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Apr 16, 2019, 4:17 PM

subject:
Re: 737 MAX MCAS
The pilot (a 777 pilot it seems) in the video is certainly knowledgeable but I don't he is correct in characterizing MCAS as being in the plane to prevent a new type rating requirement.  While Boeing certainly had an overall objective of avoiding any new type ratings or material training (see Southwest getting $1mil/plane rebate if simulator training required), my understanding is that MCAS is in there to meet the Part 25 ("transport category" which effectively means airlines) pitch force gradient requirement.  In other words, even if lack of MCAS would have caused pilots to get a different type rating that is irrelevant if a MCAS-less 737 MAX couldn't be certified Part 25 at all.  It may be that the other control augmentation systems on the plane (speed trim, mach trim, and elevator feel systems) are there to maintain single type rating, and not necessary for airframe certification.

https://www.risingup.com/fars/info/part25-143-FAR.shtml
1. "Changes of gradient that occur with changes of load factor must not cause undue difficulty in maintaining control of the airplane, and 

2. local gradients must not be so low as to result in a danger of overcontrolling."  

So in a certified Part 25 plane you have to pull back harder to pitch up more, i.e. pitch force gradient must be positive.

A 1998 source (from Boeing no less!) on longitudinal stability, among other topics

http://www.boeing.com/commercial/aeromagazine/aero_02/textonly/fo01txt.html
To salvage the 737 MAX Boeing has to 1) meet certification requirements *and* 2) make a plane that is actually safe (meaning that if the plane design was so aggressive that safe flight requires MCAS always operational it'd need 3 reliable AOA sensors as my dad described).  Patched up MCAS referencing both AOAs might accomplish certification requirements, but possibly very few people (if anyone) has the data to answer the real-world safety question.  

My guess is that MCAS isn't actually needed for existing 737 pilots to fly the 737 MAX safely. 
[That, I think, is what Rusty thinks. –Fred]

The reservation I have, though, is that Boeing had to crank up the authority of MCAS during certification testing (and allegedly neglected to tell the FAA it had done so) to meet Part 25 requirements.  If they had to do much more (in terms of units of trim per activation) MCAS trimming than they stated in FAA paperwork to meet the pitch force gradient requirement then it's also possible they made a less stable plane than intended and therefore MCAS has to always work and the plane is in some some sense Fly-By-Wire (the computers and sensors must always work), MCAS is mission critical, and they have a serious retrofit or scrapping of type on their hands.
Another way this could go is that airlines track CG and enforce that passengers don't move around more than they do now, which airlines would hate.

------------------

[I wrote this a few days ago but neglected to send]

Two things the Ethiopian pilots could have been thinking in re-enabling autopilot: 1) captain was physically exhausted and asking FO to help pull up so maybe engaged autopilot would pull up for them, 2) engaged autopilot disables MCAS.  Or maybe their brains were going to mush, hard to know.  Regardless it's a long shot for the autopilot to help because once you have disagreements like airspeed disagree and/or altitude disagree, let alone the AOA sensor issue, the autopilot will usually not engage or if it does engage then soon disengage, as I think it did for Ethiopian 302.

The preliminary report noted:

Also, the airspeed, altitude and flight director pitch bar values from the left side noted deviating

from the corresponding right side values. The left side values were lower than the right side values

until near the end of the recording.

So, there may have been a more general air data computer issue because a bad AOA vane shouldn't cause airspeed disagree much less altitude disagree.  
[Yes. There may be a skunk in the woodpile here. –Fred]

