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EXECUTIVE SUMMARY

The Federal Aviation Administration (FAA) conductagpecial review of the Zodiac

CH 601 XL and CH 650 to evaluate design and opmratidetails of these nearly
identical aircraft. They are available as a spdgéalt sport category aircraft (S-LSA)
from Aircraft Manufacturing and Design, Inc (AMDJ as amateur-built kits from Zenith
Aircraft. Both companies are generically referredthe manufacturer” elsewhere in this
report. The review was a continuation of FAA eféostarted in 2006 to monitor the
Zodiac after several in-flight structural failuré&ata from our prior assessments and the
findings from this special review provide inforn@tito support FAA action and address
safety recommendations issued by the National ‘patetion Safety Board (NTSB).

FAA review of the in-flight failures did not inditaa single root cause, but instead
implicated the potential combination of severaligesnd operation aspects. Our
preliminary assessments focused on the strengtistabdity of the wing structure.
Further analysis during the special review fourelltads the manufacturer used to
design the structure do not meet the design stdadar a 1,320 |b (600kg) airplane.
Static load test data verifies our conclusion. $pecial review also identified issues with
the airplane’s flutter characteristics, stick fogradients, airspeed calibration, and
operating limitations.

In September 2009, the manufacturer reanalyzed\heg loads, developed
modifications for the wing structure, and compleséatic tests of a modified wing. The
manufacturer also incorporated modifications todineraft to address flutter concerns,
including balancing the ailerons. To fully mitigates flutter concern, the manufacturer
needs to conduct a new flutter analysis and flight with the modified design, which
had yet to be completed at the time of writing tieigort.

Following the safety directive process for S-LSt#e £AA worked with the manufacturer
to address safety concerns for the S-LSA versibtiseoZodiac. Our concerns apply to
the CH 601 XL and CH 650 because they use the sangedesign. On November 7,
2009, the FAA issued Special Airworthiness InforimaBulletin (SAIB) CE-10-08 to
inform owners and operators of potential safetyesswith the CH 601 XL and CH 650.
Concurrently, AMD issued a safety directive for 8«.SA versions of the CH 601 XL
and CH 650 to address the situation and to commatenabetails of modifications required
before further flight. Zenith Aircraft also commuated similar information to owners
and operators of experimental versions of the CHXID and CH 650.

On November 12, 2009, the FAA suspended issuancewfairworthiness approvals for
the CH 601 XL and CH 650 until the applicant sulsnailequate evidence that their
aircraft has been modified to meet the AMD safetgaive and SAIB CE-10-08. This
action addresses S-LSA, experimental light-spocrait (E-LSA), and experimental
amateur-built aircraft. This action was taken tswge no new aircraft with known safety
concerns are introduced into the National Airspagstem (NAS).

Zodiac Special Review Team Report 1 January 2010



1.0 INTRODUCTION

The FAA special review team was tasked to invesitfae causes of in-flight structural
break-ups of several Zodiac CH 601 XL aircraft. Téwm of experts examined the
details of the design, manufacturing, and airwoeks certification of the Zodiac CH 601
XL aircraft. The team visited the manufacturingdtions for the S-LSA aircraft and the
amateur-built aircraft kits to review design datadll CH 601 XL configurations and the
CH 650. We also visited Zenair, Ltd. in Ontarion@da where technical details of the
designs are held. These investigation activitieseweordinated with European
airworthiness authorities, the Canadian airwortssnguthorities, and the NTSB.

This report presents the findings of the invesiaygta review and evaluation of the
safety concerns, a determination whether the S-t&aion of the airplane is in
compliance with the ASTM International consensasdards and the status of the
continued operational safety (COS) of the CH 601aiblane.

1.1 Team Charter

The team was chartered in April 2009, as shownppehdix B. The intent was to collect
specific design, fabrication, airworthiness, andrational data for each Zodiac variant,
compare and contrast this information to identify aafety related issues, and
recommend appropriate action. The team also sdagtientify any relationship between
the in-flight structural failures. Appendix C coms.more detail regarding the design
characteristics of the variants of the CH 601 Xd &H 650. With so many different
versions of CH 601 XL and CH 650 (S-LSA, E-LSA, axgerimental amateur-built),
the team also focused on reducing confusion reggiabw the accidents relate to each
other. The tendency is to relate issues that maympie to the amateur-built version of
the CH 601 XL with the factory-built S-LSA versiotespite the fact they are built,
operated, and maintained differently.

To obtain information for this investigation, treatn conducted visits, interviews, and

evaluations; reviewed the manufacturer’'s documemtd;researched FAA/NTSB
accident databases.

1.2 Summary of Team Findings

Based on this detailed review the FAA concluded plodential deficiencies exist in all
variants of the CH 601 XL design, including the 65D, because of common design

characteristics. A summary of the Zodiac Speciali®e Team’s significant findings is
listed below:
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Wing structure FAA analysis of the aircraft showed that the kaded by the
manufacturer to design the wing structure did neetthe ASTM standard for a
1,320 Ib aircraft. FAA analysis estimated thatwhieg design loads were 20 to 25
percent too low. Static structural tests complétetthie Czech Republic, and testing
done as part of an investigation by German autlesrgupport this conclusion. Those
tests revealed that the wing structure could nstasu the original design loads
developed by the manufacturer for compliance toA8&M standards for a 1,320 |b
airplane.

As indicated below, we also found potential foloesrin calibration of the airspeed
indicating system and improper or incomplete infation in the pilot operating
handbook regarding maneuver speed limitations.aDalysis showed that a one mile
per hour error in airspeed translates into appraiehy 0.1g load change on the wing
at maneuver speed. Therefore, calibration errooperating limitation errors could
lead pilots to unintentionally exceed the intendaag design envelope by an
additional 10 to 20 percent.

In response to these findings, the manufacturefataated the wing design loads,
modified the structure, and tested the modifiedcstire to the new design loads.
However, the manufacturer stopped their tests albgipercent below the ultimate
load estimated by the FAA for compliance to the ABdesign standard. They
stopped at a slightly lower load, partly due tarthest equipment, and partly because
they did not completely agree with FAA estimateseif modified structure did not
fail at the ultimate load they tested to. Howetlee, wing attachment bolts were bent
and the attachment bolt holes were elongated, atidig there was permanent damage
to the structure at these loads. At the time & taport, the manufacturer was
finalizing design details of the modifications teetwing structure. Owners and
operators should contact the manufacturer foratest information on these
modifications. The manufacturer needs to perforaitamhal structural testing once a
final design is reached to demonstrate the finabvdesign meets the ASTM
standards.

Flutter The FAA reviewed available flutter data, but theults were inconclusive.
However, it is clear from the evidence from airtra¥olved in structural failure
accidents that flutter was a causal factor. liospossible to determine whether
flutter was the primary root cause of the strudttaidure or a secondary cause after
some initial structural deformation of the wing.daese of the concerns with the
wing structure, it is likely structural stiffnessagnhave influenced the flutter
characteristics of the wing. The FAA is aware g@ne reports of flutter or vibration
in the airframe have been traced to improperlyadygileron cable tensions, and
improperly installed flap stops.

Though changes are being done by the manufactubeiance the aileron controls
and revise procedures reminding operators to cfeeqkroper aileron cable tensions
before each flight, the FAA has requested the naatufer perform additional
analysis and testing on the revised structure tibyviéutter concerns have been
mitigated. The flutter characteristics will chargyece the modifications required by
the AMD safety directive are complete. Those madiions will impact the
structural stiffness of the wing, which will resuitdifferent frequency response and
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damping characteristics. The manufacturer needsetaluate the modified CH 601
XL wing structure with the balanced ailerons toedetine the flutter characteristics
of the modified design. This should include a caetgflutter investigation (ground
vibration test (GVT), flutter analysis, and fligieist) accomplished by a noted flutter
expert. Owners and operators should contact theifaeturer for the latest
information on the updates.

Airspeed calibrationAMD and Zenith Aircraft calibration procedures dot clearly
explain how to adequately account for basic pressaurce position error due to the
location of the pitot-static ports. This error aused by the flow around the airframe
and unless calibrated properly, could lead to gatkairspeed indication anomalies;
particularly since the CH 601 XL derivatives candoglipped with several different
types of pitot-static sources. The situation cde&t to operating the airplane above
the maneuver speed and/or the design cruise speteshtially leading to structural
failure. Our calculations show a 1 mph error irsp@ed provides approximately a
0.1g load change on the wing at maneuver speed.

The FAA recognizes that similar airspeed calibrappooblems may exist with other
light sport aircraft (LSA) and has begun effortsrmtgprove the ASTM standards to
address this problem. To address specific CH 60Tdficerns, the manufacturer has
reiterated that proper airspeed calibration prooesiare critical and is updating their
maintenance manual to document a clear, repeatalibeation process. The FAA
recommends that each aircraft be re-tested toyerdper indication of stall speed,
maneuver speed @, and maximum speed limits.

Stick forces The current ASTM standards simply state, “Londjital control forces
shall increase with increasing load factors”. Azble data indicates the stick force
gradient for the CH 601 XL meets this standard, @pgkears to meet the intent of 14
CFR Part 23 within much of its operating enveldpeugh this is not required.
However, flight test data from foreign authoritindicates at aft center of gravity
conditions the stick forces do become light. Thesyrhe a contributing factor in
structural failure accidents if coupled with opergtat speeds higher thanV
especially if flown over gross weight and/or withgroperly loaded aircraft. In such a
condition, little stick force would be requireddgnamically load the CH 601 XL
wing beyond its structural load limit, given theadequate loads used to design the
structure.

Structural Stability Other aviation authorities have noted the presefiduckling in
the wing structure, including in the center sectiuring static testing. The analysis
completed by other aviation authorities suggestkling may take place at loads
significantly below limit load. Buckling is accejbia below limit load provided any
deformation disappears when the load is removedgemndded the structural analysis
and testing properly account for post-buckling lvebra During a visit to the
manufacturer’s facility in Mexico, MO, the FAA alsdserved buckling of the local
wing skin near the rib containing the aileron leefink attachment when the ailerons
were deflected to their stops. Such structurahiniities can have a significant effect
on static strength and flutter characteristicshefwing. The manufacturer has
designed modifications to the structure that appeaddress the specific areas where
buckling has occurred.
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Operating Envelopdnitial review of available static test data ioalied the weight
and speed envelopes for the CH 601 XL needed sulbstantially reduced to limit
the potential risk of exposure to subsequent siratfailures. The manufacturer
published new operating limitations in July 2009¢duce potential exposure to
flutter. However, subsequent analysis by the FA#wa&d these proposed limits did
not adequately address our concerns related tstaie strength of the wing. It
became evident that reducing the flight envelogetan the loads used to design
the original structure may not leave a viable openal envelope for the aircraft.
Also, the pilot operating handbook (POH) and theéemals provided on the
manufacturer’'s web site need to be more specifjanding the acceptable g-load
envelope for the design. Some information could lgi¢ots to assume the design can
sustain +6g and -6g, in flight. LSA airplanes aesigned to a design limit load factor
envelope of +4g and -2g. Exceeding the design epeemay result in permanent
deformation of the structure or catastrophic strradtfailure. To assure aircraft are
operated within their operating envelope after gemodified with the structural
changes outlined in the safety directive, they nhase their airspeed indicating
systems properly calibrated. The aircraft mustdséed in flight to verify stall speed,
maneuver speed Y, and maximum speed with appropriate POH changeterso
pilots clearly understand all operating limitations

FAA Actions. On November 7, 2009, the FAA issued an SAIB tofpohe public of
the potential safety concerns with the CH 601 Xt escommending owners cease
operations until the modifications are made. Acoagdo the intent of the ASTM
safety directive process, the FAA also worked i manufacturer to take
immediate action to address the potential safstyeis with the CH 601 XL design.
On November 12, 2009, the FAA also suspended thare of all new
airworthiness certificates to any and all variasftZodiac CH 601 XL and CH 650
airplanes, all serial numbers, S-LSA, E-LSA, andezimental amateur-built aircraft
until such time that the applicant submits adeqasaidence that the applicant’s
aircraft has been modified in a manner consistetfit thke AMD safety directive and
SAIB CE-10-08. This action was taken to ensure ew aircraft with known safety
concerns are introduced into the NAS.

Manufacturer ActionsOn November 7, 2009, AMD issued a safety directigainst
the S-LSA version of the CH 601 XL and CH 650, efifeely grounding those
aircraft. Although not required by FAA regulatiod CFR Part 21 § 21.190(c)(5), the
actions in the safety directive may also be appatgifor the E-LSA and
experimental amateur-built versions of the aircdai® to common design features.
The FAA encourages action by these owner/operasrgell, since the wing design
is common to the S-LSA. The manufacturer’s saf@tgyative addresses
modifications needed to improve static strengtthefwing, modifications to the
ailerons to mitigate flutter concerns, and refeesnthe need for proper procedures for
pitot-static pressure source calibration and agdprdicator marking. The
modifications specifically incorporated balancel@émin controls, and structural
enhancements to the aileron bell crank attachneemitigate flutter concerns. The
aileron changes are based in part on design chanags by the United Kingdom
Light Aircraft Association (UK LAA) to alleviate €itter concerns. However, it is not
possible to completely rule out the possibilitytthatter may exist after
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modifications are made. Further testing and analygithe manufacturer on the
modified structure must be done to alleviate amyai@ing flutter concerns and
document compliance to the ASTM standard for flut@wvners and operators should
contact the manufacturer for the latest informabarthe updates.
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2.0 BACKGROUND

In 2004, the FAA issued the light-sport aircragpbrt pilot rule. LSA are small, simple-
to-operate, low-performance aircraft. They aret@dito a weight of no more than 1,320
Ib for aircraft not intended for operation on wamaximum airspeed of 120 knots in
level flight at maximum continuous power, a maximsi@ll speed of 45 knots, and a
maximum seating capacity of two.

Before the FAA issued the LSA rule, an increasinmher of ultralight vehicles were
being operated outside their applicable regulaliamis. For example, many vehicles
either exceeded the 14 CFR part 103 ultralight tdignit, or they had two seats. Seeing
the need for training to reduce accidents, manufacs had built two-place training
ultralight vehicles. However, many did not meet dedinition of an ultralight and were
not manufactured, certificated, or maintained tp standard. The FAA issued
exemptions to allow these larger ultralights taubed for training, but not for other sport
or recreational flight.

Recognizing a need to remedy this situation andjtbesing capability of ultralight
designs, the FAA issued the LSA rule to increasddkiel of safety of these aircraft,
close gaps in previous regulations, and createans® accommodate new aircraft
designs. Issuance of the LSA rule paved the wa$fbBA aircraft designed,
manufactured, tested, and supported accordingetd8TM consensus standards. S-LSA
aircraft are manufactured under a quality assurapseem that meets a specific ASTM
standard.

The foundational principles for using the ASTM stards for S-LSA were to leverage
existing industry experience through a self-cexdfion process and to provide standards
where none existed before. Since the rule wasgetkdhe result has been a rapidly
growing LSA industry with over 100 new LSA desigesognized under the ASTM
International consensus standard process and gh@0 individual aircraft registered in
the S-LSA category.

This rapid growth makes it critical for manufactsré follow the consensus process,
and for them to recognize they are responsiblenfonitoring and correcting any COS
issues related to their designs. The FAA expeesntiustry to maintain a high level of
LSA safety and has begun efforts to support LSA Ckxs example, the FAA and the
Experimental Aircraft Association (EAA) created thght Sport Aircraft Subgroup
under the General Aviation Joint Steering Commi(@AJSC). This subgroup serves as
a vehicle for government-industry cooperation, camiwation, and coordination on LSA
safety issues.

Structural failure accidents are of particular eamncto the FAA and we closely follow in-

flight structural failures. Between February 2006l &lovember 2009, the Zodiac Model
CH 601 XL was involved in six in-flight structurbteak-up accidents in the United
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States, with several others occurring abroad. Tjp invederstand the nature of these LSA
accidents, the FAA chartered an internal team & lato details of the Zodiac CH 601
XL aircraft. The investigation was complicated hg fact the CH 601 XL is available as
an S-LSA from AMD and as an amateur-built versiothie experimental category from
Zenith, which are treated differently by the FAA.

These structural break-up accidents gained attefricon not only the FAA, but also the
media, the NTSB, and other airworthiness autharifldnese accidents also prompted the
NTSB to recommend the FAA take action to prevewlitazhal in-flight breakups. A link
to the NTSB safety recommendations is listed at:
http://www.ntsb.gov/recs/letters/2009/A09_30_37.pdf

2.1 S-LSA, E-LSA, and Amateur Built Airworthiness

Unlike FAA type certificated aircraft neither LSAnamateur-built aircraft go through
an FAA design approval process. Instead, the FAAds an airworthiness certificate for
these aircraft on an individual basis, stating theysafe for operation according to 14
CFR Part 91 using the design limitations set byntla@ufacturer or amateur builder.
More detail regarding the airworthiness of S-LSA,&A, and amateur-built aircraft is
contained in this section.

S-LSA aircraft receive airworthiness approval oatfier the manufacturer asserts the
aircraft meets the ASTM International consensusdsieds and the aircraft successfully
completes ground and flight tests. These are cersidready-to-fly LSA and are factory
built to ASTM specifications. They do not undergoFAA design review or approval.

Regarding S-LSA COS, S-LSA manufacturers are reduay 14 CFR Part 21 §
21.190(c)(5) to monitor and correct safety-of-flighsues by issuing safety directives.
The intent is for S-LSA aircraft manufacturers ®held responsible for monitoring and
correcting safety issues related to their desihsy must show that they have a
continued airworthiness system that meets ASTMdstahF2295. In issuing the LSA
rule, the FAA explained that it did not intend $sule airworthiness directives (ADs) on
S-LSA aircraft (but would only issue them on typatidicated products incorporated into
an S-LSA, such as engines, propellers, etc). The & requires S-LSA manufacturers,
or the group or individual that has assumed COoresibility for the design, to develop
corrective actions for unsafe conditions. Safetgaives (or manufacturer-approved
alternative methods) must be incorporated into 8-hBcraft.

