23 March, 1999

Robert Benzon

Senior Air Safety Investigator, IIC
National Transportation Safety Board
490 1."Enfant Plaza East, S W.
Washington, D.C. 20594

RE: DCA97TMAGQGSS, Fedex Pilots Association Subimission

Dear Mr. Benzon,

This report is respectfully submitted by the Fedex Pilots Association, under the
provisions of Title 49 CFR, Part 831.14. The primary purpose of this Submission is to
assist the Safety Board to develop Safety Recommendations to prevent future accidents.
The body of this submuittal contains both implicit and explicit observations and
recommendations. Explicit recommendations are also compiled at the end of the report.

The aircraft involved in this particular accident was involved in two previous accidents.
The first accident was on January 4, 1994, and was apparently handled by the Atlanta
NTSB field office. FPA has been unabie to obtain any documentation NTSB produced
during that investigation. There is extensive documentation of the repair work performed
to the aircraft after that event. FPA did obtain the NTSB report for the aircraft’s second
accident, occurring on November 4, 1994, Qddly, compared to the first landing accident,
there are only a few pages of documented repair work following the accident on
November 4.

FPA is still attempting to find more documentation for both events. It is not clear that

this documentation will become available at any time.

Respectfully,

,
S .

Shem Malmgquist
FPA Party Coordinator
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1.0 Execufive Summary

On July 31, 1997, a FedEx MD-11, N611FE, operating as flight 14, crashed at the
Newark International Airport, Newark, NJ. A highly qualified and competent flightcrew
conducted this Title 14 CFR Part 121 flight in a completely professional manner,
according to regulations and their training. All checklists and FAA Approved Airplane
Flight Manual procedures were followed. Excelient flightcrew coordination was
evidenced. All briefings were accomphshed in a professional manner and Crew
Resource Management techniques were flawiess.

The final approach for landing was completely stabilized. The aircraft was well
established on the electronic glide path of the ILS before 1000 feet above the terrain and
maintained this guidance throughout the approach. They fiew and maintained the FMS'
computed airspeed throughout the approach, and averaged of 800 feet per minute rate of
descent. At 30 feet above the ground, as trained, the pilot initiated a proper pitch up for
landing.

In the next few seconds, the aircraft bounced on the runway and climbed to
approximately 5 feet. When the aircraft touched down again, portions of the right wing
structure fractured, followed by the fracture of the right main landing gear. The aircraft
rolled to an inverted position. Through the combination of wing and landing gear
failures, with a post crash fire, the aircraft was destroyed. Due to the expeditious and
professional emergency procedures utilized by the flightcrew, all occupants exited the
aircraft and no senous injuries resulted.

The questions of how this accident occuited, considering the facts just described, will be
addressed in this Party Submission; however, not all of these questions will be answered,
because not all of the facts are available at this time.

Important safety issues have been raised as a result of this accident. These include:

1. the need for improved aircraft certification standards for landing gear and wing
design strength.

2. areview of MD-11 landing incidents and accidents.

3. areview of MD-11 flightcrew training procedures.

4. areview of the criteria to determine how and when to conduct hard landing
inspections.

5. areview of MD-11 hard landing maintenance inspection procedures.

Research of NTSB reports makes it clear that the MD-11 aircraft has a history of landing
incidents, including tail strikes and hard landings. In an effort to preveat such incidents
and accidents, FedEx, in conjunction with the manufacturer, has developed specialized

! Flight Management System. The MD-11 FMS will calculate and actually set the target speeds for various flight
modes.



tail strike avoidance/bounced landing recovery training. FPA is not aware of any other
aircraft types that require such specialized trainming.

FPA conducted an informal inquiry of the MD-11 landing techniques used by other
operators. The result of that study showed that several of the passenger carriers teach
different landing techniques for the aircraft than does FedEx. The Operations Group
Factual report of the NTSB did not include a discussion of these variations, although we
are aware that the Operations Group Chairman made visit to Delta Airlines and possibly
American Airlines. FPA was not included in these visits.

2.0 Accident Sequence

FedEx flight 14 originated in Anchorage, Alaska (ANC) as a reguiarly scheduled cargo
flight to Newark, New Jersey (EWR). The weather at the Newark airport was good, with
visual meteorological conditions and surface winds from 260 degrees at 7 knots.

The flight from Anchorage and the descent into the Newark area were uneventful. The
crew had previously noted that there had been 3 write-ups on the autobrake system’,
which were signed off by maintenance as coirected. Additionally, the number 1 thrust
reverser was inoperative and was so noted in the Aircraft Maintenance Log in compliance
with the Minimum Equipment List (MELY. After evaluating these matters, and in
consideration of the relatively short length of the assigned runway, the flightcrew elected
to set the autobrakes to the Maximum setting and deploy the wing flaps to 50 degrees to
provide a greater margin of safety.

The Digital Flight Data Recorder (DFDR) showed that the aircraft was hand flown on the
ILS* glidepath after initial glideslope interception. The airspeed was maintained by the
autothrottles to the FMS set target speed of approximately 158 knots according to DFDR
data. The descent rate averaged 800 feet per minute, which was collaborated by the ATC
ASR’ radar plots. All parameters closely resemble what would be expected on a coupled
(autopilot) appioach.

The MD-11 Airplane Flight Manual (AFM) directs the pilot to maintain the vertical
descent rate on an established glidesiope (electronic or VASI if available). The manual
further requires a stabilized constant vertical descent rate to continue until the “30” foot
radar altimeter call from the Centralized Aural Warning System ({CAWS). At this point
the pilot should flare the aircraft by increasing the aircraft pitch 2.5 degrees. This pitch
change is accomplished by applying backward pressure upon the control yoke. At 10 feet

2 The anti-skid system also had some previous write-ups, although there is no reference to this in the NTSB
Operations Group Factual or interviews. See Appendix X.

* See Deferred Items placard copy in Appendix X.

* Instrument Landing System

> Air Traffic Contrel Airport Surveillance Radar,



a relaxing of the backward pressure is required to prevent the aircraft from continuing a
nose up pitch and possibly striking the aircraft tail.

The DFDR of flight 14 reflected a pitch attitude on the approach that averaged 2-3
degrees nose-up and throttle resolver angles (TRA)® that averaged between 55-58 degrees
until the flare began at about 30 feet radio altitude (RA). Pitch attitude increased from
2.46 degrees nose up at subframe 339 and 36 feet radio altimeter altitude to 3.16 degrees
nose up at subframe 340 and 25 feet. Pitch continued to increase as the aircraft descended
to 15 feet.

On a MD-11 with the autothrottles engaged, thrust will be reduced to idle at a
programmed rate beginning at 50 feet regardiess of the aircrafi’s descent rate or other
factors (such as gusty winds) that would require a higher or lower thrust setting than is
being commanded. The rate of throttle retard is constant for all approaches. It is a
common technique to add more thrust or prevent the throttles from retarding at the
programmed rate to maintain a required higher or iower power setting. It is apparent from
the DFDR traces that the pilot prevented the autothrottle retard to some extent initially,
and that throttle resolver angle was increased prior to the initial touchdown.

The pitch decreased slightly (about ¥ degree) as the aircraft passed 15 feet, then it was
increased again prior to touchdown. Although a ¥ degree pitch down is a very small
pitch change, it appears that it resulted in enough acceleration to lead to a firm
touchdown on the initial landing. It is important to note the significance of relatively
smaill pitch changes in this aircraft. Based on the expenence of FPA committee members
and many other MD-11 pilots with extensive experience in many types of airline
transport aircraft including the MD-11, the MD-11 aircraft is unforgiving of certain
landing techniques that would be scarcely noticed on many other aircraft types.

In the MD-11, throttle resolver angles in excess of 44-49% inhibit the ground spoilers.
When Flight 14 touched down the throttles were at 74.45%, 68.84% and 66.38% throttle
resolver angles respectively. Once the engines spooled up to attain the selected thrust,
these settings certainly would serve to “smooth out” the touchdown. Unfortunately, it
also had the immediate effect of inhibiting the ground spoilers. The combination of this
inhibition with the higher power setting and pitch attitude at touchdown allowed the
aircrafl to become airborne again.

The aircraft bounced to about 5 feet.” The pilot responded by initially aiming for the
target pitch attitude of 7.5 degrees as published in the FedEx Aircraft Flight Manual
{AFM). The pitch attitude increased to approximately 8 degrees nose up and then
decreased. Throttle Resolver Angle decreased foliowing the initial touchdown.

% Throttle Resolver Angle (TRA) is a precise measure of throttle position/setting. Higher numbers
correspond to higher selected power settings.
’ NTSB DFDR Factual, page V-18.



Understanding the factors behind the pitch and power changes during this 2-3 second
period from the first to the second touchdown is critical to understanding this accident
and finding clues for preventing a similar landing accident in the future.

When the aircraft touched down the second time, the right wing rear spar web fractured.
Current hypothesis of the events that followed is that the spar web failure led to the
collapse of the right main landing gear and failure of the right wing. The aircraft then
rolled over due to the lift on the still-attached left wing, while having lost its support
structure on the right side of the airplane.

If the right wing had not separated it is very possible that there would not have been an
accident resulting hull loss.

3.0 MD-11 Design

Detailed analysis of the failure sequences has shown that the most probable first failure
occurred in the right wing rear spar web near where the right main landing gear attaches.
This led to the separation of the right wing and right main landing gear. If the rear spar
web had not failed, it is possible that the landing gear structure would have supported the
landing,

The structural design that led to a spar web failure is suspect and requires additional
scrutiny. Placement of the right main landing gear attach fitting aft of the rear spar
has the net effect of “torquing” or “twisting” the wing on every landing. This
accident scenario appears to have the same sequence of events that were the result of a
Martinaire DC-10-30° crash in Faro Portugal’

An important discovery of this accident investigation revealed there are no FAR
requirements that an aircraft manufacturer consider sideloads during landing as pari of
landing gear certification The only “single gear” landing gear design requirement
applies to the event where one gear is stuck in the retract position. All assumptions are
based solely on that event.