If Boeing is confident it's not a computer issue and functional MCAS is not necessary for safe flight flight then just requiring AOA agreement for MCAS activation and not allowing more than one activation in a flight would probably savage [You mean salvage. –Fred]  things.
I think Boeing's in a real jam, though, in terms of PR and certification with FAA and global counterparts.  Ultimately what I don't think anyone outside Boeing (or maybe even inside) knows is how much automation is actually required at high AOA to make the plane safe.  Boeing is flying their executives around in MAX's and trying a charm offensive with airlines and global regulators.
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Here's a pretty excellent link to 737 MAX MCAS info.
http://www.b737.org.uk/mcas.htm
"MCAS is a longitudinal stability enhancement. It is not for stall prevention (although indirectly it helps) or to make the MAX handle like the NG (although it does); it was introduced to counteract the non-linear lift generated by the LEAP-1B engine nacelles at high AoA and give a steady increase in stick force as the stall is approached as required by regulation. 
The LEAP engine nacelles are larger and had to be mounted slightly higher and further forward from the previous NG CFM56-7 engines to give the necessary ground clearance. This new location and larger size of nacelle cause the vortex flow off the nacelle body to produce lift at high AoA. As the nacelle is ahead of the C of G, this lift causes a slight pitch-up effect (ie a reducing stick force) which could lead the pilot to inadvertently pull the yoke further aft than intended bringing the aircraft closer towards the stall. This abnormal nose-up pitching is not allowable under 14CFR §25.203(a) "Stall characteristics". Several aerodynamic solutions were introduced such as revising the leading edge stall strip and modifying the leading edge vortilons but they were insufficient to pass regulation. MCAS was therefore introduced to give an automatic nose down stabilizer input during elevated AoA when flaps are up."
https://www.law.cornell.edu/cfr/text/14/25.203  [§ 25.203 Stall characteristics excerpt:]
" The longitudinal control force must be positive up to and throughout the stall. In addition, it must be possible to promptly prevent stalling and to recover from a stall by normal use of the controls."
That's a different regulation than what I cited, and I'm not sure which actually motivated MCAS (maybe both).
To my point that they may have designed a less-stable plane than intended: beyond needing to quadruple MCAS' operating duration and expand conditions which would trigger it, MCAS followed several other considered solutions to address the issue (granted fuel efficiency may have been a knock on other options like leading edge doohickeys).

The link  [The link just above is to a NYT article requiring a subscription.] shows the actual System Differences and AFM entries.  It seems to me that the Dec 11 2018 AD reflects very poorly on both Boeing and FAA, beyond the simple hindsight that another accident occurred.  The MCAS system is so aggressive that it will re-engage 5 seconds after manual trim is finished.  That's pretty extreme when you think about it.  The AFM revision to Operating Procedures states "Electric stabilizer trim can be used to neutralize control column pitch forces before moving the STAB TRIM CUTOUT switches to CUTOUT."  In practice trimming takes a while (adjust trim, wait a few seconds, see if control forces are neutralized, repeat...) so one could easily have a 5 second pause during a what could be thought of by a pilot as a single instance of using electric stabilizer trim.  Not to mention 5 seconds could easily lapse between applying the electric trim and flipping off but STAB TRIM CUTOUT switches.  In fact that pause could be deadly.  
It seems for the actual procedure Boeing should have chosen one of 
A) to go to Flaps 1, or 
B) set STAB TRIM CUTOUT, reduce throttle to typical throttle for current pitch, manually trim.  
Giving pilots the option to futz with electric stabilizer trim is actually extremely dangerous. 

I thought the AOA DISAGREE warning was an additional physical display that Boeing was charging for.  In fact it's just a field on an LCD!  Not a good look to have tried charging more for it.  My plane has the indications from the (notoriously unreliable) AOA sensors on the PFDs adjacent to the speed tape.  If the link is accurate, Boeing was charging for the display of those indications too.  Maybe there is a physical basis for this (i.e. without the option there is no cable transmitting AOA data to the PFDs, but if it's a purely software up-sell it's pretty darn bad because the pilots would lose crucial time figuring out what's going on during the emergency.
I'd guess they didn't want anything in the AD to be materially different from their existing runaway horizontal stabilizer procedures to fend off liability from Lion Air 610.  

On Wed, Apr 17, 2019 at 5:23 AM Frederick N. Chase <fchase@gmail.com> wrote:

