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Abstract: Experimental amatetbuilt (E-AB) aircraft represent nearly Jfercentof the U.S. general aviation
fleet, but these aircraft accounted for approximatelpédrfsent of the totad and 21percentof the fatad U.S.
general aviation accidents in 2011. Experimental amddellr aircraft represent a growing segment of the

A

United St at es 6 omsagmantaHat nawnunebers nearly 38,008 airtraft.

The National Transportation Safety Boardndertook this study because of the popularity oABE
aircraft, concerns over their safety record, and the absence of a contemporary and definitive anakBis of E
aircraft safety. The study employed several differerethods and data collection procedures to carefully
examine this segment of U.S. civil aviation. This comprehensive approach resulted in a detailed characteriza
of the current EAB aircraft fleet, pilot population, and associated accidents.

Areas idatified for safety improvement include expanding the documentation requirements for initial
aircraft airworthiness certification, verifying the completion of Phabghttesting 1 mpr ovi ng pi |
transition training and supporting effortsfexilitate that training, encouraging the use of recorded data during
flight testing ensuring that buyers of usedAB aircraft receive necessary performance documentation, and
improving aircraft identification in registry records.

The NationalTransportation Safety Board (NTSB) is an independent federal agency dedicated to promoting aviation, |railroa
highway, marine, pipeline, and hazardous materials safety. Established in 1967, the agency is mandated by Congress |throug
Independent SafetiBoard Act of 1974 to investigate transportation accidents, determine the probable causes of the accidents, is:
safety recommendations, study transportation safety issues, and evaluate the safety effectiveness of government dgetdies invo

transporation. The NTSB makes public its actions and decisions through accident reports, safety studies, special investigation rep
safety recommendations, and statistical reviews.

Recent publications are available in their entirety on the Internehtf:fwvww.ntsb.gow. Other information about available
publications also may be obtained from the website or by contacting:

National Transportation Safety Board

Records Management Division, CIG40

490 L6Enfant Plaza, SW
Washington, DC 20594

(800) 8776799 or(202) 3146551

NTSB publications may be purchased, by individual copy or by subscription, from the National Technical Information Service. T
purchase this publication, order report number PBZI201 from:

National Technical Information Service
5301 $awnee Road

Alexandria, Virginia 22312

(800) 5536847 or (703) 605000

The Independent Safety Board Act, as codified at 49 U.S.C. Section 1154(b), precludes the admission into evidence TBise of N
reports related to an incideor accident in a civil action for damages resulting from a matter mentioned in the report.
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Abbreviations and Definitions

Aviation Safety Inspector (ASl) Federal Aviation AdministrationHAA) employees whc

Commercial Assistance
Provider

Demonstration Flight

Designated Airworthiness
Representative (DAR)

Experimental Aircraft
Association (EAA)

Experimental Aircraft
Associaton (EAA) Flight
Advisor

Experimental Aircraft
Association (EAA) Technical
Counselor

provide oversight of operations or maintenance
commercial or general aviation. Maintenance sa
inspectors hold an FAA Mechanic Certificate and h
experience involving maintenance and repair of airfrar
powerplants and systemsThey have responsibility fo
certifying airworthiness and the issuing of airworthin
certificates.

An individual or corporation that assists in the building
an EAB in exchange focompensation.

Preproject test flights provided by kit manufacturers
other EAB owners.

An individual appointed by theFAA to perform
examination, inspectigrand testing services necessary
the issuance of certificadeDARs authorized to issu
special airworthiness certificates for the purpose
operating amatetlouilt aircraft must possess curre
knowledge relating to the fabrication, assembénd
operating characteristics of amatdwilt aircraft. DARs
are not AA employees,and hey may charge for the
services.

The EAA was established in 1953 by a small groug
individuals interested in building their own aircraft. It r
grown to an organization of nearly 170,0®@mbers tha
exists to promote sport aviation and amateur builders.
EAA also provides a variety of technical instruction &
support programs for aircraft owners and builders.
headquarters are in Oshkoshisébnsin

An EAA member volunteer who assists the owner/bui
or buyer of a used-BB plan the first flight, find an
instructor, and suggest additional training in the aircral

An EAA member volunteer who is an experienced airc
builder, restorer, or mechaniandwho provides builders
with the technical advice on building or restoringAB
aircraft.
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Experimental Amateur-Built
(E-AB) Aircraft

General Aviation Operations

Kit Built E -AB

Letter of Deviation Authority
(LODA)

Original Design E-AB

Phase IFlight Test

Phase Il Flight

Plans Built E-AB

Transition Training

An aircraft the major portion ofwhich has beet
assembled by a person, or persons, who undertool
project for the sole purpose o$elfeducation or
recreation

An aviation operation that is operating under any péi
the Federal Aviation Regulationsxcep Title 14 Code of
Federal RegulationfCFR) Parts 121, 135, or 129.

An aircraft that is constructed from a manufactured
that may include some major sabsemblies and pre
assembled parts. These kits still require that the am.
builder perform more than orw®lf of the fabrication an
assembly tasks in order to meet the "51 percent"” rule.

A letter issued by the Administrator of the FAA tt
allows the owner of aik-AB to offer his/her aircraffor
compensation dnire for the purpose dfight instruction.

An aircraft constructed based on plans designec
completely by the owner/builder without the purchase
major subassemblies or prassembled kit components.

The flight testing phase following issuance of a spec
airworthiness certificate for operation of an amadeawiit
aircraft. Operating limitations issued for this phase rest
operation to a sparsely populated geographic area
prohibit the carrying of passengers.

Phase Il begins when the builder/owner certifies
flight testing has been completed. The geograg
limitations are generally relaxed and n@venue
passengers may be carried.

An aircraft constructed from raw materials according
published blueprints or plans prepared by an individuz
commercial entity other than the owner/builder.

The training a pilot receives when beginning to fly
unfamiliar aircraft. This triaing is meant to familiarize
the pilot with the systems and structures of the aircra
a point thahe/shecan competently operate the aircraft
his/herown.

Xi
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Federal Aviation Administration (FAA)
Documents and Regulations

FAA Advisory Circulars (AC)

AC 20-27G Titled, Certification and Operation of AmateBuilt Aircraft, this AC
provides information about FAA regulations and procedures
airworthiness certification of equipment for the purpose of oper:
amateuwbuilt aircraft.

AC 90-89A Titled, AmateusBuilt Aircraft and Ultralight Flight Testinc
Handbook, this AC provides suggestions and safeted
recommendations to assist amateur and -liikd builders in
developing individualized aircraft flight test plans.

AC 90-109 Titled, Airmen Transition to Experimental or Unfamiliar Airplane
this AC provides information and guidance to owners and pilot
experimental airplanes and to flight instructors who teact
experimental airplanes. This AC also contains trair
recommendatios for pilots of experimental airplanes in a variety
groupings based on performance and handling characteristics.

FAA Orders

Order 8130.2G This order establishes FAA procedures for airworthiness certifici
of aircraft and related equipment. The mdares contained in th
order apply to FAA ASls, and persons or organizations with dele(
authority to issue airworthiness certificates and related approvals.

Order 8130.35 This order created the AmateBuilt Aircraft National Kit Evaluation
Team (NKET) and established methodology to determine whe
kits, as manufactured, allow the builder to meet the major po
requirement.

Order 8900.1 This order stipulates that aircraft holding an experimental certifi
may not be used to provide flightaining for compensation or hir
unless a Letter of Deviation Authority is issued.

Title 14 Code of Federal Regulation&CFR)

14 CFR 21.191(g) FAA regulation establishing the experimental airworthiness certifi
for the purpose of operatirgnatewbuilt aircraft, including the majo
portion build requirement of amatehuilt aircratft.

Xii
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14 CFR 21.193

14 CFR 47.31

14 CFR 65.104

14 CFR 91.319

FAA regulation prescribing the procedures and document submi
requirements for applicants for an experimental airworthil
certificate.

FAA regulation prescribing requirements for the registration er
registration of U.S. civil aircraft.

FAA regulation prescribing the eligibility, privileges, and limitatic
of the FAA repairman certificate for the primary loler of an
amateuwbuilt aircratft.

FAA regulation prescribing operating limitations of aircraft hav
experimental airworthiness certificates.
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Executive Summary

Experimental amatetbsuilt (E-AB) aircraft represent nearly 1percentof the U.S.
general aviation fleet, but these aircraft accounted for approximatggrééniof the totab and
21 percent of the fatad U.S. general aviation (GA) accidents in 201Experimental

amatewbuilt aircraft represent a growing segment of thetUaid St at es 8 géaer al &
segment that now numbers nearly 33,000 aircraft.

The National Transportation Safety BoafdTSB) undertook this studypecause of the
popularity of EAB aircraft, concerns over their safety record, and the absencenot@mporary
and definitive analysis of BB aircraft safety.The study employed several different methods
and data collection procedures to carefully examine this segment of U.S. civil avidtien.
comprehensive approach resulted in a detailed charatien of the current HAB aircraft fleet,
pilot population, and associated accidents.

Four sources of data formed the basis of this stldngt, the NTSB performed a
retrospective analysis of accident and activity data over the last decade to cdrapsreident
experience of EAB aircraft with that of similar nofk-AB aircraft used in similar GA flight
operations. Second, the NTSB conductedepth investigations of all-BB aircraft accidents
during 2011, which provided a caseries of accidents fanore detailed analysi$hird, a broad
survey of the community of aircraft owners and builders was conducted by the Experimental
Aircraft Association (EAA) in July and Augug011, and the data were made available to the
NTSB for analysis to understanket population of EAB aircraft builders and ownerdg:inally,
discussions with EAA representatives, Federal Aviation Administration (FAA) officials,
E-AB aircraftbuilders and owners, kit manufacturers, and representativesABf &rcrafttype
clubs provied insights on £AB aircraftsafety issues and solutions.