The LSA rule also included regulations for E-LSAceaft. These aircraft have the same
limiting characteristics as S-LSA (for example, nmaxm weight of 1,320 Ib, maximum
stall speed of 45 knots, etc.). E-LSA aircraft ut® three different groups of aircratft.
Some were originally certificated before the FAAabtished registration or conversion
deadline of January 31, 2008. This provided a f@thirworthiness certification of
ultralight-like vehicles that were in operatiortla¢ time the rule was issued. Other
aircraft eligible for E-LSA airworthiness certifitan are S-LSA that have been
converted to E-LSA after being modified by the owoeoperator from the original S-
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LSA design. The third group is comprised of kitib&-LSA that comply with the
ASTM standard applicable to LSA kits, yet theseravefactory-built ready-to-fly
aircraft.

Regarding E-LSA COS, the FAA does not issue ADE&rSA aircraft. If the aircraft
was constructed from a kit, or if an S-LSA versadrihe aircraft is offered, instructions
or safety directives may be available from the nfacturer, but the use of such
instructions or safety directives is not mandat@wner-developed alterations and
repairs are permitted.

Unlike both S-LSA and kit-built E-LSA, amateur-kugiircraft do not require a
manufacturer’s statement of compliance to the apple ASTM International consensus
standards. They are also not subject to any FAAdegpproval process. Instead,
amateur-built aircraft receive experimental airdoréss certificates on an individual
basis and may have been built, modified, or mamethin a way that is not controlled by
the FAA, an LSA manufacturer, a kit builder, or atlier designer.

FAA regulations allow for these aircraft built bggple who undertook the construction
project solely for their own education and reci@atio be operated in our national
airspace. The FAA does not require these amatelirdimgraft to meet the airworthiness
standards applied to standard certificated aircrdfé regulatory provision for amateur-
built aircraft has been in place for more than B@rg. During that time, thousands of
people have successfully built and safely flowwrait for their own education and
recreation.

The FAA has several measures in place to protéetrr gteople who, unlike the pilot-in-
command of an amateur-built aircraft, have not mtatly accepted the risks associated
with their operation. For example, after airwortégs certificate issuance, a newly
assembled amateur-built aircraft may not be flowtsiole an assigned flight test area
until the aircraft is shown to be controllable dhdt it has no hazardous operating
characteristics or design features. After thigtiigest phase, additional operating
limitations remain with the aircraft. For exampdenateur-built aircraft generally may not
be operated over densely populated areas or inested) airways unless sufficient
altitude is maintained to allow a safe emergenaogilag without hazard to people or
property on the ground. In addition, the pilot omamand of an amateur-built aircraft
must advise each passenger of the experimentakenattthe aircraft and explain that it
does not meet the certification requirements daadard certificated aircraft.

Regarding amateur built COS, the pilot-in-commaas tesponsibility for determining
whether the aircraft is in condition for safe flighnd no pilot may operate a civil aircraft
unless it is in an airworthy condition. Owner-depd alterations and repairs are
permitted. The FAA does not issue ADs for amateuilt-hircraft, but continues to
consider ways to deal with amateur-built COS. Iaauoraft was constructed from a Kit,
instructions for addressing airworthiness concenag be available from the kit
manufacturer, but the use of such instruction®tsmandatory.
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For this special review, it was noted that the @AXL design was superseded by the
newer CH 650, though the wing structure is neatgntical. The CH 601 XL and CH
650 are S-LSA from AMD. They are also availableasteur-built kits from Zenith
Aircraft. The CH 601 XL and CH 650 were not prodiies E-LSA kits to the specific
ASTM kit standard.

2.2 Airworthiness Certification Requlatory Basis

The airworthiness certification regulations difterpending on whether the aircraft is
amateur-built or a ready-to-fly LSA. According té/ Order 8130.2F the following
applies:

For amateur-built aircraft certified under 14 CFR Part 21 § 21.191(g)
Amateur-built aircraft are eligible for an experima& airworthiness certificate when the
applicant presents satisfactory evidence of tHevahg:
(a) The aircraft was fabricated and assembled by amidwil or group of
individuals.
(b) The project was undertaken for educational or eg@eal purposes.
(c) The FAA finds that the aircraft complies with actzdye aeronautical
standards and practices.

For special light-sport category aircraft defined wnder 14 CFR Part 1 § 1.1 and
certified under 14 CFR Part 21 § 21.190

A special airworthiness certificate in the lightspcategory is issued to an aircraft that
meets the definition of LSA, is manufactured to aéipplicable consensus standard, and is
one of the following five classes of the LSA catggairplanes, gliders, powered
parachutes, weight-shift-control aircraft (commoaodfied trikes), and lighter-than-air
aircraft (balloons and airships). When the aircnadiets all the eligibility requirements of
14 CFR Part 1 8§ 1.1 and 14 CFR Part 21 § 21.190ayt be issued an airworthiness
certificate in the LSA category. Appendix D contathe applicable 14 CFR Part 1 and
Part 21 regulations applicable to the LSA Aircratft.

Appendix E and F show the total number of S-LSAraift built by AMD, and the

airworthiness registration date listing for all ®A1 XL and CH 650 aircraft, for
reference purposes.

2.3 Applicable Standards and Requlations

This section provides references for the applicA8&M International consensus
standards for the CH 601 XL and CH 650 LSA andRAA regulations for
airworthiness certification of amateur-built andA.S

The consensus standards are copyrighted by ASTédnational, 100 Barr Harbor Drive,

PO Box C700, West Conshohocken, PA 19428-2959vithal reprints of the standards
(single or multiple copies, or special compilati@msl other related technical
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information) may be obtained by contacting ASTMhas address, or at (610) 832-9585
(phone), (610) 832-9555 (fax), througérvice@astm.or(email), or through the ASTM
website atvww.astm.org To inquire about standard content, and/or menhiggrsr

about ASTM International Offices abroad, contachiehSchultz, Staff Manager for
Committee F37 on Light Sport Aircraft: (610) 83218/dschultz@astm.org

ASTM International Consensus Standards Applicabled the CH 601 XL:

F2245- Specification for Design and Performance of ghiLiSport Airplane

F2279- Practice for Quality Assurance in the Manufaetaf Fixed Wing Light
Sport Aircraft

F2295- Practice for Continued Operational Safety Manitg of a Light Sport
Aircraft

F2316- Specification for Airframe Emergency Parachudted.ight Sport Aircraft

F2483- Practice for Maintenance and the Developmemnahtenance Manuals for
Light Sport Aircraft

F2626- Standard Terminology for Light Sport Aircraft

FAA 14 CFR Part 1 and 21 Requirements:
14 CFR Part 1 8§ 1.1- General definitiond.ight-sport aircraft.
14 CFR Part 21 § 21.190 Issue of a special airworthiness certificateddight-
sport category aircratft.
14 CFR Part 21 § 21.191 Experimental certificates.

Appendix D contains the applicable 14 CFR Partd Rart 21 regulations applicable to
the LSA Aircratft.

2.4 Applicable Type Certificate

Since the designs of the CH 601 XL and CH 650 wetaeviewed and approved by the
FAA there is no type design approval, type cewifé; or corresponding type certificate
data sheet issued by the FAA. In addition, the Fla&s not issue a production certificate
to LSA companies for manufacturing duplicate aiftcrd he manufacturer’s statement of
compliance on FAA Form 8130-15 defines the desigh@oduction details for each
individual S-LSA.
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3.0 Specific CH 601 XL Safety Concerns

With the rapid growth in LSA, the primary focustbé FAA is to maintain a high level

of COS for the LSA. The intent of the safety direetprocess, as outlined in 14 CFR Part
21 8§ 21.190(c)(5), is for S-LSA aircraft manufaetisrto be held responsible for
monitoring and correcting safety issues relatetthéar designs.

When the CH 601 XL started having structural fakim 2006, the FAA investigated the
first accident, viewed the wreckage, and visiteglittanufacturer to identify a potential
root cause. The results of that review were inagsige. Similar accidents in Europe
prompted the United Kingdom, the Netherlands, aath@any to ground the CH 601 XL
in October 2008. However, the German authorityrlapged for a reduced flight
envelope, allowing the airplane to continue to Aythat time, the FAA concluded the
accidents were due to improper operations, sudlyiag beyond the weight and airspeed
limits published in the POH, or improperly operagtin turbulent conditions. Subsequent
structural failures in the US raised additional @& to the FAA, so we began a special
review of the CH 601 XL design to identify a roaiuse.

During this detailed review, the FAA worked closelith the NTSB at a technical level
since they had also identified concerns with thplane. The specific safety concerns
shared by the FAA and the NTSB were related taairstructure, flutter, proper
airspeed calibration, and stick forces. NTSB conséocused primarily on evidence that
seemed to indicate flutter was a root cause foresainmot all, of the accidents. However,
from our preliminary analysis of the accidentspanmon root cause for the structural
failure accidents was not evident. A link to the®BI'safety recommendations is listed
at: http://www.ntsb.gov/recs/letters/2009/A09_30_37.pdf
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4.0 Design Review & Analysis

The special review team performed a detailed arsabfgshe CH 601 XL in an attempt to
identify a root cause for the structural failureswrring in flight and to further

investigate the specific NTSB safety recommendatiefierred to in the previous section.
This section provides the technical results ofdbecial review.

4.1 Loads Analysis

The FAA initially focused on the methods used by thanufacturer to estimate wing
design loads. We reviewed the structural loadsyaisincluded in the report ‘Zodiac CH
601XLSA Stress Analysis and Tests’, available fitbvn manufacturer. Our review
focused on whether the manufacturer’s structurddcanalysis complied with ASTM
International F 2245-08a and if the ASTM standarddequate to ensure an acceptable
margin of safety. We limited our review to the ass&éd of the wing since the accidents of
concern involved wing failure.

The FAA identified several significant issues witle manufacturer’s structural loads
analysis. These issues included:

The amount of lift produced by the portion of thimgvplanform covered by the
fuselage The manufacturer’s analysis assumes the windgaiancovered by the
fuselage is as effective in producing lift as ajaeent portion of exposed wing
planform. This assumption may not be conservatngeraay be noncompliant
with the ASTM F 2245 § 5.1.1.2 requirement that hede loads must be
distributed to conservatively approximate or clggepresent actual conditions.’
The distribution of lift along the span of the winihe manufacturer’s analysis
used an assumption that the lift distribution hasiely elliptical shape. This
assumption is often used in academic evaluatiarsshncorrect for compliance
to ASTM F 2245 § 5.1.1.2. Several more appropmagghods exist for estimating
the distribution of wing lift. Some of these metkate listed in advisory circular
(AC) 23-19 Airframe Guide for Certification of P&8 Airplanes.

The fuel tank capacityl he manufacturer appears to have computed thg win
loads assuming a 15 gallon fuel tank in each wiigwever, the manufacturer’s
drawings and advertising materials clearly show #éhd2 gallon tank is standard
equipment on the CH 601 XL. This small discrepainciyel tank capacity
underestimates the wing design bending loads bytdbar percent. This could
lead to the structure being designed to a loweac@pthan needed.

The correct definition of the maximum zero fuel afdi (MZFW). The
manufacturer’s analysis defines the MZFW as theimam takeoff weight
(MTOW) minus full fuel. This definition is incorrécThe intent of the MZFW is
to design the wing for the condition where airplareaght is at a maximum but
the wing fuel tanks are only partially full. Becau$e fuel load is alleviating for
wing bending loads, using the proper fuel loaddgtedmine MZFW is important.
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For the CH 601 XL, the MZFW case is the conditidmewe two occupants (190
Ibs each, according the ASTM standard) are addétetempty weight of the
airplane (830 Ibs). Then sufficient fuel is addedrte wing tanks to reach
MTOW. For the CH 601 XL, the MZFW is 1,210 Ibs (88@80 Ibs) and the
MTOW is reached with 110 Ibs of fuel, instead o #tero fuel weight used in the
manufacturer’s calculations. This could lead togtracture being designed to a
lower capacity than needed.

The airfoil pitching moment data used to computegaibrsion loadsThe
manufacturer’'s analysis was based on estimatdgeditfoil pitching moment
characteristics obtained from the airfoil desigiidre manufacturer then assumed
a reduction in the magnitude of the airfoil pitajpimoment without providing
substantiating test data to support it. This assiemgould impact the torsional
loads used to design the wing structure, posséayihg to a reduction in stiffness
and damping characteristics of the wing, which domipact flutter.

The interpretation of ASTM F 2245 § X1.3.3The manufacturer’s analysis
assumes that the intent of this standard is toiphylboth torsion and wing
bending loads by 75%. The manufacturer’s interpiatas incorrect. This
standard is intended to combine the wing bendiadgdat % of the design limit
load factor, or 3g, with 100% of the torsion loadsurring at \4. Again, this
assumption is non-conservative and could impacteakelting torsional stiffness
of the wing structure, which in turn could impalettfer characteristics.

The correct value for the maneuvering speed, e manufacturer determined
Va to be 90 knots (103) mph based on a stall spegdyf4 knots (51 mph).
However, the manufacturer’s flight test report doemts a measured stall speed
of 43 knots (49 mph). In addition, the flight tesport did not appear to contain
proper temperature corrections to convert the nmedsiata to standard
atmospheric conditions. Using data in the manufacwCH 601 XL flight test
report and correcting to standard conditions redtice stall speed to 41 knots (47
mph), resulting in a ¥ of only 82 knots (94 mph). Using aVf 90 knots (103
mph) instead of 82 knots (94 mph), a pilot couladwvertently reach 4.8g instead
of the intended 4.0g ataV/ The critical importance and intent of 6 stated in
FAA publication FAA-H-8083-3A Airplane Flying Handbk. The handbook
defines the design maneuvering speed as the “...mawispeed at which the
airplane can be stalled or full available aerodyigacontrol will not exceed the
airplane’s limit load factor. At or below this spke¢heairplane will usually stall
before the limit load factor can be exceeded.” @peg below A can prevent
overstressing the structure from purposeful pitwht®l inputs, and from vertical
gusts from all but the most extreme turbulencet®éxpect not to be able to
exceed the design limit load factor at or beloy ¥nknowingly operating at
speeds above the proper maneuvering speed mayméisdo inadvertently
exceed the design limit load factor, particulatya# center of gravity where stick
forces are known to be light and stick force grathidlatten out.

Errors in the airspeed indication systdma later section of this report, we
describe what may be errors in the airspeed indicatystem. These errors can be
critical to operating the airplane within the index design envelope. As pointed
out in the discussion onaya 9 mph difference between the actuglavid the X
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given in the POH can result in exceeding the deksngi load factor by 0.8g.
Similarly, a 5 mph airspeed indication error at (Wno) would result in
exceeding the design gust load factor by 0.33g.

During our review, the FAA developed estimateshefwing bending and torsion loads

to determine the relative importance of each oé¢hesues. We estimated the wing loads
assuming a minimum value for the MZFW of 1,210 lssed on an empty weight of 830
Ibs and 380 Ibs for the occupants. We also stutteeffects of providing an increased
MZFW of 1,250 Ibs to account for differences in éynweight across the existing fleet,
additional installed equipment (e.g. ballistic reexy systems), and for potential
structural modifications to the design. Our estedating bending and torsion loads are
significantly higher than those computed by the afiacturer, as shown in figure 1.

(Note: We have removed the actual load values figares 1 through 4 to protect the
manufacturer’s proprietary information and data.)

The FAA also studied the importance of the ainfaithing moment data. As shown in
figure 2, the accuracy of this data is criticatlgtermining the torsion loads the
manufacturer must use to design the wing. For coisgrato the manufacturer’'s data
during the completion of this study, we used wimdnel test data from the widely used
academic publication ‘Theory of Wing Sections’ bighftt and Von Doenhoff for an
airfoil that appeared to be similar to the one rpooated into the CH 601 XL wing.

The FAA completed its load analysis and providedammments to the manufacturer in
September 2009. Based on our comments, the mauatdacevised their analysis, re-
tested the static strength of the wing structuné, @rovided us with the updated analysis
and test results. The manufacturer agreed witlir-&#%'s position on the distribution of
lift along the wing span, the fuel tank capacityddhe interpretation of ASTM F2245
§X.1.3.3.3. However, the manufacturer did not agvitle, and did not incorporate into
their analysis, the FAA position on the distribuatiof lift between the wing and the
fuselage, MZFW, airfoil pitching moment data, ahd tdesign maneuvering speed, V

The manufacturer successfully tested the modifigdywtructure to loads higher than
determined in their revised analysis. The wingdtme did not fail at the ultimate test
loads. However, the wing attachment bolts were badtthe attachment bolt holes were
elongated, indicating there was permanent damatjetstructure at these loads. We
have depicted the loads from the manufacturer'seevanalysis and static test in figure
3.

Despite disagreeing with our position on seveghificant issues, the maximum bending
moment achieved in the static test is only a fevegra below our estimated maximum
required bending moment. The maximum torsion laddeved in the test may only be a
few percent below our estimated maximum torsiorvigied the manufacturer can justify
the airfoil pitching moment data with applicablsttdata. It is possible that if the
manufacturer had continued the static test to &tratfailure, the ultimate test load could
have equaled or exceeded FAA estimates of thenextjload envelope.
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Figure 4 presents a history of the manufactureesl$ analysis and static testing. We
provide this information to provide a time linetbé manufacturer’s structural analysis
and testing.