FAA should define the requirements for certification during dynamic crosswind
Ianding conditions. The standard landing technique for crosswind landings requires
touching down on one gear, yet there is no requirement to test the ability of the landing
gear to withstand the forces associated with such a landing — particularly considering
the possible gusty conditions which often accompany the strong crosswind condition.
Gusts from the upwind side may increase the sink rate on the upwind landing gear due
to the possibility of high rotational velocities towards that gear, as the effect of gusts is
counteracted with a rolling moment to maintain desired track over the ground. Impact

® See discussion under Section 6.0.
® The landing pear and wing design of the DC-10-30 is virtually identical to the MD-1 1.



with the runway at this point could place extreme loads on the upwind gear that far
exceed the loads expected from the overall aircraft sink rate.

Greater awareness of these certification issues in the pilot community may lead to an
increased respect for what the landing gear design limitations are and may very well
affect better landing techniques.

e FPA recommends that FAA convene a Critical Design Review of not only the
MD-11 design, but alse all landing gear certification under FAR 25.

3.1 LSAS

The MD-11 is equipped with a Longitudinal Stability Augmentation System, or LSAS.
This system provides (among other functions) vertical dampening and high and low
speed protections by inputting control force to prevent overspeed or stall. The LSAS is
normally active when the autopilot is off and there is less than 1.8 pounds of force on the
control column. It becomes active climbing above 50 feet and deactivates descending
through 100 feet. Additionally, to prevent a stall condition, the LSAS will exert up to 50
pounds of force to lower the nose against opposing control column force.

The LSAS low speed protection becomes active to prevent a stall when the Pitch Limit
Indicator (PLI) turns amber at 75-80% of stick shaker Angle of Attack (AGA).

The DFDR records two parameters for LSAS, either “FAIL” or “NO FAIL”. The DFDR
indicated “NO FAIL” during the accident flight.

FP A requested detailed information on possible LSAS failure modes and indications to
preclude the possibility that an LSAS failure led to any undesired control inputs. Analysis
showed no indications that LSAS may have maifunctioned, and there were no reports
from the crew of any control anomalies.

3.2 Maintenance

A hard landing inspection 1s required when requested by the pilot, or when the DFDR
“G” loading exceeds certain criteria. Pilot determination of what constitutes a hard
landing is a highiy subjective matter. There is a no quantitative measuring critena to
make this decision. This type of inspection is most often called for when the DFDR flags
it. Because the DFDR does not record total loads imparted to the gear on landing, but
only the G loads measured from the accelerometer, the landing gear on our accident
airplane could have sustained loads in excess of design certification limits on previous
landings.



FPA accident investigators experienced in MD-11 procedures have noted that some pilots
will routinely reduce the pitch attitude just prior to touchdown. '* The recorded G loads
and descent rates for aircraft N611FE during the accident landing were not excessive;
however, the performance investigation revealed that the actual loads the landing gear
may have absorbed were higher than would be expected based on the descent rates alone.
This is because part of the load to the landing gear in the accident occurred when the
aircraft it was “unloaded” prior to the second touchdown. Unfortunately, the DFDR
criteria for determining a hard landing is also an imprecise measuring tool. Precision
requires a full performance analysis for possible loads to the landing gear and aircrafi
structure.

A possible scenario for how this accident occurred is as follows: As the aircraft became
airborne after the first touchdown it started from a pitch attitude of approximately +8
degrees arcing down to about O degrees at the time of the second touchdown. The DFDR
recorded a ¥ G acceleration due to the aircraft pitch change. This means the wings went
from supporting all of the aircraft’s weight to only supporting 'z of the aircraft’s weight !
Under normal conditions when an airplane touches down, the wings are still supporting
the weight of the airplane. The landing gear absorbs the energy of the downward motion
as it contacts the ground. The wings should still be supporting the aircraft weight at this
time; in fact, ideally, the wings will be developing more lift than the aircraft weight —
actually slowing the descent rate to near zero just as the landing gear touches down.
Current Title 14 CFR Part 25 design criteria does not consider a condition where the
wings are supporting less than the aircraft weight as it touches down.

There is no device to measure the actual energy that the landing gear absorbs. The
total energy can be calculated, but if the crew does not report a hard landing there
would be no other “flag” to indicate the need for such a calculation. Based on this
analysis, the FPA cannot rule out the possibility that a previous landing could have
been in excess of the landing gear design limits, yet still appear to be within these
limits as measured only by the DFDR.

Aircraft N611FE had had a history of hard landings. On 1/4/94 it had a hard landing that
was followed by a bounce; the aircraft then pitched nose down with the nose landing gear
touching down before the main landing gear.'” The aircraft sustained significant damage
from this event.”

N611FE had a second hard landing in Anchorage on 11/4/94. This landing included two
bounces and a tail strike. Major repairs to the empennage and aft pressure bulkheads

1% See Sections 4.0 and 4.6 for an explanation of the motives for this pilot technique.

"' This is commonly referred to as “unloading”.

*2 This is commonly referred to as “porpoising”.

3 Initial inspection revealed mild to moderate buckling of the skin and attaching longerons from longeron
36 to longeron 48, left and right sides, between stations Y595 and Y625. The Engineering Authorization
states that it is not necessary to drain the landing gear struts and check for metal to metal contact.”” EA
5330-M11-21224 has no mention of a landing gear inspection, even though the aircraft had a maximum
vertical acceleration of +2.83G.



were required.'* FPA has been unable to find any explanation for the multiple landing
accidents that have occurred with this particular airplane.

FedEx used the “layered inspection” method to place MD-11 aircraft back in service after
experiencing over-weight or hard landings. This procedure was approved by Boeing and
certified by the FAA. A complete inspection of the rear spar web as a maintenance
action would have required removal of inspection plates or wing skin. FPA has not been
able to verify whether the rear spar web was inspected after either of the two hard
landings recorded in N611FE maintenance history.

In addition to the known hard landings, there is no way of determining the number of
landings that this airframe may have previously experienced that had nominal sink rates
but during which the total forces actually exceeded the landing gear and possibly wing
load limits due to wing unloading "’

The landing gear structure attaches to the base of the fuselage through an attachment
called a “pillow block,” which is bolted to the trapezoidal panel that extends into the
fuselage structure. Due to the design of the pitlow block bolts (commonly calied
“packing”), they would be less likely to show evidence of fatigue. Normally these
components show evidence of fatigue quickly as they are made of extremely hard 360m
steel. At this time, FPA has not been able to determine the degree that these internal
components were inspected during the layered inspection; however, investigation
regarding the inspection history is ongoing.

The most probable initial structural fallure in the FedEx EWR accident was the nght
wing rear spar web. The spar web is made of 7075D6 Aluminum. If there had been
evidence of fatigue or overload, it would have been visible; however, those parts were not
available for inspection because these sections were released by the NTSB and destroyed
by the salvage company. The missing pasts included the upper and lower spar caps and
shear web. These components together form the rear spar.

o It is likely that some hard landings in traasport aircraft have gone unrecorded
due to the limitations in the current inspection criteria. FPA recommends that
additional maintenance inspeciion criteria should be implemented te include the
pessible effects of “wing unloading.”

¢ Only portions of the right wing rear spar web and related components were
available for inspection because many of them were prematurely released and/er
destroyed. Without these components, it is not possible to make an absolute
determination that there was no previous damage.

"4 The full narrative from the NTSB accident report ANC95FA008 is included in Appendix IV.
'* “Wing unloading” is described on page 8 of this submital.



3.3 General Structural/Performance Issues

The NTSB Performance Report extrapolated the descent rates from the Radio Altitude
traces. From these, and the DFDR recorded aircraft pitch and roll changes, the rate of
descent of the right main landing gear at the time of touchdown was calculated. The
aircraft accelerometer provided the G loading the aircraft experienced at touchdown,
Although the descent rate and recorded G loading at the time of touchdown are
important, the total force the landing gear absorbed cannot be described by only those
two variables. As previously stated, a third variable in the analysis is the amount of G
loading on the aircraft prior to touchdown.'® Boeing conducted this analysis via an
ADAMS'” simulation and achieved similar results.

Although the initial indications led investigators to believe that the right main landing
gear was the first failure, later analysis indicated that the actual initial failure was the
right wing rear spar web. This revelation significantly changed the focus of the
investigation. If the rear spar web had not failed, it is very possible that this would not
have been an accident resulting in a hull loss.

FPA requests the NTSB to analyze, and determine, the amount of load on the right
main landing gear with consideration to how much load might have been absorbed
by the center landing gear. It should be noted that the center landing gear crush can
was completely cempressed.'8

It is apparent that at some point the center landing gear must have absorbed some of the
load. Using the force equations of the analysis performed by Boeing accounts for the
strut extension and the potential energy absorbed during the strut compression, but does
not include any additional energy absorbed by the center landing gear. FPA asserts that
at some point the center landing gear did absorb more of the energy than has been
considered in this investigation.

No analysis was made of the witness marks on the center landing gear tires, since they
were considered unimportant at the time the tires were sent for analysis.

Additionally, no accounting in the ADAMS model was made of the energy being
absorbed into the structure as a whole. The forces of the wings and fuselage bending
downward, or flexure, as the aircraft movement slowed due to landing gear contact with
the ground were not considered.'” The total loads may or may not have exceeded the

!® This is another way of describing how much of the aircraft weight was being supporied by the lift
enerated from the wings.

' Automatic Dynamic Analysis of Mechanical Sysiems. designed by MDI, Ann Arbor, MI. Thisisa
general-purpose mechanical system simulation tool that provides dynamic. time domain response from
highly complex and non-linear mechanical models. Based on the principles of Lagrangian Dynamics,
ADAMS numerically formalates and solves the system equations as a function of time. The equations are
usually both algebraic and differential as well as highly non-linear.

18 MDC 98K 1023, page 40.
1% An aircraft structure is not rigid and will absorb significant forces through flexure.
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design limits. Without significant amounts of more detailed dynamics information,
determination of the actual load on any single structural component is inaccurate.

Currently there 1s no way to quantify the amount of force the landing gear is subjected to,
without a full performance analysis. Current hard landing and inspection parameters are
based only on the amount of G loading that is recorded on touchdown. Analysis of this
accident has shown that these parameters are inadequate to ndicate the actual need for
such an inspection and also the depth such an inspection should take.

While analysis from the DFDR of N611FE of the previous 25 hours of flight time did not
show any excessive force on any recent landings, it is plausible to assume that some
previous hard landing may have occurred that could have produced substantial fatigue or
corrosion that had gone unrecognized and unrepaired. Again, the critical components to
determine if there was previous damage were released, so no inspection of these
components was possible.

Finally, the fact that this was the third landing accident for N611FE raises questions as to
whether there could have been some hidden, and as yet undiscovered, flaw in the
airframe, the landing gear or flight controls.

o FPA requests that an analysis be performed to determine if the Center Landing
Gear and fuselage structure could have absorbed part of the ianding loads, and
what effect this would have had on the amount of force transmitted through the
right main landing gear and right wing rear spar web.

3.4 MD-11 Design and Performance Summary

1. The first failure in the aircraft accident sequence was the right wing rear spar
web. This failure causes FPA considerable concern.

2. The amount of force on the landing gear that is usually measured does not account for
any additional acceleration forces; as a result some hard landings may go unrecorded
and without inspection. It is not known how many such landings occurred in this
aircraft.

3. Any of the force that could have been absorbed by the center landing gear should be
determined and considered. The crush can for the center landing gear was completely
compressed. We do not know at when this occurred. The center landing gear tires
were not analyzed.

4. Any force absorbed by the flexure of the structure should be calculated and
considered.

ki



5. Previous undetected damage may have weakened the right wing rear spar web
structure to the point that it could not absorb the forces in this landing, causing failure
well below expected structure vield strength.

6. It is still unknown why this airplane (N611FE) experienced several previous landing
accidents. When FPA questioned the NTSB on whether it was unusual to see one
particular airplane with this type of history, we were told that it had been seen with
some of the cargo operators. While FPA agrees that some other types of older cargo
aircraft have experienced multiple accidents, this is most probably due to the nature
of those operators and the age of those aircraft. We do not believe that a possibie
problem with this particular airplane can be completely ignored.

7. The lack of any FAR guidance for establishing minimum side-loads on aircraft
landing gear during landings should be reviewed.

4.0 Human Performance

It is important to re-emphasize that the Captain flew the approach to sunway 22R at
Newark International Airport in a most professional and expert manner. After uncoupling
the autopilot at approximately 1200 feet, a near perfect visual approach was flown to the
runway. The vertical descent portion of this approach was well within the requirements of
the FedEx Flight Operations Manual, and FAA guidance for a stabilized approach in
visual conditions.

The MD-11 Airplane Flight Manual calls for the vertical descent rate to continue until the
“30” foot call from the Radio Altimeter (RA), at which point the pilot should flare the
aircraft by increasing the aircraft pitch 2.5 degrees. This pitch change is accomplished by
applying back pressure on the control yoke. At 10 feet, the back pressure should be
released to prevent the aircraft from continuing a nose up momentum where increased
elevator authority, due to wash effect close to the ground, can lead to striking the aircraft
tail. This procedure requires the piiot to immediately recognize any change in pitch, sink
rate, airspeed, runway alignment, and roll and apply control forces to counter these
changes.

The MD-11 is recognized, by both the manufacturer and operators to have unique landing
characteristics. This fact becomes apparent when reviewing the interviews in the NTSB
Operations Group Factual Report. The following quotes are from those interviews with
very experienced FedEx MD-11 Fhght Standards and Training pilots:

* Requirements for a stabilized approach are “that the aircraft be in the final landing configuration with
engines spooled-up and established on the proper flight path at approach speed.” (FDX FOM page 6-11, 1
February 1998).
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“_..the...problem is there but it is not serious if you keep it from happening — get the nose
down.”' (Leitch).

“At 10 feet just prior to touch down we are showing the student that proper technique is
to release back pressure, and the nose is allowed to come down on the ground. .. .the
tolerance for error is not as great as in other airplanes during landing. .. the most
common characteristic seen on the line is that the airplane has a tendency for severe
pitchup on touchdown.” (Barnwell).

“ .. .during training it is the rule, not the exception, that pilots have trouble landing the
MD-11; the MD-11 has a narrower than usual landing envelope and it must be kept in the
envelope to make a successful landing.” (Nordberg).

Additionally, the following is an excerpt from a NTSB report following one of the
previous landing accidents in this particular airplane (N6} IFEY%:

The Simulator tests distinctly showed that upon main gear touchdown and
spoiler deployment, the flying pilot had to physically push the yoke
forward to prevent the nose from pitching up. The pilot had to anticipate
this control mput. If the pilot waited for the nose of the airplane to
begin movement in any direction, his control effect was greatly
diminished >

A specialized tail strike awareness trainin% Jprogram has been implemented by FedEx to
help train crews to overcome these issues. “ While this eases the problem, it also serves
to emphasize the fact that the MD-11 requires special landing techniques. There have
been quite a few MD-11 landing accidents throughout the industry. The MD-11 airplane
has design characteristics that directly translate into specialized flying techmques to
safely operate the aircraft. '

No study was conducted by the NTSB to determine how ether eperators are
conducting their training. What extent they use autothrottles, guidance they
provide to their flightcrews with regard to the landing and handling characteristics
of the airplane, including flare and bounced landing recoveries, were not addressed.
This was a significant oversight in the investigation.

o FPA requests the NTSB Operations Group to convene a study of this issue.

! This was referring to landings.

2 NTSB ID: ANC95FA008. page 1C
2 Emphasis added.

* See Section 4.3 and Appendix HI
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4.1 Thrust Reverser Inoperative

The number 1 thrust reverser was deferred per the Minimum Equipment List (MEL) for
this flight.* MD-11 pilots are trained to deploy thrust reversers 1 and 3 afier mainwheel
touchdown and prior to nosewheel touchdown® . Afier nosewheel strut compression, the
number 2 engine reverser may be fully deployed. This delay is to prevent aggravated
pitch up caused by the downward vector of the number 2 reverser. The deferral of a
reverser would be a consideration by the crew, especially when approaching a short
runway. There would be additional concern for the possible yawing tendency with the
deployment of only one wing engine reverser. This is highlighted in the FedEx AFM
under the topic heading, “Landing with One Engine Inoperative,” which recommends
that reverse should be used with discretion”.

» The lack of this reverser would increase concern about the available runway
tength, especially on a runway where landing performance margins are reduced.

4.2 Aircraft Performance Laptop Computer and Landing Data

The crew noted that the number 1 thrust reverser was inoperative. They also noted that
the auto-brake system had previous write-ups indicating the system “would not arm,”
meaning that it would not activate the brakes automatically. The autobrakes were written-
up several times from 07/02/97 through 07/27/97. Additionaliy, there were write-ups of
“Antiskid L Fail” on 07/06/97, and a brake pressure indication problem on 07/27/97. The
systems had been signed off by maintenance as corrected.?®

The flight enroute to Newark was routine. Approaching the Newark area, the crew
discussed the airport conditions and landing. Runway 22L was reported closed. Runway
22L is the pnimary runway for landing to the southwest at Newark; however, most
experienced pilots flying regularly into the Newark airport find it to be closed frequently
with little notice and often no Notices to Airman (NOTAMs) are posted. This means that
an inbound flightcrew is unable to anticipate the requirement to land on the shorter
runway 22R uatil just prior to descent.

Runway 22R became the planned landing runway. The useable runway length beyond
the glideslope is 535 feet shorter than 22L (see figure on the next page). The crew
discussed the configuration and brakes required. Because the runway was shorter, they
electegigto use flaps 50. Additionally, the Operations Group Factual report oniginally
stated””

** See Appendix X.

% see FDX AFM 7-101, 31 July, 1996

¥ see FDX AFM 7-103, 15 November, 1994

% See appendix X.

# The NTSB Operations Group Factual report was amended to state “The Airport Performance Laptop
Computer (APLC) showed that by using MED brakes the stopping distance required would be 6080 feet of
the 7760 feet displayed available runway length” The “afier the glideslope” distance is publishied on the
Jeppesen chart. The original text was used here to highlight a common misinterpretation
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The Airport Performance Laptop Computer (APLC) showed that by using
the MED auto brakes the stopping distance required would be 6000 feet of
the 6800 available afier giide slope touchdown. The crew discussed the
option of using MAX auto brakes; this would require a stopping distance
of 5100 feet. The decision was made to use MAX auto brakes. Air speed
refe;gnce bugs were set at 162 kts. For the landing weight, Vref plus 5

kts.

It is important to interpret these statements. The APLC Inflight Landing Performance
Output page has a column for runway lengths, and a section that displays the approximate
landing distances for the conditions and configurations entered. The FedEx MD-11
Aircraft Flight Manual provides an explanation of the data.' It states:

APPROXIMATE LANDING DISTANCE
The approximate landing distance based on auto-brakes is provided for
Mimmum, Medium and Maximum braking.

Landing distance 1s predicated on crossing the threshold at 50 feet at
Vref+5 and touching down at 1500 feet at Vref-3 KIAS, and deploying
ground spoilers inmediately after touchdown.

RUNWAY LENGTH

The shorter of the three lengths which may be presented in the Jeppesen
Airways Manual: the actual runway length, the landing beyond threshold
length and the landing beyond glideslope length (+1000 feet).

A AY [NFORMMTION
- .o L e e a ! USARLE EENGTHE
. i LANBING SEYOND Plglhn
. Theashold [ Glide $lopa "" "
~ Hill CL ALSE-f 07 ssooved  KVR T EV10° Jovdn i 705" Didtm

Wil C NALSI LOIN TOZ grooved  RVE - §314° 2400w | 1395 25dm

HIRL L MALSR TDZ grooved  RVRI 700 2izde | 4d30° TE5im
MIRL CL REIL WASL:Sbar. i grooved VBRI 7760 nistn [ 48407 7o¥tm

l[mg_os OF°: prooved 13

2518° X423 LB STIN 45507

It is an incorrect procedure to compare the landing distance provided by the APLC
directly with the “distance after the glideslope” as presented on the Jeppesen chart. The
APLC distance includes 1500 of air-run distance. By subtracting 1500 from the
displayed distance, the approximate actual ground roll is determined. In this case that

*° NTSB Operations Group Factual DCA9TMAOS5, page 5, original version.
3 FedEx Aircraft Flight Manual (AFM) page 5-0-24.
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value was 4500 feet, providing a 2300 foot margin under the “afier the glideslope”
distance.

FPA polled a random sample FedEx pilots to determine how they were interpreting the
landing distance required verses runway available. It was determined that more than 80%
of the pilots questioned held a similar misconception of runway data from the APLC.
Pilots found the explanation of the data confusing. The FedEx Aircraft Flight Manual
explanation of this topic was amended on the day of the accident >

1t is probable that this confusion stemmed from a general misunderstanding of the data
presented by old style landing distance charts. The data presented by the APLC 1s
actually easier to understand, and clearer, than that of most of the charts that many pilots
used in the past. Previous misconceptions in understanding those paper charts could have
been carried over to the newer APLC. Clearly more effective training would solve this
issue. We have been informed that FedEx has aiready started implementation of such
traming.

4.3 Aircraft and Greund Lighting

The ieft inboard landing light was inoperative when turned to the extend/on position
during the arnval phase. Airline pilots consider runway 22R at Newark Airport a “Black
Hole” approach; this is because the lights of the cities of Newark and Elizabeth surround
it. Additionally, the New Jersey Turnpike and marine terminal lie to the east and the
airport terminal buildings to the west. The runway is made of espectally dark black top,
and is without approach lights or touchdown zone lights, which are very important to a
pilot in estimating the aircraft height above the runway at night. Judging the height
above touchdown is especially difficult for a pilot of a wide-body aircraft, because of the
size of the airplane and greater nominal heights. Additionally, pilots find the approach to
runway 22R disconcerting due to the proximity of elevated roads, aircraft parked on the
“West Parking Area,” and the buildings on the approach. All of these factors contribute
to the visual illusion of the aircraft appearing to be higher above the ground than it
actually is.

Flight 14 was landing on 22R with the left landing light inoperative, causing only the
right side of the runway to be illuminated. Additionally there were no contrast lights on
the left side of the runway. All of the background lights were on the right side. The left
side was totally black — the pilot flying from the left side of the aircraft had even more of
a “black hole effect” than the pilot on the right side. This combination of factors likely
effected the depth perception of the pilot flying the approach to this runway.

The FPA Safety Committee believes that this issue cannot simply be eliminated
considering the final outcome.

32 FedEx AFM page 5-0-24, 31 July 1997. Additionally, FedEx has provided a more detailed explanation in the June,
1998 issue of the company flight operations publication “Straight In Approach”.
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Due to the proximity of the terminal buildings, the winds in the vicinity of 22R are highly
variable, particularly with a right quartering crosswind. FPA investigators have
experienced this under 50 feet RA while landing on this runway (see airport chart on
page 17). While the winds during this accident may seem insignificant, they were
enough to increase the workload for the pilot flying.

Many of these factors could be mitigated or eliminated entirely if the MD-11 aircraft was
equipped with a Heads-Up Guidance System (HUGS or HUDS) to provide pilots with a
more thorough awareness of all the variables during the landing sequence.
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4.4 Autothrottles

The use of the autothrottles, if available, was a FedEx mandatory procedure for all phases
of flight in the MD-11.*’ In 1993, the manufacturer recommended that the autothrottles
be used for all landings.>* The autothrottles retard power at a pre-programmed rate
passing 50 feet RA.>* This retard rate is ideal only if the aircraft follows a descent and
flare path similar to the autoflite system.

The autothrottle system will retard the throttles to the idle position below 50 feet. The
pilot must determine if more thrust is required than the programmed autothrust setting.*®
If more thrust is required, the pilot must apply pressure not only to move the throttles to
that required thrust setting, but he also will need to maintain that pressure to prevent the
throttles from moving to or towards the idle positton. The pilot will need to apply
constant pressure to the throttles during the flare until additional thrust is no longer
required.

Although this is generaily not a problem, the above technique does diminish the normal
tactile feel of the throttle position. The pilot will not be looking at the throttle quadrant
during the flare, so the reliance of the feel of where the throttles are, relative to where
they were before they were moved, becomes the major indicator of throttle position. Asa
result, a problem could be encountered if a pilot is attempting to add just a bit of power
foliowing a bounce recovery. Due to the autothrottie force trying to pull back the throttles
and the jolt of the bounce itself, it would be very easy for a pilot to lose the feel of
exactly where the throtties are, and he might believe he had increased the powerto a
setting higher than pre-touchdown when in reality that setting could be somewhat less.

o The DFDR recorded a reduction in TRA immediately foHowing the first
touchdown. It does not appear te FPA that the pilet flying intended this. The
pilot inereased TRA just prior to the first touchdown. The combination of the
factual DFDR data and crew interview statements appear to confirm the FPA
pesition,

* FedEx modified the Aircraft Flight Manual in 1998 to allow flightcrews the option of turning off the
autothrottles if desired.

* Flight Operations Customer Service Douglas Aircraft Company. Know Your MD-11. McDosnell
Douglas, April 14, 1993,

*> Radar Altitude.

3¢ Autothrottie retard rates during the flare are not adjusted for variable sink. speed or closure rates, but are
a constant rate for all landings.
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4.5 Aircraft Ground Spoeilers

The MD-11 is equipped with a ground spoiler system. Once armed, the ground spoilers
deploy to the 2/3 mid position upon main wheel spin up. Full ground spoiler deployment
occurs upon nose wheel strut compression. Ground spoilers are inhibited when the
throttles are advanced forward of 44-49% of the throttie travel.”’

The information that Ground Spoilers are inhibited is not available to the line pilot either
in the FedEx MD-11 Flight Operations Manual or in the Honeywell Pilots Guide, both of
which are distributed to pilots during training as primary information on aircraft systems.
Most line pilots are unaware that arresting an undesired sink rate by applying thrust
forward of 44-49% TRA will inhibit the ground spoilers during the landing. The FedEx
Tail Strike and Bounce Recovery Training program uses thrust to aid in arresting the sink
rate or stabilizing the aircraft after a bounce. If power is advanced forward of the 44-
46% TRA, the ground spoilers will be inhibited and allow a bounce to continue to
develop.

s FPA recommends that the FAA and manufacturer re-evaluate the TRA uvsed for
inhibiting the ground speilers with censideration to increasing the TRA that will
inhibit the spoilers,

4.6 Tail Strike Awareness Training

The MD-11 has a history of tail strikes during both takeoff and landing, with a majority
occurring during landing. After several tail strikes and one nose gear first landing within
the industry, FedEx and McDonnell Dougilas created a training program to make MD-11
pilots more aware of the different characteristics of landing this aircraft. All FedEx MD-
11 pilots receive this training either during initial training or during recurrent training.
McDeonnell Douglas has produced a training/information video detailing the unusual
characteristics of this aircraft during initial rotation, approach, flare, and landing. This
video is shown during tail strike avoidance training,

When landing the MD-11, pilots have been conditioned to quickly arrest any pitch up
with forward elevator.>® The FedEx AFM stated, “Be prepared to counter any pitch-up
tendency as spoilers extend.”” The landing technique taught by FedEx and the
manufacturer at the time of the accident was for the pilot to hold a constant pitch attitude
below 10 feet or to slightly reduce pitch attitude just prior to touchdown.

*’ Throttle Resotver Angle (TRA).
3 See also section 4.0 of this submitial.
¥ FedEx MD-11 flight manual (AFM), July 1996, page 7-101.
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Below 10 feet with the aircraft fully flared (sink rate approximately 2-4
feet per second), the basic technique is to maintain attitude by applying the
required control wheel pressures. A more advanced techmque 1s to relax
the back pressure to lower the nose (approximately 1°) prior to main gear
touchdown. *°

The FedEx MD-11 “Flight Instructor Guide™ portion of the “Tail Strike Awareness
Traimng” handout dated June, 1996, stated:

At 30 feet a smooth 2.5 degree flare should be initiated so as to arrive
below 10 feet in the landin; attitude. Back pressure should then be
relaxed until touchdown."’

The MD-11 has had a pronounced pitch-up tendency during spoiler deployment after
landing.*’ The net result is that when under 10 feet during landing, MD-11 pilots have
become much more concerned with any pitch up, as opposed to any pitch down.

While the published FedEx AFM tail strike and bounce recovery technigues may not lead
to problems, some pilots on the line have made it a habit to lower the pitch attitude by a
few degrees prior to touchdown to insure no tail strike. The danger of decreasing pitch
attitude prior to touchdown has never been highlighted by any instruction.”

The differences between the FedEx AFM and the guidance contained from the Tail Strike
Avoidance Training publication as well as that of some of the MD-11 instructors 1s
conflicting and confusing. The statement, “back pressure shouid be relaxed until
touchdown,” can be especially misleading.

With the exception of those pilots that may have engineering backgrounds, most pilots
are not aware of, nor have they been trained to understand, what forces develop when an
aircraft is pitched forward prior to touchdown. MD-11 pilots have been trained to:

1. Hold the pitch attitude constant or reduce the pitch attitude just prior to touchdown
{less than 10 feet).

2. Be very concerned about and anticipate possible pitch-up just after touchdown.

3. Use power to arrest any sink rate — allowing the thrust to accelerate the atrcraft “out
of” any sink rate that is higher than desired rather than modify the pitch attitude.

Note that the critical time is when the aircraft is under 10 feet and that during the
accident the aircraft only bounced to 5 feet. The primary guidance for crews when

10 FedEx MD-11 flight manual (AFM), July 1996, page 7-46. Similar text can be found also on page 7-
100.

Y Emphasis added.

“ This pitch-up tendency was virtually eliminated by re-programming Flight Control Computer (FCC) in
1994. Although this software change was made prior to Juiy 1997, the potential for pitch-up was and is
still a concern among most MD-11 pilots. Those pilots who have received initial MD-11 training after this
software change still inherit a deep respect of the “pitchi-up™ from other pilots.

3 See expianation in Maintenance, Section 3.2 of this submittal.

2¢



under 10 feet is to be very concerned about a pitch-up or high pitch attitude with no

guidance that they should also be concerned with a pitch-down at this low altitude.

FedEx flight training is currently developing a more in depth training course to address
these principles, along with other aspects of aerodynamics that have generally received

little or no attention in the airlines. Unfortunately, many pilots have never received
formal training in these subject areas so they have a gap in their understanding of the
flight charactenstics of the aircraft they operate.

FPA asserts such training should be a mandatory part of pilet training.

FPA asserts that the addition of a Heads-Up Display/Guidance system would
reduce or eliminate the potential for this type of accident by increasing pilot
situational awareness.

Pilots develop flying techniques over many years. The MD-11 requires aircraft-
specific handling techniques te recover frem an unusual situatien (such as a
bounced landing). FedEx and the manufacturer developed specialized training
for the MD-11 to compensate for this. Even with such training, it is probable
that when an unusual situation is encountered, the pilet will revert to the
techniques developed over many years rather than those aircraft specific
techniques that are only applicable te this one aircraft type. There is a need to
determine how much training is necessary to ensure that eight or ten months
after training the newly learned techniques will be those which the pilot relies
upon in extremis, rather than reverting to the older, “normal” techniques. How
much training will it take to wash out (somewhat permanently) 20 er more years

of reliance on a different technique?

4.7 _Other Operators Procedures

FPA conducted an independent inquiry of the landing techniques taught at several other

carriers operating the MD-11. The result of this study showed significant differences in

training. While the NTSB Operations Group Chairman did visit some other carriers to

compare the training, there were no records of these visits included in the NTSB
Operations Group Factual Report. The Operations Group was not convened for these
visits, As a result there were no Operations Group members with actual MD-11
experience in attendance at these meetings.

1t is of significance that some of the other MD-11 operators have had few, if any,

problems with the MD-11 yet no comparison of their training and procedures and those

of FedEx has been made by the Operations Group.
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e FPA requests a detailed study be conducted of alf MD-11 eperators worldwide
for differences in training and handling procedures for the aircraft and their
history of landing accidents/incidents.

4.8 Human Performance Summary

1. Several items contributed to the concern over the available landing distance. These
include the inoperative thrust reverser on the number I engine and the apparent
confusion over the landing distances by including air run as part of the total distance.

2. Training should be implemented so that pilots have a better understanding of the
limitations and requirements pertaining to landing distances and performance.

3. The affects of the airport and surrounding city lights, combined with an tnoperative
aircraft left landing light contributed to optical illusions and made perception of the
actual aircraft flight path difficult.

4. The absence of runway approach lights and touchdown zone lights, combined with a
dark runway surface, contribute to a “black hole” effect on this runway.

5. The use of autothrotties through the landing phase on a hand-flown approach may
reduce the tactile awareness of throttle position, particularly in a bounce scenario.

6. The auto-ground spoilers are inhibited at a fairly low throttle resolver angle.
Consideration should be given to increasing this setting,

7. Pilots operating aircraft that have a history of tail strikes may be more likely to err on
the side of “unloading” and intentionally landing in a relatively flat attitude. Thereis
no consideration given to this factor. Tail strike awareness training should include
instruction regarding the problems of pitch over prior to touchdown.

5.0 Survival Factors

When the aircraft rolled inverted, the upper fuselage was damaged in 2 manner that
rendered the main cabin doors unusable (unable to be opened).**

The right sliding cockpit window appeared to be damaged due to the aircraft sliding on it
for a portion of the event. The left (Captain’s) DV sliding window was the only avenue
available to the crew and jumpseat passengers to escape the airplane after the accident.
This has obvious implications if this had been a passenger aircraft.

4 The main cabin doors move upward into the fuselage when opened. Due to the deformation of the
upward fuselage it was impessible for the doors to move to the open position.
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6.0 Related accidents

Alitalia experienced a landing accident in Chicago on August 8, 1994. This was a
porpoising type event. It is significant that the aircraft was stabilized prior to touchdown
and that the aircraft pitched forward after the initial touchdown - as did FedEx 14.

Delta Airlines had a landing accident in 1993 that also had some striking similarities to
the FedEx 14 accident, including a bounce and pitch forward after the tnitial landing.
The second touchdown on that accident was on all three wheels — had it been on one
main landing gear, the end result might have been very similar to FedEx 14.%°

Similarly, the first of the two previous FedEx landing accidents for N611FE, occurring
on 01/04/94, had an initial bounce, followed by a pitch forward onto the nose gear.*

Martinair did have an accident involving a DC-10-30*" in Faro Portugal several years
ago. The failure sequence was very similar; the wing was found in a similar location after
the aircraft touched down, as was the inboard flap. This investigation was not conducted
by NTSB; therefore, access to more detailed analysis 1s not available.

7.0 _Accident Investigation

The field investigation portion of the investigation lasted only 5 days. At the time of the
field investigation most of the emphasis was on the right main landing gear. FPA did not
learn until very recently that the first failure was probably the right wing rear spar web;
therefore, the NTSB and the parties placed very little emphasis on the study of those
components. Meore importantly, these components were released prematurely. The
NTSB gave permission to move many these parts in order to allow the Newark
Airport Port Authority to clean up the runway. This resulted in several critical
missing items that needed to be recovered later in trash dumpsters, and others that
were never recovered. Still Jater it was discovered that some of the released
components were parts needed to find failure modes or to provide physical evidence
for suspected failure paths.*

Any conclusions based on assuming that those missing components had no previous
damage can only be considered speculative.

The net result was that much of this missing data had to be reviewed through
photographic or written records and investigator recollection. Obviously this was far from
ideal.

15 See Appendix XII for the summary of these accidents.

“ FPA has niot been able to obtain any NTSB reports or other more detailed information for this accident,
except for that which is included in Appendix [V,

* The DC-10-30 in this accident has a landing gear design virtually identical to the MD-11.

* Specifically, these components are the upper and lower spar caps and spar web.
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Additionally, FPA believes that in hindsight the NTSB Operations Group should have
conducted increased research in the areas of landing techniques, training and the study of
other MD-11 operator’s procedures. For example, FPA asks, what are American
Airline’s procedures in the use of autothroitles? If they are turned off prior to flare, does
that explain American’s unusually good safety record in landings for the MD-11 as
compared to some of the other operators with similarly sized fleets? This, along with
American’s pitch technique during flare, must be evaluated.

8.0 Statement on Probable Cause

The normal assumption for probable cause in this type of accident would be to direct a
share of the blame to the pilot because he was flying the aircraft at the time of the
accident. However, to assess any probable cause to the pilot because DFDR data reveals
an unorthodox second landing after the first bounce, raises the following unanswered
question:

How can any investigative body list the pilot as a contributor to the accident when this
airplane was not equipped with a DFDR parameter recording the position of the control
yoke? Without factual data reflecting pilot input to the flight controls via the control
yoke, it is impossibie to conclude whether or not the pilot actually manipulated the
controls that resulted in the final aircraft attitude immediately prior to the second
touchdown.

9.0 Conclusions

1. Criteria for Hard Landing Inspections may not be adequate to provide complete
mspections of all critical parts of the aircraft.

2. The accident aircraft had two previous hard landing events, which required repair of
the aircraft. Any common factors for these accidents that may have been related to
this particular airframe (N611FE} are unknown.

3. Cnitical parts of the accident aircraft wreckage were released and destroyed and not
avatlable to complete the investigation.

4. The FARSs for the certification of landing gear testing for air carrier aircraft do not
take into consideration side oad during landing.

5. Although the amount of force the main landing gear strut absorbed was considered n
the analysis, it is not clear that the analysis gave any consideration for loads absorbed
by other aircraft components, including the center landing gear and general flexing of
the aircraft structure. No analysis was performed on the center landing gear tires.