Recommended Safety Actions

In response to the findings of this study, thetibhal Transportation Safety Boassued
12 recommendations to the Federal Aviation Administration and 4 recommenditiding
Experimental Aircraft Associatiormhe rcommendatiofinclude expanding the documentation
requirements for initial aircraft airworthiness certification, verifying the completion of Phase |
flight testing i mproving pilotsé access to transitior
that training, encouraging the use of recorded data déligig testing ensuring that buyers of
used EAB aircraft receive necessary performance documentation, apdoving aircraft
identification in registry records.

Xiv
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What the NTSB Found in This Study

The study compared the accident experience -@BEaircraft with that of similar
non-E-AB general aviation aircraft over the last decade. A detailed analysis was also conducted
of the 224 accidents, involvin®227 E-AB aircraft, that occurred during 2011These analyses
revealed the folloimg factors defining EAB aircraft accidents:

e E-AB aircraft account for a disproportionate number of total accidents and an even
more disproportionate share of fatal accidents when compattedimilar norE-AB
aircraft conducting similar flight operations.

e Accident analyses indicate that powerplant faifuand loss of control in flight are the
most common EAB aircraft accident occurrences by a large margin and that accident
occurrences are similar for both new and used aircratft.

e Structural failures have not been a common occurrence amaiydicraft.

e In comparisorwith similar norE-AB aircraft, a much higher proportion of accidents
involving E-AB aircraft occur early in the operational life of the aircratft.

e A similarly large proportion of EAB aircraft accidents occur shortly after being
purchased bya subsequent owner. For exampld, of the 224 study accidents
during 2011 occurred during the first flight by a new owner of a usa8 Bircratft.

Through further analysis of the accident record and the results of an EAA survey of
E-AB aircraft owners ad builders, the study also found:

e The majority of EAB aircraft are now built from commercial kits, rather than from
purchased plans or original designs.

o Pilots of EAB aircraft, whether involved in accidents or not, have similar, or higher,
levels of tdal aviation experience than pilots of RBPAB aircraft engaged in similar
general aviation operations.

o Pilots of EAB accident aircraft, on average, had significantly less flight experience in
the type of aircraft they were flying than pilots of AB/AB aircraft.

Finally, study analyses identified the following key issue areas to explain these findings
and recommended actions to improvAR aircraft safety.

Airworthiness Certification and Flight Testing of the E-AB Aircraft

E-AB aircraft safety islargely managed by the community ofAB aircraft builders,
owners and kit manufacturers rather thap FAA regulatory requirements. A primary focus of

! Three of the 224 accidents involved collisions between @ Eaircraft, accounting for a total of 227AB
aircraft.

XV



NTSB The Safety of Experimental Amateur-Built Aircraft

FAA regulations governing the-EB aircraft building process seeks to ensure that the major
portion ofthe construction work is done by the build&irworthiness certificates are granted to

the E-AB aircraft builder by the FAA based only on a review of documentation and-ano@e
inspection of the aircraft after it has been completédike foreign civilavi at i on aut ho
standards, there is no requirement for-gpproval of the project or iprocess inspections of
materials and workmanship. However, the study foundahatge proportion of EAB aircraft

accidents involving loss of engine power kkbbbe reduced by requiring documentation of a
functional test of aircraft fuel system as part of the initial airworthiness certification.

As part of the airworthiness certification processAE aircraft are assigned operating
limitations specifying how r@d where the aircraft can be flown-AB aircraft operating
limitations specify two phases of operation: Phasehichis applicable to the flight test period
and Phase Jlwhich goverrs normal operations once testing is compl@&wildersof E-AB are
required to certify that the flight test has been completed with an entry in the aircraft logbook.
Although FAA guidance materials are explicit in advising the builder that the objective of the
flight test is to carefully map the performance envelope of tfoeaft and develop an aircraft
flight manual, neither a flight test plan nor documentation of its accomplishment, in the form of
an aircraft flight manual, are required to be submitted to, reviewed, or accepted by an FAA
Aviation Safety Inspector (ASI) dfAA Designated Airworthiness Representative (DAR). The
study found that verifying the completion of Phagkght testingthrough a review of the flight
test records and resulting aircraft flight manual by an FAA ASI or DAR could ensure the
adequacy of EAB aircraftflight testingprior to engaging in normal Phase Il flight operations.

Glass cockpit avionics, which are capable of recording aircraft and engine performance
data, have been shown to be useful in the accomplishment of flight test objektaapority of
EAA survey respondents who were in the process of building th&B Rircraftequipped their
aircraft with such instrumentation, and @&rcentof the ownetbuilt E-AB aircraft involved in
accidents during 2011 were equipped with glass coasponics. The study found that FAA
guidance does not address the use of data recordings from avionics or other electronic devices as
part of an EAB aircraft flight test program, potentially limiting the use of an important data
source in a critical aspeof the demonstration of theAB aircrafd s ai r wor t hi ness.

The Phase | flight test period is uniquely challenging for pilots who must learn the
handling characteristics of an unfamiliar aircraft while also managing the challenges of the flight
test enwvionment and procedure®f the 224 E-AB aircraft accidents during 2011 included in
this study,32 included aircraft in the Phasdlight testingperiod, suggesting that pilots would
benefit from additional training in the safe performance -@Bcaircraft flight test operations.
Current Phase | operating | imitations precl uc
from flying in the aircraft durindlight testing The study determined that consideration should
be given to permit an additional piliot cases where test circumstances could be performed more
safely and more effectively with a second qualified pilot on board.

Availability and Quality of Transition Training

Both the accident analyses and extensive discussions with EAA members, Kit
manufcturers and EAB aircraft builders emphasized the importance of the builder receiving
appropriate and sufficient transition training to develop proficiency with the new type of aircraft
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prior to flying his/her EAB aircraft These discussions identifiedhallenges in finding
appropriate training aircraft and instructoféieir scarcity, in part, is a result of the difficulty in
obtaining an exception to the FAA regulation prohibiting a qualified instructor whs awn
E-AB aircraft from charging studentfr instruction in that aircraft. The study determined that
pilots would benefit from improved guidance regarding transition trainingAB Rircraft.

Guidance for Purchasers of Used E-AB Aircraft

Purchasers of used-AB aircraft face particular challengein transitioning to the new
aircraft, which are aggravated by the absence, in many cases, of the sort of comprehensive
aircraft flight manual that would be available to the owner abaE-AB aircraft. The study
found that, because there is no reviewflight test results, not all builders create an aircraft
flight manual or performance documentation for their aircraft. Absent that documentation, the
purchaser of a usef-AB aircraftis not provided with sufficient information to understand the
aircrafd s controllability t hroughout al | maneuv
characteristicsor to understand emergency procedures.

FAA and NTSB Data Limitations

Finally, the study identified shortcomings
the conduct of safety analyses and hamper notification of aircraft owners when -aocraft
enginespecific safety issues are discovered.
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1. Introduction

Experimental amateurbuilt (E-AB) aircraft represent a significant, and growing,
proportion of the General Aviation fleet in the United States and around the Wwoclarding to
t he F AAGsnerd @vdafion and Part 135 Activity Survethey account for nearly
10 percentof general aviation aircraft, and gercentof the hours flown in general aviation.
Despite a decadeng decline in overall general aviation flight activity, theAB segment has
grown both in numbers of aircraft and flight activity during this period.

E-ABs haveexperienced a disproportionatenmoer of accidents relative both to their
proportion of the general aviation fleet, and their share of general aviation flight aclivay.
overall E-AB aircraft accident rate per 1,000 aircraft is nearly twice that of compdrable
nonE-AB aircraft, and tke fatal accident rate is between 2.5 and 3 times hificpure 1shows
that these differences have remained relatively constant across the last decade.

Considered as a function of hours of flight activity, the accident rapartg between
E-AB aircraft and nonE-AB aircraft has also been consistently widée totalE-AB aircraft
accident rate per 100,000 flight hours was between 2.5 and 3 times that-BfABmircraft
between 2001 and 2010, and the fatal accident rateappoximately 4 times greater, on
average, than that of nd®tAB aircraft. The comparative accident rates per 100,000 flight hours
are shownn Figure 2

% The comparison group selected to most closely matehABEaircraft included all singlengine,
pistonpowered airplanes; pistqgowered helicopters; balloons; and gliders that were not certificated as
experimental amatetouilt aircraft.
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Total and Fatal Accident Rates per 1,000 Aircratft,
2001¢2010
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Figure 1. Comparison of accident rates per 1,000 E-AB and non-E-AB aircraft for the
2001-2010 period.
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Total and Fatal Accident Rates per 100,000 Flight
Hours, 200£2010
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Figure 2. Comparison of accident rates per 100,000 flight hours for E-AB and non-E-AB aircraft
for the 20011 2010 period.

These differences in accident risk fBrAB aircraft have been widely noted in the
aviation communityF or mer FAA Administrator Randy Babbi
in 201Q that amateub u i | t aircraft have fAitoo high an acc
10percent of the GAléet, but 27percento f  a ¢ ¢ Avihteom danalyst® such as Wanttifa
have also recognized the elevated accident risk for ambitduraircraft, while pointing out
flaws in both registration and accident data that may affect these analyses.

Believing there to be a strong basis for a safety concerniN@iienal Transportation
Safety Board N'TSB) undertook this study to identify, and provide ardapth assessment of,
the salient issues that affect this important segment of the U.S. genatibravleet. A
necessary context for this study is the unique regulatory environment, within U.S. civil aviation,
in which these aircraft are built and operated.

3Gr ady, Mary AFAA Administrator Babbitt Takes in Sunoé
4Wanttaja, Ron, Homebuilt Aircraft Safety: 199806,Kitplanes October, 2008.

> Wanttaja, Ron, AmateuBuilt Accident Report: Reviewing the Past Five Ye&8A Sport AviationVol. 6,
No. 4, April, 2012, 3035.
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1.1 Background

Most of the aircraft used in general aviatioperationsin the United State are built
under a type certificate issued to the manufacturer upon demonstration of compliance with
14 Code of Federal Regulation (CFR)Part 23. General aviation operations also include,
however, aircraft within one of several categories of the typpesfial airworthiness certificate
known as experimentaMost experimental airworthiness certificates are issued to ardatdtr
aircraft. These aircraft are built, or assembled, by hobbyists or amateur builders.

111 The FAAOGs Def i-AB Aircraftn o f an E

The FAA first identifies an aircraft as amatdauilt when it is registered with the FAA
Registration BranchF AA regul ati ons allow for aircraft ¢
original design, purchased plans, or-fabricated kit, to be gistered as arfkE-AB aircraft
provided that the builder (or builders) demonstrate that he or she has fabricated or assembled
over onehalf of the aircraft. While FAA Advisory Circular (AC) 20-27G provides general
guidance to amateur builders regarding tleniping and construction of anAB aircraft and
refers builders to technical support available from the EAA and others, its principal focus is to
communi cate and ensure compl i gpreace emittoh rtule ;i m

The major portionof the aircraft is defined as more than 50 percent of the
fabrication and assembly tapkscemtommoheyor
For example, an amatebuilt kit found on the FAA List of AmatetBuilt

Aircraft Kits has 40 percent of the fabricatiassembly completed by the kit

manufacturer.In order to be eligible for an experimental amateuitt

airworthiness certificate, and per the major portion rule, the fabrication and

assembly tasks that may be contracted out (for hire) to another iradi\imu
builder/commercial assistance center) needs to be less than 10 percent.

The experimental amatebuilt category was first adopted in Civil Aeronautics
Manual1® in 1952, and early HAB aircraftwere primarily the original designs of their builders
or aircraft built from plans shared between buildefbe first kits, which consisted of
factory-fabricated components and safsemblies, were introduced in the 1970s andbuklt
E-AB aircraftnow constitute the largest proportion of experimental diccfhe FAA publishes,
on its website, a |isting of kits that have b
portiond requi r e meThe FAA falsolisduedOrd@13@23% wHich cte@tgd) .
the AmatewBuilt Aircraft National Kit Evaluation Team (NKET)gand established a standard

® per 14 CFR 21.17b), the special airworthiness certificate categories inclymamary, restricted, linted,
light-sport, and provisional airworthiness certificates, special flight permits, and experimental certifib&tes.
special lightsport and experimental ligisport certificates were added in 2004. Ligport aircraft are
manufactured, or built frorkits, that conform to the ASTM International consensus standard rather than a type
certificate. Appendix G contains further descriptions of hggndrt aircraft.

"Ford, EdBreakingWtie Coled. FRAA Avi ati on News, Sept 22, 2011.

8us. Department of Commerce, Civil Aeronautics Administration, Civil Aeronautics Manual 1: Certification,
Identification and Marking of Aircraft and Related Products, October, 1952.
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methodology to determine whether kits, as manufactured, allow the amateur builder to meet the
major portion requirementhere is no FAA evaluation of the airworthiness of kits.

Some kit manufacturers offer both standard kits andafled quickbuild kits to reduce
the time required to complete tEeAB aircraft project.For exampleVand Aircraft Company,
offers both standardbuild and quickbuild kits for several of its modeland claims that
quick-build kits cut building time by 330 percentFigure 3s hows t he st andard V:
RV-7, a 20foot, 4-inch-long, two-seat, tailwheel airplane with a wing span of 25 fEejure 4
shows the quicluild kit for the same airplan@he FAA lists both as meeting tiiél-p er c e nt 0
rule.

Figure 3. The standard build kit for Van's RV-7 airplane.

o http://www.vansaircraft.com/public/kib.htm
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Figure 4. The quick-build kit of Van's RV-7 airplane.

1.1.2 Registration and Certification of an E-AB Aircraft

Figure 5 from FAA AC 2027G, details the steps a builder must follow to register and
certify an E-AB aircraft This AC provides general advice to the builder regarding FAA
regulations and invites the builder to contact the applicable Manufacturing Inspection District
Office or Flight Standards District Office ihe/sherequires further guidanceThere is no
requirement fo preregistration of the aircraft building project, and the builder is advised to
complete the registration forms for the new aircraft 60 to 120 days before the construction is
expected to be complete
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Figure 5. Registering and certifying an E-AB aircraft, according to FAA AC 20-27G.

9/30/2009

AC 20-27G

Figure 1. Certifying and Operating an Amateur-Built Aircraft

Applicant
Contact the responsible FAA Manufacturing Inspection District
Office (MIDO) or Flight Standards District Office (FSDO) (see
Appendix 7 to this AC for additional contact information) for the
guidance and information necessary to ensure you understand
FAA regulations for your project (recommended).
See paragraph 7.

v

Applicant
Design and/or construct the aircraft. See paragraph 8.

v

Applicant
Register the aircraft using Aeronautical Center Form (AC Form)
8050-1, Aircraft Registration Application (see Appendix 5 to this AC)
(recommended 60 to 120 days before you finish construction).
See paragraph 9.

v

Applicant
Identify and mark the aircraft. See paragraph 10,

v

Applicant
Submit a formal application using FAA Form 8130-6, Application for
Airworthiness Certificate (Amateur-Built) (see Appendix 6 to this AC),
to the nearest MIDO/FSDO office. See paragraph 11.

v

FAA
Inspect the aircraft and determine aircraft eligibility. See paragraph 12.

v

FAA
Issue a special airworthiness certificate with
appropriate operating limitations. See paragraph 13.

N

Applicant
Flight test the aircraft. See paragraph 14,

v

Applicant
Operate and maintain the aircraft. See paragraph 15.

As a part of his/her registration applicatioime builder must provide a notarized

Affidavit of Ownership for Experimental AircraffAC Form 8056388), which identifies the

aircraft and engine (if the aircraft is poweradh d

recor ds

t he

the'sheé hde r 6 s

complied withthe major portion ruleNo inspection of the aircraft is conducted at this stage.

a
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Amateurbuilt aircraft do not receive FAA typgesign approval but instead are issued a
special airworthess certificate in the experimental category following submission of an
Application for Airworthiness Certificalé and the successful completion of an FAA
airworthiness inspection and documentation review, which is conducted either by an ASI or a
DAR. In addition to satisfying the major portion requiremeBtAB builders must provide
evidence that the aircraft complies with acceptable aeronautical standards and practices. The ASI
or DAR will conduct an inspection of the completed aircraft as well assair ew of t he bu
documentation of the building process, which may include construction logs, photographs, and
reports of inspections ByAA TechnicalCounselors

Following successful completion of the inspection of the aircraft and the documentation
review, the ASI or DAR will issue an airworthiness certifi¢agnd a set of operating limitations
that are unique to the aircraft and become part of the special airworthiness certificate. Two sets
of operating limitations are typically established at time the airworthiness certificate is
issued. Phase | operating limitations are associated with an fhglat testing period during
which the aircraft must be subjected to operational testing to demonstrate that it meets the
requirements of 14 CFR 91.8(b) (i.e., the aircraft is controllabléhroughout its normal range of
speedsand throughout all the maneuvers lie executed anthe aircraft has no hazardous
operatingcharacteristics or design feature®nce the Phase | period has been completed, the
Phase Il operating limitations go into effect for an indefinite period, unless a major modification
is made to the aircraft. Therefore, Phase | operating limitations can be described as applicable to
flight testing and Phase Il can be described as noapefation of arkE-AB aircraft

1.1.3 Flight Testing During Phase |

FAA Order 8130.2G provides guidance for applicants to show compliance with
14 CFR91.319(b) after the airworthiness certificate is issued by developing and executing an
explicit flight test program in accordance with FAA AC-80A™ or comparable guidanc&he
order identifies two purposes for this test program:

(1) They ensure the aircraft has been adequately tested and determined to be safe to
fly within the aircraftoés flight envelo

(2) The fight test data is used to develop an accurate and complete aircraft flight
manual and to establish emergency procedures.

The length of this Phase | flightst period is not established by regulation, but
FAA Order 8130.2G recommends a minimum Phase tl pesiod of 25 hours for aircraft
equipped with typeertificated engine/propeller combinations and a minimum of 40 hours for
aircraft with nontype-certificated engine, propeller, or engine/propeller combinafibfikere is

10 EAA Form 813066, Application for Airworthiness Certificate.
" EAA Form 81307, Special Airworthiness Certificate.

12 Federal Aviation Administration Advisory Circular, AC 89A. AmateurBuilt Aircraft and Ultralight
Flight Testing Handbogk-AA, Washington, D.C. 1995.

13 Type-certificated engines and propellers have been manufactured according to an FAA type certificate,
non-certificatedengines and propellers have not.
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no requirement that the tegilan be presented to, or reviewed, liie FAA when the
airworthiness certificate and Phase | operating limitations are issued. Operating limitations
issued with the airworthiness certificate restrict the Phase | test flights to a geographic area that
avoics populated areas or busy airspdgaring Phase |, only those persons essential to safe

flight may be carried in the aircraft. Usually this is interpreted to preclude other than solo
operationsThe completion of Phase | flight test requirements isaatified by the builder with

an entry in the aircraft log3here is no requiremeir the FAA to review or confirnthe flight

t est data intended to demonstrate that the a
envel oped or atnldatc ofmgpn eadacec wmriatce aft fl i ght manu

1.1.4 Continuing Airworthiness of the E-AB Aircraftd Phase Il

After Phase FHlight testingis certified as complete by tieAB aircraftowner, the more
liberal Phase Il operating limitations becemffective.ln Phase Il, the geographical restrictions
are relaxed and nemevenue passengers are permitted. Ordinarily the Phase Il operating
limitations are assigned for an unlimited time peridd.experimental amatednuilt aircraft may
be piloted inPhase Il by individuals holding a private pilot or higher certifi¢afEhe operating
limitations of Phase Il require an annual condition inspectimnch isrecorded in the aircraft
logbook. Unlike typecertificated aircraft, there is no restriction onhe may perform
maintenance on an-EB aircraft, other than major changékhe annual condition inspection
requiremenimay be carried out by the aircraft builder, if he/she holds a repairman certificate
for that aircraftOtherwise the condition inspectionust be performed by an appropriatedyed
FAA-certificated mechaniclhe repairman certificate is unique to the aircraft and its builder and
does not transfer with the sale of thé\B aircraft.