Figure 1: Comparison of FAA Estimated Loads with ‘Zodiac CH 601 XL Stress Analysis and Tests’
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Figure 2: Effect of Pitching Moment Characteristicson Wing Design Loads
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Figure 3: Revised Zodiac Analysis and Static Test Wg Design Loads
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Figure 4: History of Zodiac Wing Structural Loads Analysis and Tests
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Recommendations for the Manufacturer:

The manufacturer stopped the static test of theifreddstructure
approximately five percent below the FAA’s loadimsttes required for
ASTM compliance. At the time of this report, thermmaacturer was
continuing to make modifications to the wing sturetand the drawings
referenced by the safety directive to provide fartimprovements. The
manufacturer should consider additional structtesiing and analysis once a
final design is reached to demonstrate the new wiagts the ASTM
standards.

The manufacturer should establish a MZFW for theGDH XL. The

minimum value for the MZFW is 1,210 Ibs, based orempty weight of 830
Ibs. The manufacturer should consider higher valoethe MZFW, given the
empty weights of the existing fleets, owner’s prefee for installed
equipment including ballistic recovery systems, evigpreference for
allowable baggage, and the weight of any structuaifications. The
manufacturer should revise the POH and includermé&bion on an acceptable
MZFW.
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The manufacturer should establish limitations fgr Vno, and \e. Based on
the data currently available,

Vo= 94 mph, CAS (See recommended revision to ASTM
standard discussed below.)

Vo= 124 mph, CAS (See recommended revision to
ASTM standard discussed below.)

Vne= 161 mph, CAS

Suggested Revisions to ASTM International F 224&-07

The standard should be improved to clarify the neembnsider payload and
fuel combinations and to inform the pilot of anyiiations on payload and
fuel distributions. Specifically, the ASTM standasigould incorporate a
requirement similar to 14 CFR Part 23 § 23.321 Wwhexuires compliance to
the flight load requirements for any practicablgtdoution of disposable load
(Use of Appendix A in 14 CFR Part 23 does not péelthe requirements of
§ 23.321.). Section 9 of the ASTM standard shoetguire inclusion of the
MZFW in the operating limitations section of the IRO

The standard should provide a correct equatioV @, in F 2245 § X1.1.
The definition should be changed to reflect 14 GFRt 23 § A23.3.

The standard should incorporate the ‘operating magrespeed’, ¥4, similar
to 14 CFR Part 23 § 23.1507¢Would replace the value fora\specified in
section 9 of the ASTM standard. The ASTM standaud’s of \6 would
provide common nomenclature between newly typefioatied airplanes and
LSA designs. The use ofoMvould also provide the pilot with the correct
maneuvering speed in cases where the designeeleases! a value for ¥/
other than ¥ Ony, such as from ASTM F 2245 § X1.1.

The standard should provide a correct equatioV g, in F 2245 § X1.1.
The definition should be changed to reflect 14 GFRt 23 § A23.3.

The standard should incorporate the maximum stralctuuising speed, M,
similar to 14 CFR Part 2823.1505. Section 9 of the ASTM standard does
not currently provide the pilot with informationrfthe maximum allowable
normal operating speed. Use ajdAvould provide common nomenclature
with type certificated airplanes and ensure thiat’siwould not exceed the
structural capability of the airplane. Pilots sttbuhderstand the risk of
exceeding Yo and should only consider doing so in smooth air.

The standard should provide a correct equatioVfgfi, in F 2245 § X1.1.
The definition should be changed to reflect 14 QAR 23 § A23.3.
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Section 5.2.4.4 should clarify that the designex th@ option to define yin
terms of the demonstrated dive speegk.V

4.2 Flutter Investigation

The flutter investigation consisted of a thoroughiew of the available accident
photographs and physical components of the Zodid&QL XL accident airplanes. We
also considered reports and conclusions from eatswurces, including the NTSB,
foreign government regulatory agencies, eyewitaessunts, and independent technical
evaluations. Additionally, we reviewed availabletfér report summaries and GVT
results. The FAA did not perform a formal flutteradysis because our load analysis, as
shown in section 4.1, indicated the wing structuoald need to be redesigned,
impacting the flutter characteristics of the widgsummary of our flutter evaluation is
provided for each source of information in thedaling sections:

Photographs and physical evidence

The FAA evaluated the photographic evidence of s¢\aecident aircraft and observed
the physical evidence first hand of the Antelopanid accident aircraft. The evidence
indicates the presence of compression failure®th the upper and lower aft spar caps
(or skins). In some cases the evidence shows aletenping failure in one direction, yet
exhibits compression buckling consistent with bagdn the other direction as well. This
combined condition is indicative of complete loaglersal and provides consistent
evidence that flutter occurred in these cases.

Reports and conclusions from the NTSB, other fargigvernment requlatory
agencies, and eyewitness accounts

The NTSB identified flutter as the primary causedeveral accidents, citing similar
evidence to what was stated in the previous seclibeir expertise in accident
investigation enables them to distinguish betwesnape that occurred in flight during
the structural break-up sequence, and damage ciosednpact with the ground. The
NTSB has pointed out that the location of the bingkfailures on the upper and lower
surfaces of both wings has been observed condistanteveral accident aircraft.
Additionally the direction of the loading that wdutreate those buckles is typically in a
direction inconsistent with the loading from thepmat with terrain. However the
evidence is consistent with wing bending and/ostig as would be observed during
flutter where wing bending and torsion combine vatimtrol surface rotation about the
wing torsional axis. Additionally the NTSB observia@ compression buckling of the
lower spar cap was at the lower edge of the haeahowed the aileron push rod to pass
through the rear spar web. The compression bucklinige upper spar cap was several
inches inboard of the flap/aileron junction. Botkas should be addressed by the
modifications in the safety directive from AMD.

Foreign government agencies have also declaredlttar was their primary concern
and evidence pointed to flutter as a primary cafasabr for the in flight structural
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failures. The FAA agrees flutter is a major concand is pleased the modifications
required by the safety directive from AMD will balze the aileron controls to address
potential excitation from improperly rigged aileroontrols.

Pilots have reported to the NTSB that they expegdrwhat can only be described as
flutter. These reports have been documented arith@etr portions of those reports are
available on the NTSB web site at: http: www.ntstp.o

Available flutter report summaries and GVT results

Several reports were reviewed from the Zenith Barilnalysis Group (ZBAG). They
were prepared by a well qualified Civil Aviationf8ty Agency aerospace engineer with
similar credentials to an FAA DER with experienadlutter testing and analysis.
According to these reports, which used a simplifigd dimensional flutter analysis,
there is an indication of the occurrence of twdedént flutter modes within the approved
flight envelope of the CH 601 XL airplane. At leaste of those modes indicated an
interaction between wing bending and aileron rotatHowever, at the time of the
analysis, the author did not have access to the @atd to fine tune his analysis.

The Hamburg University of Technology (TUHH) was tacted by the manufacturer to
perform a complete GVT and flutter analysis. Prededr. Ing Uwe Weltin performed
this analysis. His report looked at the typicaéan flutter analysis and didn’t show any
tendency for flutter within the CH 601 XL flight eelope. However, his analysis
indicated that non-linear flutter analysis couldigate a possibility of flutter or vibration
within the flight envelope. Due to the flexibilitgherent in the wings (wing skins buckle
prior to ultimate load), it may be necessary tosider non-linear evaluation techniques
of the flutter characteristics since the frequeacg mode shapes may be affected by post
buckling effects on wing skin structural stiffneksik to several reports related to flutter
analysis of the CH 601 XL are as follows:
http://www.zenairulm.com/FAQ/pdfdocs/CH601XL-GVTrR6.pdf
http://zenithair.com/zodiac/xl/data/GVT-Report-CH&Qpdf
http://zenithair.com/zodiac/xl/data/GVT-Report CH6Y0-EG.pdf

Conclusion

Based on the evidence and analysis availableciea that flutter appears to be a causal
factor to the in-flight breakup of the airplaneswever, it is not clear whether it was the
primary causal factor, or occurred after some oithiéal structural deformation caused
local changes in wing section angle of attack.tBtunhvestigation requires a highly
technical, detailed, and complex analysis. The F#Anot perform a detailed analysis to
determine the flutter characteristics of the CH 801 recognizing the flutter
characteristics would change once the modificatreqsired by the AMD safety

directive are incorporated. Those modificationd imilpact the structural stiffness of the
wing, which will cause it to have different frequgresponse and damping
characteristics from the unmodified design.
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The manufacturer needs to reevaluate the modiflé @@L XL wing structure with the
balanced ailerons to determine the flutter charesties of the modified design. This
should include a complete flutter investigation (GVutter analysis, and flight test)
accomplished by a noted flutter expert on the mediflesign.

It is also important to note that despite effoot$ower the maximum weight, speed, and
maneuvering speed to make the current wing desigguate for the design loads, there
does not appear to be a single complete fluttelysisahat shows the airplane is free
from flutter. Of the reports available for the FA@review, all arrive at different
conclusions and none appear comprehensive (i.€l,, @valysis, and proper flight test),
and none were completed by an approved FAA flidfR, though their involvement is
not required. Some consider the ASTM guidancdlftier compliance to be vague. The
FAA is working with the ASTM F37 executive commé#te determine what additional
flutter requirements would be appropriate for tf8ALcommunity.