6. The number 1 Thrust Reverser was inoperative and was secured according to the
Minimum Equipment List (MEL).

7. The left inboard landing light was inoperative during the landing approach.
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8. The combination of the absence of approach lights and touchdown zone lights, with a
dark runway surface, creates a “black hole” effect when landing on runway 22R at
Newark.

9. The autobrakes system had been written-up as intermittent on several flights prior to
the accident flight.

10. The flightcrew was properly certificated and qualified to conduct the flight.

11. The flightcrew did not fully understand the APLC information and perceived that the
runway required was 1500 feet more than that which was computed by the APLC.

12. The runway assigned for landing has an environment conducive to visual illusions.

13. The MD-i1 aircraft has a history of tail strikes and hard landings. FedEx has
initialized a special pilot training program, “Tail Strike Awareness Training,” to
prevent inadvertent tail impacts.

14. The MD-11 Ground Spoilers are inhibited after touchdown when the throttles are
advanced beyond 44-49% of TRA. FedEx pilots were generally not aware of this
fact.

15. Landing techniques for the MD-11 were conflicting and confusing, both by the
manufacturer and the operator.

16. No analysis was performed by the Operations Group on the training conducted at
other MD-11 operators, with a related study of their accident/incident records.

17. FedEx pilots were required to use the autothrottle during all landings, even when
controlling the aircraft manually. It is possible that the use of the autothrottle reduces
the tactile feel of the throttle position during a bounced landing event. If the power
had been increased, as the Captain intended, the aircraft would have accelerated much
more and the vertical acceleration may have been negligible.

18. The accidents discussed in section 6.0 for Delta, Alitalia and FedEx, may have
occurred under similar circumstances as FedEx 14. These should be further analyzed.

10.0 The FPA Position:

After presenting our analysis of the facts and circumstances related to this accident, we
restate the original question: How could this accident have occurred in an aircraft
flown by a well qualified, experienced flightcrew, following a perfectly flown
approach?

Since there was no DFDR parameter to record the control yoke position, only
assumptions can be made about the actual manipulations of the controls by the pilot. The
FPA urges the Board to resist an easy answer of “pilot technique.” This was not the
cause of the accident.

In our opinion, some significant questions remain unanswered, however, based on the
facts developed, we offer the following conclusions and Probable Cause(s}):
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11.0 Proposed Probable Cause (s):

The Probable Cause (s) of this accident were:

1.

2.

The design of the MD-11 aircraft that required specialized flightcrew training to
prevent tail strikes during the landing phase.

The inadequate and conflicting flightcrew training for landing the MD-11 aircraft,
which resulted in a bounced landing, and the subsequent hard touchdown and failure
of the right wing.

The failure of the manufacturer and the airline to adequately address these landing
problems and provide flightcrews with satisfactory training solutions.

The failure of the right wing rear spar web.

11.1 Contributing Factors

L.

2.

L

The inhibiting of the aircraft ground spoilers at a relatively low throttle resolver
angle.

Visual illusions in the vicinity of runway 22R at EWR, aggravated by the inoperative
landing light.

Concern over landing distance, due to misunderstanding of the APLC, leading to
efforts to minimize runway use and float during the initial landing and bounce
recovery.

Company procedures requiring the use of autothrottles at all times (if available).
The MD-11 design that allowed the right wing structure to fail prior to the failure of
the nght main landing gear.

Concern of the pilot over the landing distance because of the inoperative thrust
reverser and previous autobrake malfunctions.
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12.0 Recommendations

1t 1s recommended that:

1. the FAA conduct a Critical Design Review of the certification of the MD-11,
including the strength of the wings and landing gear.

2. the FAA and the manufacturer review the Hard Landing Inspection criteria,

3. the FAA conduct an examination of FAR 25 and related documents to
determine if current regulation is adequate to ensure safe structural design.
Particuilar attention should be given to ianding gear and related structure
design load limits with an emphasis of anticipated loads during landing in
strong and gusty crosswinds and variable pilot technique.

4. the FAA and operators of the aircraft review the landing techniques for the
MD-11 aircraft. An Aerospace Industries Association Steering Committee
consisting of representatives from the pilot unions, the manufacturer, ATA,
and IATA operating the MD-11 aircraft should review and develop landing
procedures to prevent future landing accidents in this model aircraft.

5. the FAA and other industry groups conduct research to determine what level
of initial and continuing training should be required for aircraft with type-
specific landing/flying techniques to ensure that pilots operating such aircraft
do not revert to techniques applicable to more “generic” aircraft.

6. The FAA consider the use of a Heads-Up Display/Guidance system to
increase pilot situational awareness during landing.

7. airlines should re-emphasize training in landing performance and raise
awareness of the forces that can result from various landing techniques.

8. FedEx continue a more aggressive training regime in the areas of landing
performance data, aerodynamic effects during landing and landing gear design
load limitations,

9. FAA mandate Flight Data Recorders that will record control yoke position.
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Appendix |

FedEx MD-11 Aivcraft Flight Manual Excerpts
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Fed=2. mp-17 FLIGHT MANUAL
Federal Express

Special Qutput Considerations BRAKING ACTION REQUIREMENT

FLASHING VAPP

Aflashing V App signifies that winds for at least one
runway exceed either crosswind or tailwind opera-
tional limits. Qut-of-Wing-Limits runways are des-
ignated by a "+" next to the Out-of-Limits wind
component for that runway. Wind components
shown are the maximum allowable and calculated
ianding distances use the wind compenent limits
shown on the screen.

APPROXIMATE LANDING DISTANCE

The approximate landing distance based on auto-
brakes is provided for Minimum, Medium and Maxi-
mum braking .

Landing distance is predicated on crossing thresh-
old at 50 feet at VRgF + 5 and touching down at
1500 feet at VREF - 3 KIAS, and deploying ground
spoilers immediately after touchdown.

RUNWAY LENGTH
The shorter of three lengths which may be pre-
sented in the Jeppesen Airways Manual: the actual
runway length, the landing beyond threshold length
and the landing beyond glidesliope iength {+10060
feet).

MIN BRXG
Minimum Braking assumes a constant deceleration
rate. If this rate is achieved through aerodynamic
braking and reverse thrust, little or no braking
occurs. If thrust reversers are not used, more brak-
ing is required to achieve this rate.

MED BREG
Medium braking on a dry runway assumes a Con-
stant deceleration rate and the same decaleration
componenis as minimum braking apply. Medium
braking distances on a wet runway assume no
reverse thrust.

MAX BRKG

Maximum braking assumes a constant deceleration
leve! achieved with full anti-skid braking without the
use of thrust reversers.

5-0-24

When a runway is other than dry and the crosswind
for that runway exceeds 10 Kis., a note will appear
in the bottom right portion of the screen stating
"Regd Braking Action: FAIR" meaning that reported
braking should be fair or better.

MINIMUM QUICK TURNARQUND TIME

When a specific combination of OAT, Pressure
Altitiude, Winds and Runway Slope is encountered
for a given runway, the MD-11 is required to remain
in the blocks for at least 45 minutes. When these
conditions are experienced, a "B* is shown next to
the affected runway and a note appears in the lower
portion of the screen stating "B-Reqgd Block Time
{Min}: 45."

Function Menu
The function menu for this screen contains

input Screen
Retums the user to the inflight Landing Perior-
mance Input screen.

Quit
Quits the current modute and retums to the Mod-
ule Menu.

Exit

Terminates the program and retums to the Con-
figuration Menu.
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GENERAL PROCEDURES

DESCRIPTION

General procedures are applicabis to aii phases of
tiight.

PROCEDURE

Aitimeter Procedures

Rafer to Chapter 2 of the Flight Operations Manual for
attimeter pracedures.

{31.6)

{3.2.0}

{321)

Altitude Verification
Autapilot engages:

The PF sets the new altitude in the FCP, Tha PNF
vorifias that the correct altitude is set in the FCP
and states the new altitude clearance {i.e. “3507). lf
varbal verification is not received from the PNF, the
PF points to the FCP. if verbal veritication is still not
received. the PF commands “Confirm Aftitude.”

{a.2.2)

Autopilot not engeged:

The PNF sets the new altitude in the FCP. The PF
verifies that the correct altitude is set in the FCP
and states the naw aititude cloarance (i.e. "3107). i
varbal veritication is not recaived from the PF, the
PNF points to the FCP. If verbal verification is still
not recoived, the PNF commands “Confirm Alfi-
tude.”

Autobrakes {3.2.3)
Autobrekas, if available, will be armed for takeoft.

Autopilot (324

—_—
. WARNING

Appiying force to the control wheet or col-
umn while the autopilot is stil engeged
has resulted in autopilot disconnects and
subsequent abrupt aircralt maneuvers. Pi-
lots have over-controlled the aicraft while
trying to return to stabilized levet flight.
The pilot should never apply torce to the
control whes! or colurin while the autopi-
lot is enpaged. if the pilot is not satisfisd
with the autopilot performance, or is un-
sure that it is operating correctly, it should
be immediately disconnected by using
one of the autopitot disconneet awitches.

30 June 1588
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300}

if the autopilot disengages while a force is
appiied to the contro! wheel or column,
there wiil be a rapid, commanded change
in some of the controf surface positions.
This will result in an abrupt and unpredict-
able aircraft response. Additionally, the pi-
jot should not attempt to disconnect the
autopilot while applying & ecniro! force. If
an inadvarten! outspilct disconnect oc-
curg, the pilot must smoothly stahilize the
aircraft atfitude, retaasing the fiight con-
trots, if necessary, until the aireraft motion
dampens out.

Autospollers

Autospoilers, if available, will be armed for takeofi and
tult stop ianding.

(32.5)

Autothrotties .

Autothrotiles, if available, are recommended for all -
phuse at-fight- Hewever, at the discretion of the cap-
tafn; manual manfpufaton of the throttes is authorized, -

NOTE

Unlike the autopilot, autothrotties may be
overidden while engaged.

{(3.2.6)

FCP Operation

Al FCP system inputs must be visually verified on the
FMA and/or ND.

Autopilot engaged.
Ali FCP inputs should be made by the PF.

@327h

Autopilot not engaged:

All FCP inputs should be made by the PNF with the
exception of the AUTOFLIGHT tile.
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DESCRIPTION

The objective of this secticn is to provids procadures
and technigues used to eccomplish a normal landing.

The best landings are a resuit of weil executed ap-
proaches. Flaps 35° or 50° are the normal landing con-
figurations. Flaps 35° is recommended for crosswinds
greater than 15 knots (when the landing distanca is not
cntical), potential windshear, and nioise abatement con-
sidarations. Flaps 50 may be appropriate with tailwinds,
marginal APLC tanding distances. 1 anding with 50*
fiaps will decrease the approach deck angte by one de-
groo and landing disance by up to 5. A fower deck
angle aids pilot acquisition of visual landing cues in low
vigibility. The aircraft must be flown in a cantrolled, sta-
bilized manner #hrough touchdawn and roliout. Pitch at-
titude and thrust are keys 10 a good landing.

PROCEDURE

Normal Landing

Aim to touch down 1500 from the nmway threshold,
The runway threeho!d should disappear under tha noge
at about the same time CAWS announces “100"." Main-
tain a stabiltized flight path through the 50 and 40 foat
CAWS caBouts (Unlass sink rate is high). At 30' a
smooth 2.5 dagree flare should be initiated 5o as to ar-
rive below 107 In the landing atitude. Do not trim in the
fiare. Elevator back pressure should be relaxed, and a
constant pitch atiitude should be maintained from 10
radio aftitude to touchdown.

The autothrottlas switch to the retand mode at SO* HA.
In the retard mode, the throtties move to idie at a pre-
programmad rate without regard to airspoed, vertical
velocity, or RA. The PF musi maintain the appropriate
glide path to touchdown. If a deviation occurs from that
glide path, the PF must override the autothrotties to
prevent retard.

{(1.1.0)

(12.0)

\FR))

NOTES

During a visual approach the main landing
gear should cross the runway thrashold at
approximately 50' above the TCH. Do not
deviate from the visual giidepath in an at-
temnpt to touchdown shaorter than normal.

Excessive sink rates, and subsequent tail-
strikas, have occurred as the result of an
early flare and “fesling” for the runway.

30 Juno 1988
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NORMAL MANEUVERS

(1.0.0)

If the airplane is flared early and the auto-
thrattles are allowsed to retard, the air-
spaead will decay, elevator affectivenass
will be reduced, and a higher pitch attitude
will be required making the pitch up ten-
dency saiter touchdown more pronounced
and more difficult to counteract.

At main wheel touchdown the autospeilers partially de-
piay. Counter any pitch-up tandency associated with
spoiler extension. Fly the nose wheel smoothly to the
runway. Avold full elevator down inpui, if selected, au-
tobraking wilt bagin shortly after spoiter deployment.
When the nosewhea! is lowered to the runway, the
spoilers will fuily deploy. After main gear touchdown re-
varse &ll three engines as soon as possible. A maman-
tary pause will be encounteroed at the interiock stop.
Engine #2 will provide only idle thrust until nosewhee!
strut compression. At 80 knots, smoothly movs the re-
verso thrust levers toward tha revarse idie datent, sp as
to be at idie forward thrust by 60 knots. Do not delay
lowering the nosewheal to the runway.

NOTE

Fast movement out of reverse will pro-
duce a sudden surge of forward thrust that
will negate some of the airplane’s stop-
ping abflity.

The PNF monitors spoiler depioyment and manually
daploys the spoiters it necessary. During landing and
reversing the PNF monitors the engine instruments and
calls out “B80/60 knots.” When applicable, the captain
nomally Initiates transfer of control from the F/O after
the “60 knots” caliout.

. warNiNg |

After reversa thrust is inftiated, a full stop
landing must be made. Do not attempt a
go-around.

High Sink Rate/Bounce Recovery {122

If a high sink rate or tow bounce occurs, the PF should
establish a 7 1/2° pitch attitude and increase thnust until
the sink rate has been arrested and/or a nomal landing
is accomplished.

Ii a high bounce accurs, a low-level go-around should
be initiated. Low-leve! go-arounds are dramatically dif-
ferent than nomal go-arounds. During low-ievel go-
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NORMAL MANEUVERS

arounds, main whee! touchdown may be unavoidable.

The PF miust not excesd 10° of pitch or retract the land-
ing gear until the aircraft is safely sirborne with a posi-

tive rate of climb.

Crosswind Landing (1.2.3

Crosswind landings are accomplished by fiying the final
approach in a wings leval attitude with a crab into the
wind. At approximately 200° agl, align the fuselage with
the runway by smoothily applying rudder and maintain
runway centerline by lowering the upwind wing. In high
cresswinds, censideration should be given o com-
mencing the align manesuver prior to 200°. The align
maneuver shall be established by 100° agl.

NOTES

Excessive sink rates and subsequent tail-
strikes have occurred as the resuit of a
late or abrupt atign maneuver. The align
maneuver has an associated increase in
drag, and if unchecked with power, will re-
sult in an increased sink rate.

Aft Fuselage Ground Clearance (Landing}

Tailstrikes are not caused by landing with a high sink
rate. Taliatrikes occur as the result of attempting to ar-
rast a sink rate or bounce by quicidy adding significant
up elavator below 10" RA. Up elevator inputs will load
the horizontal stab increasing the effective weight of the
aircraft and initially increasing the vertical velocity. In-
creasing the pitch attitude drives the main wheels into
the ground and compresses the main gear struts.The
MD11's att tuselage will contact the runway at approxi-
mataly 10 degrees pitch atlitude with the struts com-
pressed. Additionally, there is a direct correlation
between an increasing pitch attitude rate at touchdown
and an increased pitch up tendency aiter touchdown.
One dagree per second of increasing pitch attitude rate
at tfouchdown generates as much pitch up tendency as
full spoiter deployment. Therafore, elevator back pres-
sure should be relaxed and a constant pitch attitude
should be maintained from 10" RA to touchdown,

TECHNIQUE

Consider using max autobrakes for landing, if avaifabie,
for adverse conditions.

(1.24)

{1.3.0}

Exarnple: wet/slippery runways, high crosswinds etc.

For landing it is recommended that the PF have the
ACT F-PLN displayed and the PNF have the TO/APPR
page displayed on the MCDU.

7-1-6-2
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MD11 FLIGHT MANUAL

Federa! Express

ACCEPTABLE PERFORMANCE GUIDE-
LINES {1.4.0)

- Airspeed - +5 knots of the target speed on final.
* Touchdown to ocour in the touchdown zone.
» Touchdown cinse to or on the centeriine.

30 June 1998
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PROCEDURE TURN
DESCRIPTION

A procedure turn is specified where it is necessary to
reverse direction to establish the airplane inbound onan
intermediate or finai approach course. The approach
plate will specify the outbound and inbound course, the
distance within which the procedure turn shall be com-
pleted, the side of the inbound course on which the turn
should be made and a minimum altitude to be main-
tained.

Uniess specified on the approach piate, the point at
which the procedure turn is started s ieft to the discretion
of the pilot. It is recommendad that the tum to the
outbound heading be commenced 1 minute past the
final approach fix on a non-precision approach and 30
seconds past the final approach fix on an iLS approach.
Timing of the outbound leg should be a minimum of 30
saconds and a maximom of 1 minute depending on wind
conditions, Normally the procedure turn will be accom-
plished with 28°/Ext and at minimum maneuvering air-
speed.

When established on the inbound course of the proce-
dure turn and cleared for the approach, the Before
Landing Checklist should be accomplished. One MCDU
should be set to APPR page with the appropriate flap
setting selected. One ND shouldbe selected tothe APP/
VOR display and one ND selected to MAP display (10
mile range recommended).

ACCEPTABLE PERFORMANCE GUIDELINES - PRO-
CEDURE TURN

Altitude: + 100 ft during the procedure turn.

s Airspeed: +10 kis of target airspeed, but not less
than minimum maneuvering speed.

s Proper pltanning of aliitude, airspeed and configura-
tion prior to the FAF.

+ Compliance with ATC instructions.

COMMON ERRORS - PROCEDURE TURN

* Improper airspeed.
EaryNate configuration,

¢ Failure to maintain visua! watch while maintaining
VMC.

15 June 1994

VISUAL APPROACH
DESCRIPTION

Complete the descent and approach procedures prior to
entering the airport tratfic area so the flight crew may
devote their full altention to airplane control and traific
avoidance. The FMS and ali radio aids shall be used to
identifty the proper runway. Electronic and visual
glidesiopes will be used when avaiable.

Aircraft should be stabilized in final landing configura-
tien, on descent flightpath and on speed with appropti-
ate wind and gust corrections appiied to VREF by 1000
feet AGL. ifthe aircraft is not stabilized by 500 feet AGL,,
a missed approach should be executed. Rate of de-
scent should not exceed 1000 feet per minute below
1000 feet AGL. Visual aimpoini, to provide a threshold
clearance height of 47 feet on a 3.0 degree glideslope,
should be approximately 1700 feet past the threshold.
This wili provide a no-flare touchdown point approxi-
mately 900 feet from threshold. Aircraft shouid not
deviate from visual glidepath in an attempt to touch

downh early.