14 Certain aircraft that are sport pilot eligible may be piloted by individuals holding a sport pilot cextificat

15 Title 14 CFR 65.104 defines the eligibility, privileges, and limitations of a repairman cedifieaperimental
aircraft builder. The original builder of an/&B aircraft may apply for a repairman certificagaithorizing him or
her to perform condition inspections in accordance with the operating limitations of the dieraift she
cons_truc}ted. The repairman certificate is specific to the individual and aircraft and does not transfersalth of
an aircaft.
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2. Accident Trends Across the Decade

NTSB aviation accident investigation records were used to compare the accident history
of amatewbuilt aircraft with comparable neB-AB aircraft from 2001 through 2010An
extensive review was conducted of these data to ensateaticideninvolved aircraft were
correctly identified a€-AB aircraft or nonE-AB aircraft!® In particular, aircraft identified as
having special lighsport, experimental ligkgport}’ or other categories of experimental
airworthiness certificates weremoved from the amatebuilt aircraft accident dats.

Because general aviation operations include a wide range of aircraft types, a subset of
general aviation operations and aircraft was selected to provide comparisong-#Blercraft
accident recal and exposure data. The bulk of theAB aircraft fleet is comprised of
singleengine, pistofpowered airplanes, but it also includes other categories of aircraft such as
helicopters, balloons, gliders, and gyroplalle$herefore the comparison group lseted to
most closely match B aircraft include all singleengine, pistorpowered airplanes;
pistonpowered helicopters; balloons; and gliders that are not certificated as experimental
amatewbuilt. This group included aircraft with both standard gatg and lightsport
airworthiness certificates. Similarly, the activity and accident records associated with the
comparison aircraft were limited to personal and business flights to most closely match the
activity of EAB aircraft® that are built for pemal education and recreation and are restricted
from operating for compensation or hffeThroughout the remainder of this chapter, the two
groups of aircraft -AMBd |annbéABoedeeirrrcerda ftto garso u phse.

¥previous analyses, such as Cook, Mar k, 2010. Commen
Bad DHkitplangsdarch, 2010, have criticized the accuracy in identifying amdiailr aircraft. NTSB staff
worked with the FAA to validatéhe airworthiness certification of aircraft involved in general aviation accidents
from 2001 through 2010, resulting in a net reduction of the numbed &ccidents during the period.

17 Title 14 CFR 1.1 defines the design and performance characten$ticgroup of simple, small, lightweight,
low-performance aircraft; identified #ight-sport aircraft. Title 14 CFR 21.190 also prescribes requirements for the
issuance of a special airworthiness certificate for igghurt category aircraft. A detailetiscussion of lighsport
aircraft and associated aircraft and airworthiness certification is includgpgémdix H of this report.

18 5 summary of the methodology and results of the data validation effort is included in Appendix A of this
report.

19 The 2134 accident aircraft from 2001 through 2010 validated -3 Eaircraft included 97 helicopters,
75 gyroplanes, 16 gliders, and 4 balloons.

20 Although the norE-AB group was limited to personal and business flights, HiBEaccident aircraft were
reportedly engaged in a variety of activities other than personal flying, including business, flight instruction, and air
show or air racing. In addition, there were 39486AB aircraft that were engaged in activities other than personal
or business flyindut are included in some analyses in this section because they were involved in ground or midair
collision accidents with FAB aircraft.

%L This approach likely underestimates active aircraft and flight activity and, therefore, overestimates accident
ratesassociated with the comparison group of-E0AB aircraft. However, this conservative approach was selected
to avoid overestimating the increased risks associated with anbaftéuaircraft.

10
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2.1 Aircraft Fleet and Activity

Exposure data obtained from the FAAGs annu
Survey were used to calculate accident rates per 100,000 flight hours, which provided
normalized comparisons of&B and noRE-AB aircraft accident experiences.

Figure 6shows the estimated active aircraft didure 7shows the annual flight hours
from 2001 through 2010 for-BB and norE-AB aircraft.

Estimated Active AB and NorREAB Aircraft in the
U.S., 20042010
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Figure 6. Number of active E-AB and non-E-AB aircraft annually from 2001 to 2010.
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Hours Flown by AB and NorRE-AB Aircratft,
2001c2010
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Figure 7. FAA-reported number of hours flown for E-AB and non-E-AB aircraft annually from
2001 through 2010.

2.2 Accidents as a Function of Aircraft Age

Previous comparisons of-&B aircraft accident rates to other segments of génera
aviatiorf> have sought explanations for the substantially elevated accident rates, either as a
proportion of the active aircraft fleet or of flight hodfsOne observation is that much higher
proportions of E-AB aircraft accidents occur early in the opgoaal life of the aircraft,
particularly during thePhase fflight test as a condition of airworthiness certificatiéigure 8
compares the cumulative distributions of accident aircraft from 2001 through 2010 at various
points in the total airframe lifespan (in hours) forAB and norE-AB aircraft. Direct
comparison of the airframe hours at the time of the accident is diffiecliuse of the likely
differences in the operational history of the two groups of aircraft. However, the large difference
in the number ofE-AB aircraft accidents occurring very early in the operational life of the
aircraft suggests underlying differencestvibeen the two fleets of aircraft. For example, 152 of

22 Wanttaja, RonExamining Homebuilt Aircraft Accidentg010.

23 See, for examplEAA Advisory Circular 96109, http://www.faa.gov/documentLibrary/media/Advisory
Circular/96109.pdf.
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the 1,622 accident-BB aircraft (9percen} with airframe data had fewer than 10 airframe hours
at the time of the accident, compared with only 18 of the 6,45€En8B aircraft (.3perceny
with airframe data. This is despite a total fleetaofd number of accidenisvolving, nonE-AB
aircraft being several times greater than that-éfBzaircraft.

Cumulative Distribution of EAB and Comparison
Accident Aircraft Airframe Hours, 20@2010

e NON-E-AB espsm E-AB
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<5 <10 <40 <100 <500 <1000 Total with
hour data

Airframe Hours

Figure 8. Cumulative distribution of airframe hours of E-AB and non-E-AB aircraft involved in
accidents from 2001 through 2010; 8,072 accident aircraft with available airframe hours
information.

Although these differences in accumulated airframe hours might suggest differences in
airworthiness between the two groups of aircraft, they may also be irdldidrycdifferences in
the way the aircraft are operataadmaintained and by the pilots who fly them.

13
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2.3 Comparison of Accident Characteristics

An analysis of the accident occurrences and associated phases of flight provides further
insight. E-AB and na-E-AB aircraft accident characteristics were summarized using a coding
structure developed by the Commercial Aviation Safety Team (CA®d)he International
Civil Aviation Organization (ICAO) that are useful in describing the characteristic circumstance
of aviation accident®’ For ease of aggregate analysis and interpretation, the NTSB identifies
one of theCAST-ICAO Common Taxonomy TeafCICTT) event codes as the defining event
for each accident and that is the categorization used in this report ractehize accident
circumstances. Each accident occurrence can also be associated with a CICTT phase code,
identifying the phase dfight during which araccident occurred

Figure 9compares EAB and norE-AB aircraftgroups relative to the defining event for
all accidents investigated between 2001 and 2B8idure 10compares the percentage of fatal
accidents in each major event category fékEEand noRE-AB aircraft during this period.

24 The CAST/ICAO Common Taxonomy Team (CICTTynuprised of U.S. and international government and
industry experts, has developed consensus coding of aircraft accident occurrences categories and associated phases
of flight. CICTT occurrence and phase of flight definitions and usage notes can be fahedCACTT website:
http://www.intlaviationstandards.org/

14
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Top 10 Accident Occurrence Categories fohlE
and NonEAB Aircraft, 200£2010
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Figure 9. Distribution of accidents involving E-AB and non-E-AB aircraft involving the 10 most
common CAST/ICAO occurrence categories from 2001 through 2010.
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Top 10 Fatal Accident Occurrence Categories for
E-AB and NorEAB Aircraft, 20082010
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Figure 10. Distribution of fatal accidents involving E-AB and non-E-AB aircraft involving the 10
most common occurrence categories from 2001 through 2010.

Powerplant failures and loss of aircraft control in flight were the most common accident
events for EAB aircraft, while collisions with objects or terrain and loss of control on ground
were the mst common accident events for the #6AB aircraft. A noticeably larger proportion
of E-AB aircraft accidents and fatal accidents involved system failures (either powerplant or
nonpowerplant). The difference in accident event types, and the typicattifgraes involved
with those events, identifies an important source of the historic difference in the fatal accident

rates for EAB aircraft.

16



NTSB The Safety of Experimental Amateur-Built Aircraft

Loss of aircraft controin flight was the most common event in fatal accidents for both
groups of aircraft, buE-AB aircraft experienced a noticeably greater proportion of loss of
control in flight events than the n&AB aircraft group. There is also a noticeable difference
between the fatal accident histories of the two groups related to weather, with welatedr
accident events being much less common f@Bzaircraft. This likely reflects differences in
aircraft usage associated with a smaller proportion -&BEaircraft certified for flight in
instrument meteorological conditions.

2.4 Accident Pilot Demographics

Accident records were reviewed to gain a better understanding of the role of the pilot in
the accident historyRilots of EAB aircraft involved in accidents between 2001 and 2010 were
older (median agwas57 years) than the accident pilots ohfie&-AB aircraft (median agevas
53 yearsy” Figure 11shows the median age of accident pilots involving these two groups of
aircraft each year from 2001 through 2010. Accident pilots-@éBEaircraft were consistently
older tharthose of comparison aircraft and the difference increased slightly over the period.

%5 This difference was statistically significabd@&nn-Whitney U= 6848562.0N (nonE-AB aircraf) = 7,975,N
(E-AB aircraft = 2,104)p < 0.001).
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Median Age of EAB and NorRE-AB Aircraft
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Figure 11. Median accident pilot age for E-AB and non-E-AB aircraft, 20011 2010.

The EAB aircraft accident pilots had more total flying time (medibght hourswere
1,000 hours) than the ndBAB aircraft pilots (mediarflight hourswere 810 hoursf® and a
slightly higher proportion of B aircraft pilots held commercial or airline transport pilot
certificates. These results indicate that pilots @Bt aircraft hare similar, or higher, levels of
total aviation experience than pilots of comparable aircraft engaged in similar general aviation
operations. However,-BB aircraft accident pilots had less than half (medimit hourswere

28 This difference was statistically significatdd@&nn-Whitney U= 7248897.5N (nonE-AB aircraf) = 7,824,N
(E-AB aircraft = 2,024)p < 0.001).
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61 hours) of the time in theceident aircraft type than did the pilots of RBFAB accident
aircraft (mediarflight hours were152 hoursy’

2.5 Limitations in the Analysis of Retrospective Data

The use of historical accident data alone is insufficient to provide a comprehensive
analsis of E-AB aircraft safety issuesSeveral important matters cannot be resolvear
example, lhese data do not reliably identify whether the pilot of the accidentved EAB
aircraft was the builder, the owner, or someone else. Nor do these adetiertliably identify
whether the accident flight occurred during the flight test of the aircraft. The accident records
also do not distinguish between owner/operatdait aircraft and EAB aircraft that have been
purchased used. Further, available dathto provide a description and understanding of the
broader population of BB aircraft and aviators who are not involved in accidents.

In an effort to overcome these data limitations, the NTSB analyzed two additional
datasets for this studg, detailedcaseseries dataset of-EB aircraft accidentsnvestigated by
the NTSB during 201land a survey of amateur aircraft builders and operators that was
conducted by the EAAThese are the subject of the following chapters.

Additionally, staff visited manufacturers ofA&B aircraft kits, interviewed FAA officials
and contractors, participated in discussions with the General Aviation Joint Steering Committee,
and held numerous discussions with officials and members of the H#Ayding its
Homebuilders Aircraft CounciINTSB staff also reviewed industry and government training
resources applicable to-AB aircraft construction, certification, and oversight, such as the
F A A fnisal AmateurBuilt and LightSport DAR Seminar &ining course covering mandatory
DAR training for amateubuilt or lightsport certificatiorf> andt h e  ERVAAssembly,
SportAir workshop®

27 This difference was statistically significatl@nn-Whitney U= 3759648.5N (non-E-AB aircraf) = 6,819,
N (E-AB aircraft = 1,604), p < 0.001ptatisticaltest results are provided here to illustrate differences between the
characteristics of the two groups of accident pilots. A similar patterrA® Bircraftpilot experience was observed
in the 2011 accident data, but no similar comparisons were evhthadeigh statistical testing.

8 The purpose of th course is to ensure that DARs understand FAA expectations, regulations, policy,
procedures, forms, records, and any issues unique to arbaittuand lightsport aircraft. FAA inspectors also
attendthis course.

29 This is one of a group of similarly organized workshops offered by the EAA on tpgitaining to the
assembly and operation of amatéuilt aircraftsuch as th€€ode of Federal Regulations regardamgatewbuilt
aircraft, tools requirediuring assemblyworkshop requirements, insurance, engine and propeller selection, and
flight testing The RV assembly workshop curriculum i pcnlouded
sheet metal projects, including a small airfoil sectionpatr ne d af t e r ComparyRvnwing inteéndedtor a f t
include the majority of skills necessary to build the aircraft.
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3. The Calendar Year 2011 Case-Series of E-AB
Aircraft Accidents

In order to facilitate a fuller umstanding of the circumstances BfAB aircraft
accidents, beyond that possible from the historical record, the NTSB conducted detailed
investigations of alk24 E-AB aircraft accidents involvin@27 E-AB aircraft during calendar
year 201T° These detailé investigations employed the supplementary data form shown in
appendix A This form was completed for each of these accidents to collect additional
information on aircraft performance, builder and pilot characteristics, amer dactors to
augment the data routinely collected in NTSB accident investigations. In addition, FAA
airworthiness certification files and FAA registration files were obtained for each of the accident
aircraft for which such files were availabfe.

Fifty-four of the224 accidents were fatal, claiming the lives of 67 of 30® individuals
carried aboard the accident aircr&fEigure 12shows the locations of these accidents in the
continental United States. The complete list of accidents is shosypandixF.

30 Three of the 224 accidents involved collisions between twdircraft, accounting for a total of 227AB
aircraft.

31 Two accidets involved unregistered aircraft for which such files were not available.

32 At the time of this report, 40 percent of the 227 accidents did not yet have published probable cause
statements.
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Figure 12. Locations of the 224 E-AB aircraft accidents occurring in the United States during
calendar year 2011.

An analysis of these accidents illustrates several important characteristics and features.
The most notable is that powerplant failure and loss of control in flight were the most common
factors associated with-AB aircraft accidents ocurring in 2011, the same pattern seen among
E-AB aircraftaccidents occurring between 2001 and 2010.

Additional review of the 2011 accident data provided detail abeABE&ccident aircraft
and pilots not available from review of the 20010 accidentecords. Some of the more
interesting findings are summarized below. It was found that:

e A larger proportion oEE-AB aircraft accidents in 2011 involved usedAB aircraft
comparedvith accidents involving aircraft owned by the original builder.

e A high proportion of these usedAB aircraft accidents occurred shortly after being
purchased.

e There were a greater number of accidents occurring during the first flight by the new
owner of a usedHAB aircraft comparedvith the first flight of a newly hilt aircraft.
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e Lossof control in flight was the most common occurrence for first flights of both
newly built and newly purchased aircraft

Other key findings associated with the detalledB aircraftaccidens occurring in 2011
are provided below.

3.1 Characteristics of the 224 E-AB Aircraft Accidents Occurring in
2011

Figure 13plots the CICTT codesfor the 227 E-AB aircraft involved in224 accidents
during calendar year 2011. Powerplant failures were observed in 8@ afccident aircraft,
including 8 fatal accidendsby far the leading type of occurrenddost (53 of 57) of the
powerplant failures involved airplanes, the remaining 4 accidents involved helicopters.
Type-certificatedaircraft engines failed in 4pPercentof these accidents, 3dercentinvolved
nontype-certificated aircraft engines, and 2Bercentof the powerplant failures occurred in
automotiveconversion engines. Of the 49 engines for which the origin could be established,
57 percentwere new (includig one t hat had been fAmopelcéntal | edo
were overhauled or factory reconditioned. The remainingekfentwere used engines that had
not been overhauled.A wide variety of failures were observed in these powerptarived
accidens. These include:

e A bearing on &uilderdesigned secondary shaft of a Rotorway helicopter equipped
with a new nortype-certificatedaircraft engine frozecausing a fatal accident.

¢ An improperly installed coolant hose fitting failed on an airplane paivbyea new
Subaru automotive conversion engine, causing engine overhaatiass of power.

e Loose, or crosthreaded, sparklugs on a typeertificatedContinental engine that
had been overhauled by an FAA certified mechanic, and faotary-reconditoned
Rotax aircraft engine led to two accidents.

e The rupture of an oil supply line because of abrasion from an improperly positioned
hose clamp led to the failure of a new Jabiru engine.

In many cases, the investigator was only able to determine thaengee had
experienced total or partial loss of power for undetermined reasons.

Loss of control in flight was the next highest overall occurrence and accounted for the
most fatal occurrenceslalf of the loss of control accidents occurred on takeoff diairglimb.
In a number of these accidentssufficient takeoff speed, early rotation, or too steep a climb on

33 |nternational Civil Aviation Organization, Common Taxonoffigam, Aviation Occurrence Categories
i Definitionsand Usage Notes, October 2008.

34 Among the population of AB aircraft accidents in 201150 percentof the aircraft used typeertificated
aircraft engines, 34ercentused nortype-certificated aircraft engines, 15percentused automtve conversion
engines, and percentwere unpowered gliderfor the engines whose origin could be determinegyeBfentwere
new, 29percentwere overhauledand 11lpercentwere used.
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takeoff led to aerodynamic stalls and loss of controkat least two casegpilots admitted that

their aircraft was at or over maximum gross weight, resulting in compromised climb
performance aerodynamic stglland loss of controllnadequate airspeed management on
approach and landing also led to aerodynamic stall and lossnéokin a number of other
accidentsln one instancea pilot was surprised on takeoff when the tail came up more quickly
than he expected on the first flight of the tailwheel airplane that he had built, and he flew the
aircraft into a noséigh stall an lost control.The 64-yearold student pilot had never flown a
tailwheel airplane before and did not have a tailwheel endorsement.

The next most common accident occurrences were loss of control on the ground,
abnormal runway contact, and failures of syseor components other than the powerplant.
Three ofthese accidents were fatal. Controlled flight into terrain accounted for five fatal and five
non-fatal accidents.
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CAST/ICAO Occurrence Categories f&yH
Accident Aircraft, 2011

(Includes one Midair collision between tweAB aircraft, and two Runway Incursion
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Figure 13. CAST/ICAO occurrence categories for E-AB accident aircraft, 2011.

Figure 14summarizes the phase of flight of tA27 aircraft at the time of the accident
occurrencen 2011 Landing was the phase of flight most often associated EviB aircraft
accidents, although only one of thesidentsvas fatal. As indicated previously, many of the
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loss of control in flight accidents occurred during takeoff and initial climb or during approach
and landing.

CAST/ICAO Phase of Flight for
E-AB Accident Aircraft, 2011
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Takeoff
Initial Climb
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Taxi

Unknown

Figure 14. Phase of flight for the 227 aircraft involved in the 2011 E-AB aircraft accidents.

3.1.1 E-AB Aircraft Built by Owner Versus E-AB Aircraft Bought Used

More than onéhalf (125 of 227)of the aircraft involved in accidents during 2011 had
been bought used rather than having been built by their current &wner.

Figure 15comparesCAST/ICAO occurrence categories for the accidents involvingBEe
aircraft built by their owners compared with those purchased used. The two groups of accident
aircraft appear similar with respect to the types of accidents in which greyinvolved.

3 By comparison, 23.%ercentof suney respondents reported owning a usedBtaircraft The FAAG s
aircraft registry does not include the detail necessary to determine this breakdown {&BadiiEraft.
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CAST/ICAO Occurrence Categories féyH
Aircraft Built by Owner Versus-BB Aircraft
Bought Used, 2011
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Figure 15. CAST/ICAO occurrence categories for E-AB aircraft built by owner versus E-AB
aircraft bought used, 2011.

Figure 16shows the age of the accident aircraft (years since certification) for both the
built-by-owner and boughtised aircraft. As might be expected, the accideABEaircraft that
had been bought usedere older than those built by the owner at the time of the accident. The
median years since certification was 14 for the accident aifmnathased used, compared with
3years for those built by the owneFsgure 17presents a slightly different picture. This figure
plots the years that the accident aircraft has been owned by the two groups of owners. The two
distributions are very similar and, in fact, the median time owned for the accident aircraft bought
used was 2 years, compared with 3 years for the aircraft built by their owners.
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Years Since Airworthiness Certification for
Accident EAB Aircraft Built by Owner Versus
Those Bought Used
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Figure 16. Years since certification for E-AB aircraft built by the owner versus those bought

used.
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Number of Years That the AccidentAB was
Owned by the Current Owner, 2011
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Figure 17. Years that the accident E-AB aircraft has been owned by the current owner.

3.2 Accident Pilot Demographics

The median age of accident pilots who had bought usé@@ Rircraft was 62 years
(ranging from 2088), while br those who had built their aircraft the median age was 58
(ranging from 1883). Figure 18shows the age distribution for these two groups of accident

pilots.
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Age of Accident Pilots Who Built&B Aircraft
and Those Who Bought UsedAB Aircraft, 2011
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Figure 18. Age distributions of accident pilots who had built their E-AB aircraft and those who
had bought them used.

As shown inFigure 19 most accident pilots held private pilot or higher certificates,
whether they had built their-BB aircraft or bought it used. The two groups were also similar in
total flight hours. The distribution of total flight hours are showRigure 20 and the total hours
in the accident aircraft are shown kigure 21 The boughused group showed slightly more
experience with a median of 1,550 total flight hours, compared with 1,248 hours for the pilots
who had built their EAB aircraft. Relative to experience in flying the acciderAR aircraft,
thosewho had built their EAB aircrafthad somewhat more time in the aircraft (medignals
100 hours) than those who had bought their aircraft used (megiets/0 hours).
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Bought Used E-AB Aircraft, 2011
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Figure 19. Highest pilot certificate for accident pilots who bought used E-AB aircraft and those
who built their E-AB aircraft.
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Total Flight Hours of Accident Pilots Who Built
Their EAB Aircraft and Those Who Bought Used
EAB Aircraft, 2011
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Figure 20. Total flight hours for accident pilots who built their E-AB aircraft and those who
bought used E-AB aircraft (based on data from 175 of 227 accident pilots).
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Total Hours of Experience in the Accident Aircraft
for Pilots Who Built Their AB and Those Who
Bought the Aircraft Used
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Figure 21. Total E-AB aircraft flight hours for those who built their aircraft and those who bought
used aircraft (based on data from 155 of 227 accident pilots).

3.3 E-AB Aircraft Characteristics Requiring FAA Certificate
Endorsements

E-AB aircraft vary considerably with respect to structural and performance
characteristics, some of which require specific training or a pilot logbook endorsement.
Section61.31(f) of 14CFR stipulates that ground and flight training and an endorsement in the
pi |l ot 6 sarefrequgdd tocmperate as the pilatcommand of an airplane with an engine
exceeding 200 horsepower. Section 61.31(i) of (R stipulates that pilots must receive
training and a logbook endorsement to operate tailwheel airplanes. Finally, retréatabig
gear is one of the characteristics of a complepaie®® requiring an endorsement undection
61.31(e).

Table 1shows the percentage of accident aircraft bought used and built by the owner
with each of thesalesign fetures that would have required specific training or a logbook
endorsement. Unfortunatelgata onwhetherthese logbook endorsements wéedd werenot
available for mosaccidentpilots.

36
controllable pitch propeller.
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Table 1. Accident aircraft displaying design features that would require specific training or
logbook endorsements.

Aircraft Feature Built by Owner Used E-AB Aircraft
Engine >200 HP 18% 11%
Tailwheel Equipped 40% 54%
Retractable Landing Gear 12% 11%
Total Accident Aircraft 102 125

Few accident aircraft mettieh i gh per f ormancedo definition
of more than 200 horsepower and even fewer would have required a complex aircraft
endorsement by virtue of being equipped with a retractable landing gear. However, nearly half of
the accident aircfawere equipped with tailwheel landing gear.

3.4 Characteristics of Builders and Their Aircraft

NTSB investigators were able to gather a limited amount of information on the building
experiences and building choices of #® accident EAB aircraft ownes who had built their
aircraft. Approximately 8(ercentof the aircraft built by owners of accident aircraft were kit
built and 19percentwere plansbuilt. Only one accident involved an aircraft that was an original
design. Most of the accident aircrafte r e bui It at the owner 6s home
A small number (less than ¥&rcent wer e constructed at a kit m
commercial aircraft service facility. Most were individual, rather than group, projects. About
14 percentof builders received assistance from EAA Technical Counselors and apeutent
received assistancGom aircraft kit manufacturers. About 1@ercentreported receiving
assistance from various friends, while @&centclaimed to have received nesastance during
their building project. Only 24ercentof thesel02 builders reported having had their work
inspectedby EAA Technical Counselors, DARSs, aircraft mechanics, or athpertsduring the
building project.

Table 2summarizes the principal characteristics of the accideXB Rircraft built by the
owners by the type of building project.

33



NTSB The Safety of Experimental Amateur-Built Aircraft

Table 2. Characteristics of accident E-AB aircraft built by owners.

Aircraft Characteristic Kit-Built Plans-Built Original Design
Engine Type
Type-Certificated Aircraft Engine 46% 48% 100%
Non-Type-Certificated Aircraft Engine 38% 26% 0%
Automotive Conversion 16% 26% 0%

Propeller Type

Fixed Pitch 43% 69% 0%

Ground Adjustable 24% 19% 0%

Constant Speed 33% 12% 100%
Avionics

Conventional 61% 87% 100%

Glass Cockpit 39% 13% 0%
Landing Gear Configuration

Tailwheel 39% 44% 100%

Tricycle 52% 56% 0%

Other 9% 0% 0%

Landing Gear Type
Fixed 90% 79% 100%
Retractable 10% 21% 0%

Number of Seats

One 5% 26% 100%

Two 83% 63% 0%

Three or More 12% 11% 0%
Total Accident Aircraft 82 19 1

The single accident involving an original desigrAB aircraft was a single seat,
tailwheel airplane with a typeertificated aircraft engine, constasspeed propeller, and
conventional avionicsMost kit-built and plansouilt aircraft were tweseat, fixed tricycle gear
aircraft with aircraft engines (typeertificatedor non certificated and conventional avionics.

3.5 Airworthiness Certification and Transition Training

Of the 102 accident aircraft built by the owners, 2 were unregistered arthd?
incomplete certification records. Certification records of the remaifBigccident aircraft
showed that FAA inspectors had issued an airworthiness certificate for 43 aircrBfRsdhad
issued the certificate for the remaining 54 aircraft. In most c88ex 08), the Phase | flight test
period prescribed for these aircraft was 40 hours within a restricted test area and constrained by
an explicit set of operating limitations. For 1fitbe 97accident aircrafta Phase | requirement
of 25 hours was established, whiladcident aircrafivas assigned a 50 hour requirement.
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Investigators determined the identity of the person performing the first test flight for 73
of the 102 accident aicraft built by the owner. In most of these cases{d8¢éen}, the builder
was the test pilot’ In the remaining cases for which information was available, the first test
flight was performed by a more experienced pilot, frequently a friend of the builder.

Only 9 of thel02accident aircraft builders reported having been subject to a requirement

for transition training. In most cases, that requirement was imposed by their insurance company.

Fifty-six of these builder/owners were issued repairman certiictitat authorized them to
perform required aircraftondition inspections, and an additional 12 owners held an FAA
airframe and powerplant certificate, which also permitted them to perform both maintenance and
inspections.

3.5.1 E-AB Aircraft Purchased Used

A total of 125 of the accident EAB aircraft had been bought used. Mo$1q of 125)
were airplanes, 3 wemgyroplanes 2 were gliders, and 1 was a helicoptEable 3summarizes
the important characteristics of the usedident EAB aircraft, separated by Kiuilt, plansbuilt,
and original design.

"References to fAtest piloto throughout the report
flight and do not imply any specific level of qualifications.
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Table 3. Characteristics of accident E-AB aircraft bought used.

