ve
l 

sy
st

em
 re

qu
ire

m
en

ts
 a

nd
 th

e 
fu

nc
tio

na
lit

y 
sp

ec
ifi

ed
 in

 
§2

3.
25

00
; ¶

 (2
) T

he
 v

er
tic

al
 a

cc
el

er
at

io
n 

se
ns

or
 is

 
rig

id
ly

 a
tta

ch
ed

, a
nd

 lo
ca

te
d 

lo
ng

itu
di

na
lly

 e
ith

er
 w

ith
in

 
th

e 
ap

pr
ov

ed
 c

en
te

r o
f g

ra
vi

ty
 li

m
its

 o
f t

he
 a

irp
la

ne
, o

r 
at

 a
 d

is
ta

nc
e 

fo
rw

ar
d 

or
 a

ft 
of

 th
es

e 
lim

its
 th

at
 d

oe
s 

no
t 

ex
ce

ed
 2

5 
pe

rc
en

t o
f t

he
 a

irp
la

ne
's 

m
ea

n 
ae

ro
dy

na
m

ic
 

ch
or

d;
 ¶

 (3
)(i

) I
t r

ec
ei

ve
s 

its
 e

le
ct

ric
al

 p
ow

er
 fr

om
 th

e 
bu

s 
th

at
 p

ro
vi

de
s 

th
e 

m
ax

im
um

 re
lia

bi
lit

y 
fo

r o
pe

ra
tio

n 
of

 th
e 

fli
gh

t d
at

a 
re

co
rd

er
 w

ith
ou

t j
eo

pa
rd

iz
in

g 
se

rv
ic

e 
to

 e
ss

en
tia

l o
r e

m
er

ge
nc

y 
lo

ad
s;

 ¶
 (i

i) 
It 

re
m

ai
ns

 
po

w
er

ed
 fo

r a
s 

lo
ng

 a
s 

po
ss

ib
le

 w
ith

ou
t j

eo
pa

rd
iz

in
g 

em
er

ge
nc

y 
op

er
at

io
n 

of
 th

e 
ai

rp
la

ne
; ¶

 (4
) T

he
re

 is
 a

n 
au

ra
l o

r v
is

ua
l m

ea
ns

 fo
r p

re
fli

gh
t c

he
ck

in
g 

of
 th

e 
re

co
rd

er
 fo

r p
ro

pe
r r

ec
or

di
ng

 o
f d

at
a 

in
 th

e 
st

or
ag

e 
m

ed
iu

m
; ¶

 (5
) E

xc
ep

t f
or

 re
co

rd
er

s 
po

w
er

ed
 s

ol
el

y 
by

 
th

e 
en

gi
ne

-d
riv

en
 e

le
ct

ric
al

 g
en

er
at

or
 s

ys
te

m
, t

he
re

 is
 

an
 a

ut
om

at
ic

 m
ea

ns
 to

 s
im

ul
ta

ne
ou

sl
y 

st
op

 a
 re

co
rd

er
 

th
at

 h
as

 a
 d

at
a 

er
as

ur
e 

fe
at

ur
e 

an
d 

pr
ev

en
t e

ac
h 

er
as

ur
e 

fe
at

ur
e 

fro
m

 fu
nc

tio
ni

ng
, w

ith
in

 1
0 

m
in

ut
es

 
af

te
r c

ra
sh

 im
pa

ct
; ¶

 (6
) A

ny
 s

in
gl

e 
el

ec
tri

ca
l f

ai
lu

re
 

ex
te

rn
al

 to
 th

e 
re

co
rd

er
 d

oe
s 

no
t d

is
ab

le
 b

ot
h 

th
e 

co
ck

pi
t v

oi
ce

 re
co

rd
er

 a
nd

 th
e 

fli
gh

t d
at

a 
re

co
rd

er
; a

nd
 

¶ 
(7

) I
t i

s 
in

 a
 s

ep
ar

at
e 

co
nt

ai
ne

r f
ro

m
 th

e 
co

ck
pi

t v
oi

ce
 

re
co

rd
er

 w
he

n 
bo

th
 a

re
 re

qu
ire

d.
 If

 u
se

d 
to

 c
om

pl
y 

w
ith

 
on

ly
 th

e 
fli

gh
t d

at
a 

re
co

rd
er

 re
qu

ire
m

en
ts

, a
 

co
m

bi
na

tio
n 

un
it 

m
ay

 b
e 

in
st

al
le

d.
 If

 a
 c

om
bi

na
tio

n 
un

it 
is

 in
st

al
le

d 
as

 a
 c

oc
kp

it 
vo

ic
e 

re
co

rd
er

 to
 c

om
pl

y 
w

ith
 

§2
3.
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57

(e
)(2

), 
a 

co
m

bi
na

tio
n 

un
it 

m
us

t b
e 

us
ed

 to
 

co
m

pl
y 

w
ith

 th
is

 fl
ig

ht
 d

at
a 

re
co

rd
er

 re
qu

ire
m

en
t.
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) E
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h 

no
n-
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ec

ta
bl

e 
re

co
rd

 c
on

ta
in

er
 m

us
t b

e 
lo

ca
te

d 
an

d 
m

ou
nt

ed
 s

o 
as

 to
 m

in
im

iz
e 

th
e 

pr
ob

ab
ilit

y 
of

 c
on

ta
in

er
 ru

pt
ur

e 
re

su
lti

ng
 fr

om
 c

ra
sh

 im
pa

ct
 a

nd
 

su
bs

eq
ue

nt
 d

am
ag

e 
to

 th
e 

re
co

rd
 fr

om
 fi

re
. I

n 
m

ee
tin

g 
th

is
 re

qu
ire

m
en

t, 
th

e 
re

co
rd

 c
on

ta
in

er
 m

us
t b

e 
lo

ca
te

d 
as

 fa
r a

ft 
as

 p
ra

ct
ic

ab
le

, b
ut

 n
ee

d 
no

t b
e 

af
t o

f t
he

 
pr

es
su

riz
ed

 c
om

pa
rtm

en
t, 

an
d 

m
ay

 n
ot

 b
e 

w
he

re
 a

ft-
m

ou
nt

ed
 e

ng
in

es
 m

ay
 c

ru
sh

 th
e 

co
nt

ai
ne

r u
po

n 
im

pa
ct
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) A

 c
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tio
n 

m
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t b
e 
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ta
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he
d 

be
tw

ee
n 

th
e 

fli
gh

t 
re

co
rd

er
 re

ad
in

gs
 o

f a
irs

pe
ed

, a
lti

tu
de

, a
nd

 h
ea

di
ng

 
an

d 
th

e 
co

rre
sp

on
di

ng
 re

ad
in

gs
 (t

ak
in

g 
in

to
 a

cc
ou

nt
 

co
rre

ct
io

n 
fa

ct
or

s)
 o

f t
he

 fi
rs

t p
ilo

t's
 in

st
ru

m
en

ts
. T

he
 

co
rre

la
tio

n 
m

us
t c

ov
er

 th
e 

ai
rs

pe
ed

 ra
ng

e 
ov

er
 w

hi
ch

 
th

e 
ai

rp
la

ne
 is

 to
 b

e 
op

er
at

ed
, t

he
 ra

ng
e 

of
 a

lti
tu

de
 to

 
w

hi
ch

 th
e 

ai
rp

la
ne

 is
 li

m
ite

d,
 a

nd
 3

60
 d

eg
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es
 o

f 
he

ad
in

g.
 C

or
re

la
tio

n 
m

ay
 b

e 
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ta
bl

is
he

d 
on

 th
e 

gr
ou

nd
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ia

te
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) B
e 

ei
th

er
 

br
ig

ht
 o
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ng

e 
or

 b
rig
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 y
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w
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 (2
) H

av
e 

re
fle

ct
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e 
ta

pe
 a

ffi
xe

d 
to

 it
s 

ex
te

rn
al
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ur

fa
ce

 to
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at
e 

its
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tio
n 
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r w
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; a

nd
 ¶

 (3
) H

av
e 

an
 u

nd
er

w
at

er
 

lo
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 p
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at
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e 
pr

oc
es

s 
un

de
r a

n 
ap

pr
ov

ed
 p

ro
ce

ss
 

sp
ec

ifi
ca

tio
n.

N
O

 C
H

AN
G

E
U

N
C

H
AN

G
ED

(c
) E

xc
ep

t a
s 

pr
ov

id
ed

 in
 p

ar
ag

ra
ph

s 
(f)

 a
nd

 (g
) o

f t
hi

s 
se

ct
io

n,
 th

e 
ap

pl
ic

an
t m

us
t s

el
ec

t d
es

ig
n 

va
lu

es
 th

at
 

en
su

re
 m

at
er

ia
l s

tre
ng

th
 w

ith
 p

ro
ba

bi
lit

ie
s 

th
at

 a
cc

ou
nt

 
fo

r t
he

 c
rit

ic
al

ity
 o

f t
he

 s
tru

ct
ur

al
 e

le
m

en
t. 

D
es

ig
n 

va
lu

es
 m

us
t a

cc
ou

nt
 fo

r t
he

 p
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r t
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t d
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 c
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 c
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 d
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