An Open Letter To The E-AB Community Of 601XL Builders/Flyers

My name is Andy Elliott.  EAA #687140.  I have a flying Corvair-powered 601XL taildragger constructed from a quick-built kit (from Zenair in Canada).  My plane is certified Experimental – Amateur Built.  My first flight was 24 Nov 2008 and the plane now has about 145 hrs on it, including a summer trip to Oshkosh from my home base in Mesa, AZ.  

I have an ATP and something over 4000 hours flying time, more than half of it military, in both fixed-wing and helicopters.  I did my B.S. at MIT (1974) and my Masters and Ph.D. (1987) at the Univ. of Maryland, all in Aerospace Engineering.  

And I am really upset by the way the FAA, NTSB and Zenith have handled the hypothetical problem with the 601XL design, and am trying to figure out what to do, if anything, to my aircraft.

Please Note:  The discussion here is directed specifically toward concerned builder/owners of 601XL aircraft already certified in the Experimental-Amateur Built category.  This discussion does not apply to S-LSA or E-LSA aircraft, and is probably irrelevant to not-yet-certified E-AB aircraft unless the FAA changes its directions to the DAR community.  It also is not meant for second or later owners of Experimental 601XL’s, who may have much less knowledge about their specific aircraft’s construction.

Disclaimer:  Nothing presented here is meant to be directive in any way, shape or form.  Facts and hard data have been nearly impossible to acquire in the 601XL modification debacle (OK, maybe that’s a bit harsh.), so much here is based on reasoned deduction, standard methods and my own engineering judgment.  

Warning:  You, as the builder/owner of an Experimental category aircraft, are the manufacturer and the airworthiness certifying agency.  You, not Zenith, Zenair, the FAA or the NTSB, are responsible for understanding the situation and making a reasoned judgment about what you want or do not want to do to your plane, if anything at all.  If you do not think yourself capable of such a judgment, I recommend you follow the advise of Zenith and make the “standard” changes.

1. Is anything really wrong with your plane?

This is the big question.  Unfortunately, it seems the answer is “No one knows.”  

What we do know is that there have been a number of fatal accidents involving 601XL aircraft that are similar to yours.  The FAA has found no common factors in these accidents that they can identify as a cause.  They have made public no reports or test data that identify any specific design problem.  The aircraft involved have been S-LSA, E-AB, European and British.

The designer, Chris Heinz, has stated publicly and in print that he thinks there is no problem with the design, if built and maintained properly and operated within the given limits..  Heck, his kids have been flying all over the country giving demo rides in the factory airplane for years.  There are a quite a number of 601XL aircraft that have flown hundreds of hours, with all kinds of loads and in all kinds of conditions, with no problems.

We also know that there are lots of governmental agencies from many countries involved (never a good thing), and that they are reacting haphazardly to both political and constituent pressure.  

For example, earlier this year the NTSB tried to get the FAA to ground all the 601XL’s because of unsubstantiated and dubious reports of “flutter”, which were blown way out of proportion on the Internet. This was done despite their own statement that they had no actual evidence of flutter.  Later testing confirmed what the designer and any engineer familiar with light general aviation aircraft design already knew – If the ailerons were rigged and maintained to spec, there was no possibility of flutter.

We also know that some E-AB aircraft are very similar to the LSA version, and some are much less so.  Many have had significant unrelated design modifications done already.  Certainly every E-AB aircraft is as unique as the builder.

We also know that the range of build quality and pilot abilities is much higher for the 601XL design than for many other homebuilt aircraft.  With respect to build quality, this is partly due to the ease of construction and relatively low cost of the airframe, as well as its ability to conform to LSA operating limits.  It might also be due in part to less-than-stellar quality control at the various factories where parts are made and assembled.  With respect to pilot abilities, the LSA capability of the airplane means it can be flown by people with relatively low experience and very little training in light aircraft flight characteristics.

We also know, because they say so publicly on the Web and even publish videos on Youtube (!), that many people are flying the plane way outside the designer’s intent.  In the certified world, at least a Utility category rating (+4.4G’s) is required even for limited aerobatics.  The 601XL design does not meet that requirement, and no DAR should have authorized any aerobatics in the operating limitations,  I don’t know what the regs are overseas.

2. Can you honestly evaluate your build quality?

Sure you can, and before you make decisions about modifications, you should.  If you think you’ll be overly generous, you can ask an EAA technical counselor to evaluate it for you.  Or you could ask one the Zenith or Zenair folks to do it.  If you prefer, or can’t get such help, you could hire an A&P who understands sheet metal to look at your plane and talk to you about it afterwards.  

The best time to do this, of course, would have been before your first flight.  But any time is good!  Here in the USA, where the FAA’s or DAR’s responsibility during your final inspection is limited to ensuring that [1] you actually built the plane and [2] that your paperwork is in order, doing this evaluation is a really good idea.  

What should you be looking for, in addition to the items that the Heinz’s have identified, like bolt torques and cable tensions? 

· Improperly set rivets.  If you can catch a fingernail under a rivet head, it needs to be removed and replaced.  Heck, if it even looks funny, take it out and set a new one.  

· Non-straight rivet lines.  If your lines are wavy, you may have some rivets which do not have enough metal around them to hold tension.

· Misalignments.  Place where you have to (or had to) apply significant force to get parts to line up.

· Rough edges or spacious lap joints.  Sheet metal which has not been properly edge finished, and holes which were not properly deburred, may not hold a good joint.

· Non-standard hardware.  Use of non-aviation hardware is not, per se, bad.  There are many sources of high grade hardware besides Aircraft Spruce.  But substitution of lower grade hardware can be dangerous, especially in load carrying structure.  

· Short bolts.  All bolts with locking nuts should be showing a minimum of 1½ to two threads outside the nut.

· Use of nylon locking nuts in the engine compartment.

· And anything else you can think of!

So let’s say an honest evaluation of the build quality of your airframe puts it in the lower 50% of the fleet.  This might be a good time to fix everything you can.  But if you have any doubts about the airframe, perhaps you should consider making the AMD mods.  And if you don’t believe you can do an excellent job on the mods, you should consider having them done by someone who can.  Disassembling primary structure like wing spars can be dangerous!

On the other hand, perhaps your airframe is a true work of the builder’s art, that you maintain to the highest standard?  Then you might want to consider a regular inspection program and maybe some limitations to the flight envelope, like discussed below.
3. What do certification and testing standards have to do with this?

A lot!  Zenith’s primary concern is with the S-LSA version of the 601XL.  In order to offer the plane as an S-LSA aircraft, they have to meet the ASTM Consensus Standard for Light Sport Aircraft.  In this standard, the requirement is that the aircraft have operating limits of +4/-2 G’s (+6/-3 ultimate) at the design gross weight, disregarding fuel in the wings.

This LSA standard is more stringent than the 14 CFR Part 23 standard for Normal category aircraft, which only have to make +3.8/-1.5 G.  But for Experimental category aircraft, the requirements are what you, the manufacturer, have written into your operating limitations.  You are not required to adhere to the recommendations in the plans (although you’d be well-advised not to exceed them) and you can amend them!

Here is a hypothetical example – Say that you somehow have tested or analyzed your particular airframe, and find that it can only make the 6 G ultimate loading at 1320# if you have half tanks, and with empty tanks you can only make 6 G’s at 1280#  or 5.8 G’s at 1320#.  If your aircraft has an LSA certificate, you have no choice but to reduce the max gross of the airframe to 1280#.

BUT – if your aircraft is Experimental – Amateur Built, you have lots of other options!  You can modify your operating limits, for example. to say that at weights above 1290#, you must have at least ½ tanks.  Not really much of a restriction, since most of the time that you’re near max gross, it’ll be with full tanks anyway, and if you burn down 15 gals, those 90# will put you well below the limit.

Or you could modify your operating restrictions in the POH to limit you to 3.87 G’s at weights above 1290#.  You could even come up with some kind of load diagram like the one I have in my POH:
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Of course, if you modify your POH, you must adhere to those new limits.  But this is certainly less onerous than ripping your whole airframe apart!

4. Can inspections help?  Why hasn’t there been any discussion of this?

Yes, inspections can be very useful in determining if there is a problem with a specific aircraft, if they are the right inspection and it they are done properly.  

Let’s look at the case of the T-34, the militarized aerobatic version of the Bonanza.  Many of these “elderly” aircraft have been used for training and aerobatics for most of their flying hours.  About 10 years ago, there was a run of fatal accidents where a wing departed the aircraft in flight.  Sound familiar so far?

The NTSB investigated and found that the accident aircraft all had failed their wing spar at a specific location, and that there was evidence of long term fatigue damage prior to the final accident.  That’s very different from our aircraft, where no common cause has been identified.   

The FAA issued an AD on the aircraft which limited the flight envelope of the aircraft, required an inspection for cracking in the effected area and the installation of a doubler patch.  Because of the very long and often unknown flight history of the T-34 fleet, they required a recurring inspection at 80 hours intervals.  The inspection was fairly invasive (required removing the doubler and looking underneath) and repeated inspections stood a good chance of damaging the spars permanently.

So the owners group, with much deeper pockets than most of us, got together and came up with various “alternate methods of compliance” (AMOC), all of which were fairly expensive and involved major work to or replacement of the main spars, but eliminated the both the flight envelope limitations and the recurring inspections.  Most owners chose to use the AMOC instead of following the AD.

How does this apply to our aircraft, where there is no “smoking gun” identifying a specific structural problem?  This is where intelligent efforts by the E-AB community can be extremely valuable.  We know, at least, that for some reason, the accident 60-1XL’s were stressed beyond their capabilities.  

If we hypothesize that the accident was not a unique and isolated occurrence, but instead the end result of a history of aircraft damage, then we can look for indications of overstress in our own airplanes.  If you find any, then you know your aircraft might have a problem and you should act accordingly.  What are such indications?

· Smoking rivets, i.e. rivets that are slightly loose and are “working” in their holes, producing a tell-tale trail of black aluminum dust that flows backward along the structure.  Such rivets would be most likely to be found on the spars near the wing roots, but might also be found on the lower fuselage aft of the gear.  Another good place to look would be all around the spar carry-through structure.

· Paint cracking around rivets.  This can be a precursor to smoking, or can be the result of a bad paint prep.  

· Cracks in skins or load carrying structure.  It is often difficult to see cracks, and they might be in areas that are not visible during a regular preflight.  But if they are open external cracks, they often will accumulate tell-tale dirt.  Good places to look would in the lower rear spar flange near around the aileron pushrod hole, in the fuselage near the gear attach points and on the wing skins (top & bottom) at the rivets in the inboard 1/3 of the wing.  If you have flexy ailerons, check those also.

· Wing spar bolts, both main and aft, losing torque unexpectedly or repeatedly.

· Ball joints at the ends of pushrods in the control system becoming loose too quickly (These should last at least 500 hours and ought to be good for more like 2000.)

· Control cables losing tension unexpectedly or repeatedly.

· Rudder bearings becoming loose too quickly or repeatedly.  Play at the top of the rudder will never be zero, but should be minimal.

I also recommend generous use of Torque Seal, also known as inspection laquer or anti-sabotage lacquer.  This is a highly visible indicator when any nut looses torque for any reason.  Change to a new color for each inspection!

5. Why are the LAA mods so much less intrusive than the Zenith mods?

There are a couple of reasons for this.  Primary is that the British version may be certified as a microlight aircraft, which is much lighter than an LSA aircraft.  They are restricted to 450 kg (990#) max gross.  That is why their version of the aircraft is constructed from much lighter materials than the LSA version, with a max gross of 600 kg (1320#).  

A secondary reason (just an inference on my part), it that the LAA feels that compression buckling of the center wing box is the likely failure mode.  It’s possible that even if the aircraft design passed proof tests or analysis, that it later failed (or would have failed) in the wing box at a higher load than 6 G’s.  So if you were going to beef something up, that would be where to do it.

But another likely reason (again, an inference on my part) is that the LAA (UK equivalent to EAA) and CAA (UK equivalent to FAA) are not being subjected to the same political pressures that the EAA, FAA and NTSB are, and therefore are able to make a more reasoned decision.  Note that the LAA has significantly more authority and responsibility with respect to microlight aircraft than the EAA does with respect to E-AB aircraft.  This is consistent, in my opinion, with their insistence on the aileron counter-balance weights.  Yes, if the cables are tensioned there is no problem, but just in case the operator does poor maintenance, let’s cover his butt too.  

6. So what are reasonable changes to your operation?  (For some, these may not be changes at all!)
· First, do not exceed the operating limits of the airframe.  Ever.  In fact, whenever possible, don’t even come close.  If you really want a mini-fighter, build or buy yourself an airframe designed for higher loads.

· Maintain your airframe to a high standard.  Follow the condition inspection procedures listed in your POH.  If you don’t have such, start with the standard AMD inspection and add whatever you think is appropriate.  

· Do a thorough pre-flight before every flight, including stop-overs.  Those extra few minutes won’t make you late for your $100 hamburger, and you might just catch something before it becomes a problem.

· Keep your documentation up to date and complete.  (See below)

· Consider modifying/reducing your operating load limits and adding additional inspections.

7. What is required documentation?

Flying E-AB does not exempt you from record keeping as defined in 14 CFR Part 91, paragraph 91.417.  If you are not familiar with this regulation, you can get a copy on-line.  Here is a link to an official copy:   http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=903b7ca130417fa2a2bd368cf502c88f&rgn=div8&view=text&node=14:2.0.1.3.10.5.7.10&idno=14 .

If you make a change to your operating limits, perhaps in loading or speeds or both, these changes must be incorporated into your POH (the one you have in the airplane!) and noted in the airframe logbook.  You may need to change placarded speeds or airspeed indicator arcs.  Here is an example log entry for this:

Operating limits for this aircraft modified as of 15 January 2010.  Limit loads at 1320# reduced to +3.8/-1.9 G.  Maximum zero-fuel weight is now 1200#.  Weight and balance adjusted accordingly. Maximum speed in turbulence is 103 MIAS. Refer to POH version 1.2, dated 15 January 2010, for complete details. John J. Builder, Repairman #1234567 

If you do add additional specific regular inspections to your operating procedures, these inspections must be described in the POH and compliance should be noted in the airframe logbook. Example:

50-hour inspection of top & bottom wing root rivets, rear spar straps and wing attachment bolts completed on 15 Dec 2009 at airframe time 135.6 hours.  No discrepancies were found.  Next inspection is due at not later than 185.6 hours .       John J. Builder, Repairman #1234567
If you ever do find any problems, be sure to record the corrective action in the airframe logbook, in sufficient detail to satisfy your insurance agent!  List actual hardware used, parts added or replaced and any other changes made.  Example:

50-hour inspection of top & bottom wing root rivets, rear spar straps and wing attachment bolts completed on 15 Dec 2009 at airframe time 135.6 hours.  One loose rivet found on bottom of left wing, inboard rib, near rear spar. Rivet removed and hole drilled out to 5/32”, cleaned and deburred.  A5 rivet installed using Zenith puller head.  No other discrepancies were found.  Next inspection is due at not later than 185.6 hours .       John J. Builder, Repairman #1234567
8. What about insurance?

What is going to happen to E-AB 601XL’s when they next come up for insurance renewal?  I wish I knew.  Right now, I surely wish I had called the aircraft something different from 601XL when I got it certified!  (You as the manufacturer can call the airplane anything you want.)  Unfortunately, there is a lot of politics involved, not just actuarial statistics.  

There are many possible scenarios, and we’ll have to see how they play out.

· Your insurance company could think that they were already insuring you as an Experimental anyway, so there is no change in policy.

· They could find the “601XL” on your registration records and refuse to renew you.

· They could refuse to issue hull coverage.

· They could ask you if you’ve done anything in response to the SAIB issued for the S-LSA and E-LSA aircraft.

· They could increase your rates.

· Or the one we’re all really hoping doesn’t happen – they could say they won’t insure you unless you certify that you’ve installed the AMD mods.

I wish us all Good Luck!

9. Other considerations

There is a lot of “information” and even more opinion thrown about on the various web forums and e-mail lists.  Not a lot of facts, however.  A goodly part of it (even some from the FAA and the NTSB) is unreasoned, and some is nearly hysterical.  It would be humorous if it didn’t directly impact us.  Temper what you read with knowledge of the source and use your own judgement and experience.  That’s why they call it Experimental aviation!

Comments and intelligent discussion are invited.
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