Aircraft Characteristic Kit-Built Plans-Built Original Design
Engine Type
Type-Certificated Aircraft Engine 43% 72% 100%
Non-Type-Certificated Aircraft Engine 45% 8% 0%
Automotive Conversion 12% 15% 0%
Other/None 0% 5% 0%

Propeller Type

Fixed Pitch 51% 69% 100%

Ground Adjustable 22% 8% 0%

Constant Speed 27% 18% 0%
Avionics

Conventional 82% 86% 100%

Glass Cockpit 18% 14% 0%
Landing Gear Configuration

Tailwheel 48% 67% 100%

Tricycle 49% 26% 0%

Other 3% 7% 0%

Landing Gear Type
Fixed 86% 95% 100%
Retractable 14% 5% 0%

Number of Seats

One 6% 28% 0%

Two 89% 59% 100%

Three or More 5% 13% 0%
Total Accident Aircraft 84 39 2

Most of the accident AB aircraft that had been bought used were-ssat, kitbuilt
airplanes with aircraft engines (either typertificatedor nontype-certificated and conventional
avionics. Roughly equal numbers thiese airplanes were equipped with tricycle and tailwheel
landing gear. The majority of the 39 plamsilt aircraft purchased used were similarly equipped,
including the only two EAB gliders involved in accidents during 2011.

3.6 Accidents as a Function of Airframe Hours

Airframe hours were available f@7 of the 102 E-AB aircraft built by their owners and
for 76 of the 125 E-AB aircraft that had been bought usédgure 22shows the cumulative
percentages of each group a€cident aircraft as a function of total airframe hours since
manufacture. It is notable, but not unexpected, that substantially greater proportions of the
built-by-owner aircraft were involved in accidents relatively soon after completion. Nearly
50 percent of the builtby-owner aircraft had less than 50 airframe hours at the time of the 2011
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acciglsgnt, compared with approximately gércentof the EAB aircraft that had been bought
used:

Cummulative Proportion of Accident-EB
Aircraft Built by Owner and Bought Used at
Increasing Airframe Hours, 2011
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Figure 22. Cumulative proportion of built-by-owner and bought used E-AB aircraft as a function
of airframe hours.

3.7 Accidents During Phase | Flight Testing

Thirty-four of the calendar year 2011 accidents occurred during the Phase | flight test
period required fothe airworthiness certification of newly builtAB aircraft. Thirty-one of
these aircraft were built by their owner at the time of the accident, while two had been sold as
used aircraft before completing the Phase | flight test period. N80s1f(34) of these aircraft
were airplanes anfbur were gyroplanes Twentyfour were kitbuilt, 9 were planduilt, and 1
was built from an original design. Eight of the Phase | accidents were fatal.

Figure 23shows theCAST/ICAO occurrere categor for these accidents, all of which
involved a single aircraft.

38 |nsufficient data were availablo compare the number of Phase | hours flown by the current owner for those
aircraft that were bought used.
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CAST/ICAO Occurrence Categories-éfH:
Aircraft Accidents During Phase | Flight testing,
2011
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Figure 23. CAST/ICAO occurrence category for the 2011 E-AB accidents during Phase | of the
flight test program.

All 11 of the Phase | aircraft that suffered powerplant failwese airplanes, comprising
6 kit-built, 4 plansbuilt, and 1 original design. Four of the aircraft that suffered powerplant
failures were equipped with typeertificated aircraft engines, twowere equippedwith
nonttype-certificated aircraft enginesand fve were equipped with automotive conversion
engines.

Ten of the34 Phase | accidents involved loss of control in flight. Eight of these accidents
involved airplanes and two accidents involved gyroplanes. Six of these aircraft wiendtland
four werebuilt from published plans.

A requirement for 40 Phase | flight test hours had been establish&8ldothe builders,
and one was assigned a-l2&ur requirement when their airworthiness certificate was issued.
Figure 24showsthe total airframe hours accumulated at the time of the accident for each of the
34 Phase | accident aircraft.
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Figure 24. Airframe hours at time of accident.

The E-AB aircraft builder was the accident pilot 20 of the 34 accidentsTwo of the
accident aircraft were piloted by individuals who had bought the aircraft used during its Phase |
test period, two were piloted bndividuals recruited to perform the flight testnd one was
pil oted by t hEhedccderit pil@vasti®ne ; phe airsradt B2 of the accidents,
but a second individual was aboard the aircraf? mf the accidents, includinfy accident that
was fatal to both individualdt could not be determined whether the second individual was
performing an exjit flight test function in either of those cas@se builder had performed the
first test flight of the aircraft ir29 of the 34 E-AB aircraft accidentsincluding the8 accidents
that occurred on the first test flight.

3.8 Accidents During the First Flight for E-AB Aircraft Built by Owner

Ten of the 224 E-AB aircraft accidents during calendar year 2011 occurred during the
first flight of the aircraft, including the 8 Phase | aircraft mentioned previously as well as the
2 unregisteredaircraft without airworthiness certificateSevenof these aircraft were airplanes
and three were gyroplanesevenwere kitbuilt aircraft and three were plasmiilt aircraft.Nine

39



NTSB The Safety of Experimental Amateur-Built Aircraft

of thetentest pilots were the aircraft builder, while the other paistt was acertificatedflight
instructor who had been commissioned to perform the test fkg¥e.of the builders/test pilots
held a private pilot certificate, three held a commercial pilot certificate (includingethiécated
flight instructor perdrming the test flight), one held an air transport pilot certificate, and one
held a student certificatelable 4 summarizes the first flight accidents investigated during
calendar year 2011.

Table 4. Characteristics of the 10 accidents in 2011 that occurred during the first test flight of
the newly built E-AB aircraft.

NTSB Case Aircraft

# Category Aircraft Type Occurrence Category Phase Test Pilot
ERA11LA208 Airplane JTD Minimax CelliEen D Takeoff Builder
Takeoff/Landing
System/Component
ERA11LA213 Airplane Volksplane VP1 Malfunction or Failure Initial Climb Builder
(Powerplant)
Collision During .
CEN11CA336 Gyroplane KB3 Gyroplane Takeoff/Landing Takeoff Builder
CEN11FA346 Airplane Cassultt Il Other Initial Climb Builder
CEN11LA432 Airplane Zenith CH-750 Loss of Control in Flight Take Off Builder
System/Component Certified
CEN11LA488 Airplane Volksplane VP1 Malfunction or Failure Initial Climb Flight
(Powerplant) Instructor
CEN11FA537 Airplane E-Racer Loss of Control in Flight Maneuvering Builder
ERA11LA459 Airplane Pegaz;l(;rOSTOL Loss of Control in Flight Initial Climb Builder
CEN12LA013 Gyroplane Calidus Autogyro Loss of Control on Ground Landing Builder
American System/Component
CEN12CA029 Gyroplane Autogyro Malfunction or Failure i Takeoff Builder
Sparrow Hawk (Non-Powerplant)

3.9 Accidents During the First Flight for E-AB Aircraft Bought Used

Fourteerof theE-AB aircraftaccidents in 2011 involveasedaircraft being flown for the
first time by theirnew ownersFive were fatal accidents, killingix occupants. All of these
aircraft were airplaned.1 kit-built and 3 planduilt. The accident pilot was the second owner of
six of these airplanes, but two had had 2 previous owners, and five had hatbBqrevious
owners. The new owner was the pileicommand in nine of these accidents, and was aboard the
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aircraft with a flight instructor in one case, and with a more experienced pilot in ariotloenf
the accidents involved the ferry flight BFAB aircraft by commercial pilad, and one occurred
during an evaluation flight conducted for the potential purchaser of aEis@&laircraft by an
air transportrated pilot. Six of the nine owners piloting their aircraft held private pilot
certificates, ondanelda commercial certificate, orteeldan air transport pilot certificate, and one
new owner did not hold a pilot certificate.

Table 5summarizes the accidents involving the first flight eAB aircraft bought used
that were inestigated during 2011.
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Table 5. Accidents involving the first flight after purchase of E-AB aircraft bought used.

NTSB Case Aircraft
# Category Aircraft Type Occurrence Category
CEN11CA326 Airplane Quickie Q2 System/Component Maneuvering Owner
Malfunction or Failure i
(Non-Powerplant)
ERA11LA336 Airplane Kitfox Il Loss of Control in Flight Initial Climb Friend
CEN11FA434 Airplane Lancair 320 Loss of Control in Flight Approach Ferry Pilot
CEN11LA455 Airplane Rans S-17 Loss of Control in Flight Initial Climb Owner
ERA11CA432 Airplane Rans S-6S Abnormal Runway Contact Takeoff Owner
ERA11FA463 Airplane Quad City Controlled Flight into Terrain Maneuvering Owner
Ultralight
Challenger Il
CEN11FA597 Airplane Lancair 235 Loss of Control on Ground Takeoff Owner
CEN11FA616 Airplane Christen Eagle Il | System/Component Initial Climb Owner
Malfunction or Failure
(Powerplant)
CEN11LA669 Airplane Vans RV-10 System/Component En Route Owner
Malfunction or Failure
(Powerplant)
ERA12LAO11 Airplane Rand Robinson | Loss of Control in Flight Initial Climb Owner
KR-2
CEN12CA081 Airplane Davis DA-2A Loss of Control on Ground Landing Owner
ERA12CA096 Airplane Loehle P-5151 | Windshear/Thunderstorm Approach Evaluation
Pilot
CEN12LA102 Airplane Rans S-12 Loss of Control in Flight Approach Certified
Flight
Instructor
WPR11CA321 Airplane Thorp T-211 Fuel Related En Route Ferry Pilot
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4. The EAA Survey of E-AB Aircraft Owners and
Builders

Past evaluations dE-AB aircraft safety havebeen limited by the lack of background
information aboutE-AB aircraft builders, pilots and owners. In order to establish a better
understanding of this population, the EAA conducted a voluntary, anonymotisase survey
of E-AB aircraft owners from Jyl 15 through August 31, 2011. The EAA shared the resulting
anonymous data with the NTSB to support this study. The survey, showppendixB,
collected demographic and flying experience information from respondents as wetiadsd
information about their FAB aircraft and their experiences building, testing, and flying them.
The survey data were analyzedthg NTSB and the results are reported in this chapter.