For the CH 601 XL, testing by the UK LAA during th8utter mitigation program
seems to indicate that having balanced aileroratlgreeduces any potential for flutter.
The FAA'’s concerns for flutter should be mitigatatte the manufacturer has done
testing and analysis to validate the revised dedige changes required by the recent
safety directive from AMD include:

Structural modification to the wing;

The aileron modifications designed by the UK LAA;

Verification of flap and other control stop instdibns;
Modifications to the aileron bell-crank attachmearip

A requirement to check the control cable tensicfsie each flight.

4.3 Stress Analysis

An in-depth stress analysis was not performed ersthucture of the CH 601 XL.
However conclusions regarding the stress charatiteyiof the design were gathered
from the review of the following:

The manufacturer’s report ‘Zodiac CH 601XLSA Strésslysis and Tests’;
Static tests completed by the manufacturer andientn Europe;

Structural design drawings;

Proposed modification drawings;

Accident reports/photographs; and

Examination of a representative airplane at theufaaturer’s facility in Mexico,
Missouri.

Qualitatively, the following observations were mddsm our review of the available

data. A review was performed on the original amglatructure designed to the flight
loads that have been identified earlier in thiorefo be non-conservative. Regardless, it
appears that the structure incorporating the requmodifications from the safety
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directive would comply with the applicable ASTM émbational standards from a stress
analysis standpoint.

The original CH 601 XL design is constructed fragtatively light sheet aluminum
material; typically, 0.016-0.025 inch sheet. Thaktively light structural material
appears to provide very light integral stiffenimdyich allows for diagonal wing skin
panel buckling even when simply applying an upwarde to the wingtip by hand with
the aircraft on the ground. Localized bucklingha buter wing skin near the aileron bell-
crank support rib was also noted during informedsg evaluations. This rib appears to
support both in-flight wing loads and loads frorne thileron control system. Several
accident photos indicated buckling in this winggkb area as a result of the accident
aircraft failure sequence. Having aileron cablesi@ms too high could also influence the
load carrying capability of this particular rib. &@lmodifications required by the AMD
safety directive will strengthen this rib and thiern bell-crank attachment point, and
should address FAA stress concerns regardingréagth.

Another item of note is the wing spar constructibne wing spar has three components,
two outer sections and a center section, whiclsplieed together at the side-of-body on
both sides of the fuselage. The spar is cantedai@hwine degrees and the upper and
lower chords consist only of thicker straps. Tharsghords do not have structural flanges
that are usually present on most typical spar desi§uch flanges work to resist

buckling, which has been noted in static load testthe CH 601 XL, and is present in
accident photos. For example, structural tests ¢etegh by Czech Aircraft Works

(CZAW) exhibited buckling in the upper spar chongsr the wing tanks that resulted in
wing failure at loads below ultimate and at a weiglwver than the LSA version of this
airplane.

Similar tests were performed by the manufactur€@anada in September 2009 on a
modified structure to the 1,320 Ib weight LSA versbf this aircraft. During these tests,
buckling was noted in the wing structure belowrnéte load, so the tests were halted and
the wing structure was modified. This modified stte was tested to within a few
percent of ultimate load as summarized in the Ie@dsion of this report. This modified
structure may have been able to handle slightlizdnigpads prior to failure. A

comparison of the two tests indicates the modificest required by the safety directive
enhance the design.

The manufacturer provided drawings to the FAA thethiled their modifications to the
wing structure required by their safety directiVee modifications include adding angles
to the inboard portions of the outer wings, addingenter wing spar doubler, adding
wing to body joint attachment improvements, addiigforcements to the wing rib at the
aileron bell-crank, and adding reinforcements toréar spar at the aileron control rod
aperture.

These modifications appear to have addressed addieaball the areas identified by the

FAA as potential static-load weak points in theigiesThis conclusion is supported by
the most recent structural tests.
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4.4 Stick-Force Characteristics

A manufacturer’s flight test report dated Novem®@d5 was used as the primary source
of data for the FAA to evaluate the stick-force raageristics of the CH 601 XL against
the FAA accepted version of the ASTM InternatioaB245-07a, 4.5.2.2. The results
were also compared to 14 CFR Part 23 § 23.155FR#efound the manufacturer’s
Flight Test Report data is compliant with the ASEMndard. Although not required to
comply with 14 CFR part 23, we found the data ate®ts the standards of 14 CFR Part
23 § 23.155(a) and (c).

ASTM 4.5.2.2 states, “Longitudinal control forcdsaB increase with increasing load
factors.” For reference, 14 CFR Part 23 § 23.158@es, “There must be no excessive
decrease in the gradient of the curve of stickdarersus maneuvering load factor with
increasing load factor.”

The NTSB recommended testing the aircraft stickdgrer g at maximum aft center of
gravity. However, there is no regulatory requiretfentesting in this configuration in
either the ASTM standard or in 14 CFR Part 23 §23. For reference, the FAA's
applicable guidance in AC 23-8B recommend testirafteheavy and light center of
gravity configurations to verify proper control éas.

The UK LAA performed flight tests for a flutter ngation program and provided the
results to the FAA. Stick force per g evaluatioreyevconducted at both forward and aft
cg. Figure 5 shows the data they obtained appedrs tompliant with the ASTM
standards as well as with 14 CFR Part 23 § 23.158ote: We have removed the actual
stick force and g load values from figure 5 to pobtthe manufacturer’s proprietary
information and data.)

Though not required to do so, it appears theistEdlowed the guidance provided by AC
23-8B. However, when applying this guidance tocafiter of gravity data to match
compliance with 14 CFR Part 23 § 23.155(a), Figushows the stick force at limit load
appears to extrapolate to a value slightly less tha 15 pound minimum requirement at
limit load. Though the CH 601 XL does not have ¢onply with 14 CFR Part 23, the
data does indicate that stick force gradients ntypa acceptable for aircraft that are
intentionally or unintentionally flown outside tiROH center of gravity limits. This is
simply presented for regulatory comparison, as ER @art 23 § 23.155(a) is not
currently reflected in the ASTM standards at anyteeof gravity configuration.
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Figure 5: CH 601 XL Stick Force per g Evaluation
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The review of the stick force per g ASTM standaedeyated the following
comments and recommendations:

The current ASTM Standard F2245, 4.5.2.2 is acjualbre stringent than its
14 CFR Part 23 § 23.155(c) counterpart and mayirearechanged.
The ASTM standard does not currently require a mim control force at the
limit load factor. ASTM International should ametieir standards to require
a minimum control force at limit load factor, sianilto concepts defined in 14
CFR Part 23 § 23.155(a).
Just as 14 CFR Part 23 uses AC 23-8B for flightdaglance material,
ASTM uses an Appendix to supplement their standeocbetter define the
increase in elevator control forces in maneuvargjance similar to the
following in AC 23-8B should be adopted in ASTM'2B45 Appendix:
o0 AC 23-8B, Paragraph 51(a) which describes whyrigsit aft center
of gravity configurations is important to evaluatek force.
0 AC 23-8B, Paragraph 51(d) which quantifies ministadk force per g
gradients for both stick and wheel controlled aingas.
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4.5 Airspeed Calibration

The manufacturer’s flight test report was reviewledppears the airspeed calibration
data presented was only calibrating indicated agdpo true airspeed. Since this data
was collected at a non-standard day temperatusé°@f, and at an altitude other than sea
level, a density correction must be applied totthe airspeeds to accurately determine
the calibrated airspeeds (compressibility effectsrmt applicable to light sport
airplanes). Figure 6 shows the effect of applyirsjeendard day correction to the airspeed
calibration. (Note: We have removed the actuapaesl values from figures 6 through 8
to protect the manufacturer’s proprietary inforroatand data.)

The test report states a global positioning systeRiS) reverse course method was used
for the airspeed calibration. This method has ti@aklly been acceptable for airspeed
calibrations in this type of airplane. Howeverptvalid both the airspeed and altitude
must be constant while the data is collected. Rtwrdata reviewed, it appears there are
numerous data points collected aboye wWhich implies that the aircraft must have been
in a dive to reach those speeds. This potentiallglidates the GPS reverse course
method.

More accurate airspeed calibration methods ardadblaiand are commonly used for
modern, more complex aircraft. These include theeaisa calibrated static pressure
source, such as a pitot-static boom or probe,aadibrated static trailing cone. In
addition, a modified GPS based method flying mtdtipgs has become the norm for
modern aircraft. The FAA suggests the manufactwoek with a qualified technical
source to develop a revised calibration method.igady Circular 23-8B is available as a
reference, and contains suggested calibration rdstho

Regarding stall speed, the manufacturer’s fligkt teport determined the flaps up stall
speed to be 35 knots indicated airspeed (KIASip0) which was reported as 43 knots
calibrated airspeed (KCAS) (50 mph). In realityvds 43 knots true airspeed (KTAS)
(49 mph), which after correcting to standard dayditions; the stall speed is calculated
to be 41 KCAS (47 mph). The manufacturer’'s Airpl&tight Manual (AFM) reported a
43 knot (49 mph) flaps up stall speed indicatira $tandard day corrections were not
applied to the flight test data.
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Figure 6: Standard Day Correction Effects on CH 60IXL Airspeed Calibration
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The design maneuvering airspeed, V6 defined per ASTM F2245-07a, Section 5.2.4.1
(and 14 CFR Part 23 § 23.335(c)) as follows:

VA = VS * O’l

Where \5 is the stalling speed and n is the limit load dacif the design.
For the Zodiac n =4 so the previous equation resolw:

VA = VS *2.0
The manufacturer determined thg 90 KCAS (103 mph) when using what it thought to
be its stall speed of 43 KCAS (49 mph) instead®K&AS (43 * 2.0) making it non-
conservative by 4 knots (5 mph). However, usingstlh@dard day corrected stall speed
of 41 KCAS (47 mph) results in a\of 82 KCAS (94 mph). Therefore, the

manufacturer’s stated value of & 8 knots (9 mph) high and non-conservative. The
potential to overstress the aircraft by unknowingkgeeding the maneuvering speed and
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using full control inputs exists. It should be ribthat Vj is a function of the airplane
weight and the value published in the POH shoulddsed on the worst case.

The FAA did not obtain a copy of the CZAW'’s fligtetst report for review. However,
CZAW did publish its airspeed calibration withis POH and a copy of that document
was collected and reviewed.

A comparison was made between CZAW and the manutats airspeed calibrations.
The calibrations were substantially different infbshape and magnitude. Without the
flight test report, it is impossible to say whidiibration is correct assuming that both
designs are identical. Therefore, the potentiaMvterspeed the aircraft exists. However,
as part of the UK LAA flutter mitigation flight teprogram, an airspeed calibration was
conducted and the results were overlaid with tHiasa the manufacturer and CZAW, as
seen in Figure 7. (Note: We have removed the aeitgpeed values from figures 6
through 8 to protect the manufacturer’s proprietafgrmation and data.)

Figure 7: Zodiac CH 601 XL Airspeed Calibration Conparison
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The UK LAA's flight test results are similar in maigude to the manufacturer’s data, but
trend with CZAW'’s data making the comparison indasive. Using a different

approach to determine the validity of the calilmatdata, a 14 CFR Part 23 § 23.1323(b)
analysis was performed on these data sets and sip@aphically in Figure 8. It should be
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noted there is currently no equivalent ASTM staddand no requirement for S-LSA
airplanes to meet 14 CFR part 23.

Figure 8: Zodiac Airspeed Calibration Evaluation pe 14 CFR Part 23 § 23.1323(b)

Zodiac CH 601 XL Airspeed Calibrations
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To evaluate the airspeed error per 14 CFR Part288323(b), the error dV, must be
less than = 5 knots or 3% bounded by a lower aadé 1.3\4; to a maximum airspeed
of V\e. Using the manufacturer’s values, this meanstthateet 14 CFR Part 23 8
23.1323(b), all the applicable data needs to falhe enclosed + 5 knot rectangle.

With these criteria in mind, the manufacturer’'sgoral calibration did not meet 14 CFR
Part 23 § 23.1323 until after correcting for stadd#ay temperature conditions. For
comparison, neither CZAW nor the UK LAA’s data negétt CFR Part 23 § 23.1323,
though they are not required to do so. Howevey itnusual for a low speed aircraft like
the CH 601 XL to need a -24 knot static sourceraroorection, indicating a potential
error in the calibration methods used. If corrdateproperly, this large airspeed error
could translate into approximately a 2.8g loadett#hce at maneuver speed for the CH
601 XL and CH 650. This evaluation suggests thel fi@ean ASTM standard similar to
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14 CFR Part 23 § 23.1323 to assist both the LSAufis@turers and kit builders in the
proper placement of their pitot-static system topgrly account for static source position
error.

4.6 Pilots Operating Handbook

We reviewed the POH as part of the operating/agd pienitations evaluation, with the
following comments and/or recommendations:

There may be some confusion as to what is meatitedbglesign maneuvering
speed, Y. On page 7-1, Airspeeds for Safe Operation, (chdlent Air

Operating Speed, should say ‘Do not exceeq)’(\t currently says, ‘Do not
exceed (\)’, which is incorrect.

Though not defined or required in the current v@rsaf the ASTM standard, a
proposed update to the ASTM standard would prog&itions for the airspeed
indicator markings. The manufacturer's POH providefinitions for the airspeed
indicator markings on page 9-1 that are consistéhtthe proposed ASTM
standards. The description appropriately notesitpgficance of the green arc,
but the range is not consistent with descriptionthe comparable Part 23
regulations. It was incorrectly defined as-VVa though this would be
conservative. It should besW- Vo to be consistent with Part 23 indicating that
both the manufacturer's POH and the ASTM standaegs! to be adjusted so that
they are aligned with the Part 23 regulation.

Similarly, the significance description of the ysll arc is correct but the range is
not. It was incorrectly defined as\ Ve though this would be conservative. It
should be Yo — Vne to be consistent with 14 CFR Part 23.

4.7 Flight Evaluation

Because sufficient flight test data was availabbenf the manufacturer and from other
airworthiness authorities, the FAA decided agamestorming its own flight test
evaluations of the CH 601 XL. We deemed these testecessary, as they would have
largely been a repeat of tests already performét,data made available to the FAA.
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5.0 OBSERVATIONS AND
RECOMMENDATIONS

Previous sections of this document have presehgedafety concerns and the data
gathered during the special review to address tfdms.section presents the observations
and recommendations developed from this review.rébemmendations are based on
the Zodiac Special Review Team'’s analysis and ifmout all involved, including the
NTSB, the S-LSA manufacturer, the amateur-builipkdducer, the aircraft designer, and
owners/operators.

5.1 General Observations

1) Data gathered by the FAA indicate the structurthefwing for the CH 601 XL
was not designed properly to accommodate the fB2A.Ib weight for the US
LSA market. Instead it appears, from testing donether authorities and the
company, that the wing structure was not adequalestygned, analyzed, or tested
to accommodate a 1,320 Ib LSA limit. Several othesions of the CH 601 XL
are available in Canada and Europe with signifigdotver maximum takeoff
weights. This may be one of the primary root cadeethe structural
deformations and subsequent failures of the wind,maay be a potential link to
the flutter or vibrations experienced in flight 6Y4 601 XL operators.

2) Flutter investigation by the FAA was inconclusive the CH 601 XL. However,
the number of in-flight instances reported and datihered from accident photos
and a review of wreckage from several of the igHlistructural failures indicates
flutter was present in many of the accidents. Eéftw balance the ailerons may
help, but the manufacturer needs to verify throagalysis and testing that the
final design does not have any flutter related [mois.

3) A review of the build records indicated more deteéds to be captured for
individual aircraft as they are produced and chdaka before flight. The
following observations were made during the visiAMD. These observations
were made during the review of the production breicbrds for serial number
601-016S, Reg. # N158MD:

Values for the control surface deflections and eabhsions are not recorded
in the build records.
Left wing inspection does not record check-off d&deron deflection and stop,
aileron cable tension, and flap deflection and .stop
There were no written production procedures fairggtontrol surface
deflections or cable tensions. The production managthe only person who
performs/oversees this function.

4) lItis clear that owners and operators may not futigerstand the process

necessary to properly calibrate the airspeed itidgaystem, and what markings

Zodiac Special Review Team Report 32 January 2010



are critical to help pilots fly the CH 601 XL acdarng to the limits in the POH.
FAA analysis shows that many aircraft, particulakperimental amateur-built,
do not have proper airspeed markings to indicdte §@eeds for operating in
turbulent conditions or to stay within the maximoperating speed. When
coupled with the lightly designed structure andlitlet control forces at aft
center of gravity conditions, improper operatingegls may be a significant
contributor to the in flight structural failurescaents of the CH 601 XL. The
FAA is working with the ASTM F37 committee to credietter standards and
calibration procedures for LSA.

5.2 Summary of Recommendations

1) According to 14 CFR Part 21 § 21.190(c)(5), owraerd operators of S-LSA CH
601 XL and CH 650 must adhere to the requiremeintseo)AMD safety
directive, dated November 7, 2009 to address thengpial safety issues listed in
this report. In a related FAA SAIB CE-10-08, theAAlso recommended that
owners and operators of the kit built versionshefse aircraft review the SAIB
and follow the AMD safety directive. The FAA wilbatinue to monitor the
situation to verify the SAIB, Airworthiness Memaj)dhSafety Directive are
having the desired impact on the CH 601 XL and GH feet.

2) Because the manufacturer’s tests stopped at afleegdercent below FAA
estimates for wing bending load, the manufactuesds to analyze the additional
structural modifications or additional testing arthlysis necessary to alleviate
any remaining concerns over the adequacy of tipéaaie design loads and
structural capability. The manufacturer has comthto modify the wing
structure since their September 2009 tests, sold#test modifications may
already address this concern. The manufacturdmems to provide information
regarding the situation on their web site, so owra@rd operators should contact
the manufacturer for the latest information.

3) The manufacturer should determine and make re\dsmithe POH for the correct
value of Vi, using the stall speed determined by flight te#th) corrections for
temperature and airspeed calibration. The manufarcsinould also consider
renaming M and \t in the POH to ¥ and \Wo. (See recommended revisions to
ASTM standard.)

4) The manufacturer should establish a MZFW and ratied°OH to include
information on an acceptable MZFW.

5) The manufacturer should reevaluate the wing straatwodified per the AMD
safety directive to determine the flutter charastms of the modified design.
This should include a complete flutter investigat{GVT, flutter analysis, and
flight test) and be accomplished by a noted fluttgert.

6) ASTM standard F 2245-0%&hould be improved to clarify the need to consider
payload and fuel combinations and to inform thetplf any limitations on
payload and fuel distributions. Section 9 of theTAMBstandard should require
inclusion of the MZFW in the operating limitatioesction of the pilot operating
handbook.
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7) The ASTM standard should provide a correct equdtoN pmin in F 2245 §
X1.1. The definition should be changed to refletiCIFR Part 23 § A23.3.

8) The ASTM standard should be changed to incorpah&éoperating maneuver
speed’, \4, similar to 14 CFR Part 23 § 23.1507% Would replace the value for
V a specified in section 9 of the ASTM standard. The af \,b would also
provide the pilot with the correct maneuvering speecases where the designer
has selected a value for\dther than ¥ On1, such as from ASTM F 2245 §
X1.1.

9) The ASTM standard should provide a correct equadoVcin in F 2245 §
X1.1. The definition should be changed to refletlCFR Part 23 § A23.3.

10)The ASTM standard should be changed to incorpdh&tenaximum structural
cruising speed, \b. Section 9 of the ASTM standard does not currgotbyide
the pilot with information for the maximum allowa&bohormal operating speed.
Use of o would provide common nomenclature with type ciediled airplanes
and ensure that pilot’'s would not exceed the stirattapability of the airplane.
Pilots should recognize the risk of exceeding ¥nd should only consider doing
S0 in smooth air.

11)The ASTM standard should provide a correct equdtoVpmin in F 2245 §
X1.1. The definition should be changed to refletiCIFR part 23 § A23.3.

12)ASTM 5.2.4.4 should be revised to clarify that tesigner has the option to
define \p in terms of the demonstrated dive speesk. V

13)ASTM International consensus standard F 2279, @randractice for Quality
Assurance in the Manufacture of Fixed Wing Lighb&ircraft should be
reviewed for quality assurance requirements. Thaere observed at AMD a lack
of documented processes and procedures to acgudatelrmine and record
critical flight safety data in reference to fligtdntrols. The current consensus
standard identifies minimal requirements in regardritten procedures and
recording of data. In addition, there is littleanhation on acceptable methods,
processes, or procedures for conformance to theresgents. A recent review of
several LSA manufacturers done by AIR-200 alsocai#is improvements are
needed in the area of quality assurance and réemping industry wide.

14)The current ASTM Standard F2245, 4.5.2.2 is aggualbre stringent than its 14
CFR Part 23 § 23.155(c) counterpart and may remnahanged. However, it is
recommended that the ASTM standard be amendedjtireea minimum control
force at limit load factor. ASTM could use requirembs similar to 14 CFR Part
23 § 23.155(a).

15)To better define the flight evaluation of elevatontrol forces, guidance similar
to that contained in AC 23-8B Paragraph 51(a) a(d)sshould be adopted in
ASTM's F 2245 Appendix to describe why testing miadt cg configuration is
important to evaluate stick force per g relatiopshand quantify the minimal
stick force per g gradients for both stick and wheatrolled airplanes,
respectively.

16)Proper airspeed calibration procedures (acceptabthods and associated
corrections) should be added to ASTM guidance 8T F2279, or some other
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means. ASTM should adopt a standard similar to Za8 23.1323(b) to assist
both the LSA manufacturer and kit builders in theper placement of their pitot
static system to properly account for static soy@stion error.

17)The ASTM standards should be revised to requispagds in the S-LSA’s POH
to be given in indicated and calibrated airspe@tiss will complete the airspeed
calibration process and provide the recipient weiddy-to-fly airspeed
limitations. The current ASTM standards only regqualibrated airspeeds to be
published in an S-LSA’s POH placing the respongybdf calibrating the
airplane’s pitot static system on the recipient.iilt aircraft would still have to
perform the airspeed calibration procedures asdneyurrently required to do
and would be unaffected by this recommendation.

18)ASTM should adopt airspeed indicator marking statslal hese standards need
to be aligned with the corresponding Part 23 regula to remove any cockpit
confusion between the LSA and Part 23 fleets

19) The manufacturer should conduct a formal risk assest of the situation,
according to the requirements of ASTM F-2295. Tdag is normally used to
identify the risk associated with each safety ezlassue for a design, indicating
the appropriate response. The FAA believes thedants and the data collected
by the special review indicate several of the yafefated issues for the design are
potentially catastrophic. The safety directive mexis meant to deal with
potentially catastrophic issues, so the outcomeagatesired. However, the FAA
did not receive a formal risk assessment from thaufacturer to address the
situation.

20)The FAA should define an acceptable level of rimkdmateur-built aircraft and
consider whether further action is necessary.
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6.0 CONCLUSION

The special review team evaluated the design aathtipnal details of the CH 601 XL
and variants that share a common wing design. €uew of related accidents did not
indicate a single root cause, but instead implat#éte potential combination of several
design and operation aspects.

Analysis during the special review found the lodes manufacturer used to design the
structure do not meet the design standards fa8201b (600kg) airplane. Static load test
data verifies this conclusion. The special reviéso adentified other factors that could
contribute to the tendency to overload the wingdtire during flight, including
airplane’s flutter characteristics, stick forcedjeats, airspeed calibration, and operating
limitations.

The manufacturer’s test data verified the lightgieidesign of the wing structure was
also susceptible to deformation and buckling befeeehing limit load, particularly at

the aileron attachment rib location. This deformattould weaken the overall strength of
the wing structure, and could contribute to thelecy for flutter to occur.

The FAA has taken steps to notify the public of shéety related issues with this design
and called for owners and operators to make madiéins to their aircraft as proposed by
the manufacturer. On November 7, 2009, the FAAadsBAIB CE-10-08 to inform
owners and operators of potential safety issuds thhéd CH 601 XL and CH 650. The
FAA also issued an action November 12, 2009 toecesssiance of new airworthiness
certificates until the safety related issues adresbed. Concurrently, AMD issued a
safety directive for the S-LSA versions of the CBHLEXL and CH 650 to address the
situation and to communicate details of modificasioequired before further flight.

Zenith Aircraft also communicated similar infornmatito owners and operators of
experimental versions of the CH 601 XL and CH 650.

The manufacturer was still modifying the desigthattime of this report. The
manufacturer needs to re-test the modified wingcstire once a final design is reached
using loads appropriate for the operating envetidfe1,3201b aircraft to verify the new
design. They need to verify through test and aimaitpe final design is not susceptible to
flutter. They need to publish better informatiogaeding proper airspeed calibration, the
light stick forces, and the tendency for this a@n@ to be loaded to an aft center of
gravity and overweight condition for pilots thatrdidfiit the 190 Ib ASTM standard for
LSA pilots. Finally, they need to provide a statat®at the aircraft being altered will
still meet the requirements of ASTM F2245 after thanges are made.

With type-certificated aircraft, airworthiness sdands play an important role in
establishing an acceptable level of safety. Theiapeeview team recognizes that if this
were a 14 CFR part 23 type-certificated aircrafis likely the FAA would have taken
airworthiness directive action to address an unsaelition. Similarly, the consensus

Zodiac Special Review Team Report 36 January 2010



standards play an important role in establishing@reptable level of safety for S-LSA
aircraft. Manufacturer’s safety directives are usedddress S-LSA safety issues.

However, with experimental amateur-built aircréfie aircraft's design need not meet
either airworthiness or consensus standards. khstiea operating limitations play an
important role in establishing the appropriate I@fesafety for these aircraft. Without
design standards for amateur-built aircraft, difficult to determine whether in-service
airworthiness concerns warrant FAA action.

This situation leaves an open question and possésd for future action by the FAA to
define the appropriate level of safety for E-LSAdamateur-built aircraft. The special
review team believes this to be a pivotal pointdefining an appropriate level of safety
for experimental amateur-built aircraft and for tif#A community. The situation has
galvanized the need for the FAA to clearly defineaacepted level of risk for this
segment of the market, and consider what meansdvimiheeded to achieve that level of
safety.

The actions the FAA has already taken provide suitigation for the potential safety
related issues that are likely to exist in the EAL#hd amateur-built versions of the
design. EAA survey data indicates that a majoritgwners and operators are well aware
of the issues and agree they should not fly uméythave further information from the
FAA and the manufacturer.

Once the manufacturer has verified the new des$igrugh further testing and analysis in
support of the statement of compliance to the ASIdhdards, owner/operators can
make the suggested modifications, and the CH 60aixd_.CH 650 should be able to
return to safe flight following applicable FAA po¥i and practice.
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