The EAA promoted the survey withraail invitations to its meabers and announcements
in the EAA e-Hotline electronic newsletter. In addition, the NTSB mailed 22,000 postcards to
E-AB aircraft owners |isted on the FAAOGs airecr
EAA survey. Other members of thE-AB aircraft community, including Vaés Aircraft
Company, publicized the EAA survey and encouraged participation. The EAA received more
than 5,000 responses to the survey and a total of 4,923 responses were considered sufficiently
complete to support data anatys

Survey respondents indicated whether they had already built-/AB &rcraft, were
currently building their EAB aircraft, or had purchased a used\B aircraft. Figure 25shows
the distribution of respondents among theategories by the kind of-EB aircraft they owned.
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Method of EAB Aircraft Ownership by Type of
Aircraft
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Figure 25. Method of E-AB aircraft ownership by type of aircraft.

Most (97percent of the aircraft described by respondents were airplanes, while the other
3 percentincluded helicopters, gyptanes dliders, balloons, and powered parachutes. The
majority (63 percen} of respondents had already built the airplane that they described in the
survey, while 24percenthad bought a used-&B aircraft, and 13percentwere currently
building theirE-AB aircrat.

Figure 26shows the years since certification for the respondents who built the E
aircraft and for those that bought usedAE aircraft. As might be expected, respondents
reporting on EAB aircraft that they had buittescribed a somewhat newer set of aircraft than did
those who reported on-&B aircraft that they had bought used.
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Years Since Certification ofA&B Aircraft Bought
Used Versus Built by Owner
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Figure 26. Years since certification for E-AB aircraft built by the respondent versus E-AB aircraft
bought used by respondents (based on 4,082 survey responses).

4.1 Respondent Demographics

The median age of respondents who had bought us&d &ircraft was 60 years, for

those who had already built theirAB aircraft it was 62 years, and for those currently building
their EAB aircraft it was 56 yeargzigure 27shows the age distribution for these groups of
respondents. Nearly 3@ rcentof respondents who reported their occupation indicated that they

were retired.
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Respondent Ages by Method otAB Aircraft
Ownership

m Built My E-AB mBought Used E-AB = Currently Building E-AB
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Figure 27. Respondent age by method of E-AB aircraft ownership.

Figure 28shows the highest pilot certificate held by method-&B aircraft ownership
for the respondents who provided that information. The majority of respondents held a private
pilot certificate, and the type of certificate was relatively uniform acrasthtiee groups.
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Highest Pilot Certificate By Method ot&B
Aircraft Ownership
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Figure 28. Highest pilot certificate by method of E-AB aircraft ownership.

Figure 29shows the distribution of total years of pilot experience for each of the method
of ownership groups, whilEigure 30shows the total flight hours for each of the groups. Median
years of pilot experience for respondents who built theiBEaircraft was 33 years, for those
who bought used HAB aircraft it was 31 years, and for those remtly building their EAB
aircraft it was23 years. Median total flight hours were 1,311 for respondents who had built their
E-AB aircraft, 1,350 hours for those who had bought usédBEircraft, and 550 hours for those
currently building an EAB aircraft. Hours of total EAB aircraft flying experience for the groups
are summarized ifkigure 31 Heret here i s a distinct di-AB@rence
(mediantotal flight hours wa 79 hour s) an-d&Badb ¢amigtal flighuheuesd E
was2 00 hours) groups ocarrerthbeilding mg EAhBadn dg, r oaunpd (tmnheed
total flight hours wa<€) hours) on the other, suggesting that this was the fWAB Eircraft
experience for most of those currently buildsugh aircraft.
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Years of Pilot Experience
by Method of EAB Aircraft Ownership
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Figure 29. Years of pilot experience by method of E-AB aircraft ownership.
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Proportion of Respondents in Various Flight Hour

Categories by Method of B Ownership
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Figure 30. Total Flight Hours by E-AB aircraft method of ownership.
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Flight Hours in EAB
by Method of EAB Ownership
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Figure 31. Total E-AB aircraft flight hours by method of ownership.

4.2 E-AB Aircraft Makes

Broadly speaking, an-BB aircraft project can be characterized as an original design,
where the builder creates the design and plans for a unique aircraft, fabricates the various parts,
and assembles them as a-ofi@-kind aircraft; a plag-built project, where the builder fabricates
the aircraft parts from raw material s
and assembles them according to published plans; or-lauikitproject, where the builder
assembles the aircrdfom a kit consisting of prefabricated pafsgure 32shows the number of
respondents who reported each of these types of building projects by methgeBohiEcraft

ownership.

88y ef er r

50



NTSB The Safety of Experimental Amateur-Built Aircraft

Type of EAB Building Project
by Method of EAB Ownership
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Figure 32. Type Building Project by E-AB aircraft method of ownership.

Kit-built projects clearly dominate among respondents who have already built their
aircraft, bought the aircraft used, or are currently building the aircraft, although a significant
number of aircraft in each group are buibrh published plans. A much smaller number of
respondents in each group described an original design.

Overall, respondents reported 171 differentAE aircraft kits accounting for
approximately 75ercentof the aircraft in the surveyAppendix E provides additional detail
aboutthe manufacturers and models of aircraft built by survey respondents and detiagds of
building process.

4.3 E-AB Aircraft Characteristics Requiring FAA Certificate
Endorsements

Considering only thd, 794 airplanes described by survey respondéitte 6shows the
percentage of aircraft in each of theAB aircraft groups (bought used, already built, or
currently being built) displayingthe design features for which the FAfequires additional
training or endorsements. This table also shows the percentage of owners within those subsets of
E-AB aircraft who possess the respective FAA endorsements to their pilot certiScate. of
the owners of these aircraft would not bguieed to possess a particular endorsement if they had
acquired appropriate experience prior to the date that each of these requirements was established.

51



NTSB The Safety of Experimental Amateur-Built Aircraft

Table 6. Aircraft design features and corresponding pilot certificate endorsements.

Building My
Reported Aircraft Design Features Used E-AB Built My E-AB E-AB
Engine >200HP 9% 13% 19%
Tailwheel Equipped 61% 48% 46%
Retractable gear 12% 13% 17%
Approved for aerobatics 51% 43% 39%
Building My
Reported Pilot Certificate Endorsements Used E-AB Built My E-AB E-AB
Ov;?]z:)sr S\gi::ea:] thigh performance 92% 87% 59%
Owners with a tailwheel endorsement 91% 92% 69%
Owners with a complex endorsement 81% 72% 56%

Only 10 percentto 20 percentof respondents reported the engine horsepower of their
aircraft to be above 200, but @2rcentof the respondents who had bought useéiBEaircraft
and 87 percent of the respondents who built their-AB aircraft reported having high
performance endorsemis to their pilot certificatesSome respondents likely had logged time in
high performance aircraft prior to August 4, 199nd would not be required to possess this
endorsement.

A substantial proportion of the aircraft described by survey respondentstailwheel
airplanes, and more than @@rcentof owners of these aircraft reported having a tailwheel
endorsementRkespondents who had logged time in tailwheel airplanes prior to April 15, 1991
would not be required to have this endorsement.

From 12percentto 17perceno f t he respondentsé aircraft w
landing gear. Most respondents who built theiAE aircraft (72 percent or bought it used
(81 percen}, as well as 5@ercentof those building theiE-AB aircraft had arendorsement for
complex aircraft.

Finally, a large proportion of the aircraft were reported by their owners to be approved
for aerobatic maneuvers. The FAA approval for this function is reflected in the airworthiness
certificate issued for HAB aircraft.

4.4 The E-AB Aircraft Building Process

The 3107 respondents who had already completed building theiBEaircraft (or
sometimes several) and tl&&9 respondents who were currently building arAE aircraft
provided important insights into the buildingopess. These respondents also indicated that they
were aware of the support available from E&B aircraft community and that they utilized
these resources.
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Of the respondents who had built, or were currently building, thedBEaircraft,
77 percenthad purchased a kit, 2tercenthad built or were buildingfrom published plans, and
3 percenthad developed original designs.

Of the kit builders, 4®ercentreported that theysed a kito save money and 3&rcent
reported that they used a kit to aiot aircraft performance advantages. Similar results were
reported by the plansuilt respondents, with 4fercentusing published plan® save money and
29 percentusing published plango obtain aircraft performance advantages. Among the
104respondentsvho had developed original designs, onlyg&fcentused an original design to
save money and 3%ercentused an original design to obtain aircraft performance advantages.

Among kit builders, 5@ercenthad received at least one demonstration flight lectioey
bought their kit. About 3%ercentof the demonstrations were provided by the kit manufacturer
and 25percentwere providedoy private individuals. About 3percentof the respondents who
built, or were building, their aircraft from plans had received a demonstration before they
undertook their project, most from private individuals. Eleven percent of respondents creating
their own designs had a ppeoject demonsttaon from private individuals.

Figure 33shows the choice of engine among the 3,567 powered aircraft built, or being
built, by survey respondents. Most aircraft across all three types of construction were powered by
eithertype-certificatedor nontype-cettificated versions of traditional aircraft engines. However,

21 percentof the original design aircraft and p@rcentof the plansbuilt aircraft used converted
automobile engines.
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Figure 33. Engine choices among E-AB aircraft builders.

Table 7 summarizes the principal equipment characteristics of the 2,898uikit
753plansbuilt, and 104 original design aircraft reported by survey respondents. The percentages
reported in the table are based on the total responses to eaeh em, and the number of
responses varies slightly between variables as a function of missing responses to some questions.
Most plansbuilt (80 percent and original design (5%erceny aircraft were equipped with
fixed-pitch propellers, while more kituilt aircraft were equipped with constasgieed propellers
(44 perceny than fixedpitch (37percent propellers. Most original design and pldmslt aircraft
utilized conventional flight instruments, but there is a roughly even split between conaéntion
instruments (5¢ercentland glass cockpit avionics ($@rceny in kit-built E-AB aircraft.
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