The normal two bar VASI must not be used betow
500 # AGL for establishing the approach fiight path
in the MD-11. Following a two bar VASI on the
iower edge of on glideslope, may cause the main
gear to touch down short of the runway.

NOTE
The three bar VASI| establishes a 3° glidesiope
and a visual aim point about 1,600 ft {rom the
threshold. The two sets of bars farthest from the
thrashold are used in the same manner as the two
bar VASI. Since the glidesiope angie and the
visual aim point generated by this system are
compatible with the MD-11, the system may be
used for guidance during a visual approach, keep-
ing in mind the general limitations of the VASI {ie_,
large tolerances, large vertical dimension for on
glidesiope indication, efc.}.

Adjust thrust smoaothly in smail increments. Large sud-
den thrust changes are indicative of an unstable ap-
proach. The use of autothrottles is mandatory, if avail-
able.

745 |
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AR

When hand flying in idle Clamp mode and de-
scending, the Flight Director Pitch bar is com-
manding speed based on plch (Speed on Piteh
will appear in the Autothrottie window). if the Pitot
Flying ignoras the Pitch Bar commands and slows
the airplane with a higher attitude position than the
Pitch Bar is commanding, airspeed will decay
beiow the selectad speed (white bow tie}. Lo-
speed protection will engage as the airspaad en-
ters the amber Foot. Two ways to pravent this
action are: 1; Foliow Pitch Bar guidance com-
mands if descending in Idia Clamp (Spesd on
Pitch} or 2; Dascend In Vartica! Speed. AVertical
Speed descent engages the Autothroties in a
Sposd on Thrust mode of aperation.

Tha flight profile represents the ideat approach situation.
Fiap and landing gear extension points were selected to
minimize thrust changes and crew work ioad during final
approach. The airplane must be stabilized on final
approach at least 500 # above field slevaticn.

Multiple approaches and landings will davelop the
pilot's ability to discern a 2.5° o 3” glidepath. An up
slope in either the ninway or approach zone creates an
*above glidepath® illusion and your actual heightis lower
than it appears. Under conditions of haze, smoke, dust,
glare or darkness, expect 1o appear higher than you
actually are. Bright runway lights appear closer, while
dim runway lights appear fusther away. | - Widar than
normal riunways creato an #ision of being lowar than
you actually are. Bealert for depth perception problems
on snow covered runways or when the color biends with
that of the surrounding tetraln.  The effects of itusions
can be minimized by veritying the approach glidepath
with cockpit instrumentation, crosschecks with other
crowmsmbers and, most imporiant, knowledge and
awareness of the special problems associatad with
these approaches. Abnormal of emergency conditions
requiring landings at othar than flaps 35°/50° will rosuit
in othet than normal pilch attitides for a given giidesiopa
angle.

Arpiane deck angle, rate of descent and thrust required
can be used along with exterior visual cuss to establish
or varify a correct final approach visua! glidepath. A
typical rato of descert for a 3° visua! giidepath is about
700 ft per minute {no wind). Remember that mte of
descont is a function of graund spsed and glidepath
angle. Muitiplying the ground speed by five will reaultin
the required rate of descent for a 3° glidapath. Muiliply-
ing each mile from the end of the runway by 300 feet will
resuit in the reguired aitituda above the TDZE.,

A fiat approach {below 2.5° visual glidapath angle) is
indicated by an increase in thrust required, iower rate of
dascent than norma! and a higher deck anglo. A stesp
approach {above 3.5° visual glidepath angle) is indi-

7-46

cated by a lower thrust setting, higher than nommai rate
of descentand a lower deck angle. Thase cues areoniy
true for stehle conditions (thrust, body aftifude and
airspeed steady).

FLARE

Autothrotties should ba usad for landings and will begin
to retard after passing 50 feet AGL. A slight flare should
ba inftiated batween 30 and 40 faet (approximately 2°).
Do not trirn stabllizer during fiare. Aircratt should touch
down in touchdown 2one. This technigue will result in a
touchdown slightiy below VREF. Do not hold aircratt off
in an attempt to achieve a smoocth landing. Holding
aircraft off to achieve a amoath landing may result in a
jong touchdown, unusuaily heavy birakdng, a higher pitch
attitudg and reduced tall clearance.

NOTE

Below 10 feet with the aircratt fully flared (sink rate
approximately 2-4 {est par second}, the basic
technique is to maintain atlitude by applying the
requirad control wheel pressures. A more ag-
vanced techinique is to relax the back pressure 1
lower the ncse {approximately 1) prior tc main
gear touckdown.

The aft fuselage will contact wunway at approxi-
mately 16 pitch attitude with struts comprassed,

TOUCHDOWN

After touchdown , The PNF will manitor ground spoiler
deployment and be prepared to manually depioy the
spoilers if necassary. The PF sheuid be prepared to
counter any pitch-up tendency as spoilers extend. Fly
nosewhaet to runway, and if ground spoiisrs do not fully
deploy upon nosewhes! touchdown, menually depioy
spoilers. Pitch-up tendency is more pronounced at aft
CQ. Use of autobrakes will heip counter any pitch-up
tendency.

ROLLOUTY

Ax nosewhes! is lowered io the runway, deploy revers-
ers on all three engines simultanaously. A momentaty
pause will be encountered at interlock stop on engines
1 and 3, and the raverse thrust may be seiected to
desired iavael. Engine 2 will provide only ide reverse
thrust until nosewheel stnut compression. For normal
landing, at 80 KIAS, smoothly move raverse thryst
iavers toward reversa idie detent, so as t0 ba at raverso
idie by 60 KIAS.
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LANDING PROCEDURES
LANDING FLAP SETTING

Normal tanding fiap settings may be flaps 35° or 50°
depending upon conditions.

One or more of the following conditions might cayse
fleps 50° to become the preferred ianding fiap selting.

o Short runway.

*  Tailwing,

e Contaminated runway.

s Early tum off or shariening landing roil.

s High landing gross weight associated with any of
the above items.

SELECTION OF FLAPS 50°
Pracision Normaily after 35° and below flaps 50°
limit spasd.

Non-Precigion Prior to FAF excapt it distance from fix
to runway s unusually iong, maintain
flaps 35° untll visunl contact with the
runway and in a position 1o intercapta
normal descant profile. In eny case,
the airplane, should be in the final
configuration prios to descent below
MDA,

Visual Neo [ater than 1000 ft. above TDZE.

FINAL APPROACH CONDITION AND TOUCHDOWN

The daaired visual final approech condition consists ofa
3° glide path and the airspeod at VApp. Autothroliss
should ba usad for all landings. The autothrottes will
begin to retard after passing 50 feat AFL and wik netard
ataUinear rate for a 3 degree glide path without sirspeed,
verticai speedorradio altitude bias. Conskieration should
be given to hokding power on it a nonma! flare is not
estabiished.

Vapp 6 adiusted for wind effacts. Target approach
speed is VApp for ianding in reported winds up to 10 kis
steady state. When tanding in higher wind conditlons,
add 1/2 the steady headwind componant plus tha full
value of the gust to VREF. The total additive should nat
oxcaed 20 kis.

Early stabilization of airspeed, power and descent rats
7-100

ans essential 1o a good landing. For nommal landing
configurations, the descent rate will be 650 to 800 ft per
minute. The pitch atlitude s 5° for tha MD-11 with the
fiaps set at 35°, mid CG, on & 2.5° glideslope at VApP.
in the hypothetical case, i the airplane is flared to the
zero rate of descent with [die thrust and a spaed of 1.28
Vg at touchdown, the pilch aitiude witibe 10°, Howaver,
with a typicel low rate of descent at touchdown, the pitch
attituda wit nomally be 8°10 8°. Landing with & 50° fiap
setiing will decrease the pitch attilude approximataiy 1
in al! casas. This body angle creat=s a relatively high
oye lgve! position in relation totha landing gear. Forthe
wansitioning pilot this reguently makes him want to
lower the airplana’s nose (duck under) when going VFR
from an instrument approach or when approaching the
threshold. The aiming peintis 1,500 ft to 1,800 ft down
the runway (40 to 60 §t threshold clearance) in contrast
tothe 1,000 # point used on smailer airpianes. The radic
altimetar is a good guide 10 assist in determining the
correct posifion for crossing the threshold. The radio
aitimeteris biased to accurately indicate the heightof the
towest part of the main wheels above the terrain, Radio
aftimeter calls are very vaitable as an aid in detetmining
wheeti halght to touchdown. When seated in the proper
seat position the thresho!d should disappesar under the
nose at 75 ft radic altitude. Atany tima the radio altitude
is observed to be 75 ft or less, and the approach and of
tha runwey is still in sight, the airplane is dangerously low
and comrective action should be immediately taken. One
of the most important factors which may lead {o ground
contct with the tail is holding off in the fiare which aliows
the airptane to fioat prior to touchdown. Dgnu ty®
arrest high sink rates with pitch alona. A skgiht flare
{approximately 2-degrees} should be infiated between
30 and 40 feet radio aftitude to raduce the sink rate,
Trimming the stabliizar or ieaving the power on through-
out the fiare will contribute to flaring tocoiate. Flaring too
early or abruptly will cause floating in ground eftect
which rapidly uses the runway. If speed is excessive, it
is still batter to set the airplane onto the runway as near
the 1,500 # point as possible rather than allowing it to
fiost in order to bleed off alrspeed. Decsleration on the
runwayis about 3 times greatar than in the air. At10{eet
radio aititude relax the back pressure on the yoks ta
lower the nose (approdmately 1 dagres) priorto main
gear touchdown, Ontouchdown, fisimporiant tolowaer
the nosawhes! to the runway and hold a positive forward
pressure to counteract nose up pliching tendancies.
When thisis dons, thewinganglsof attack is decreassd,
resulting in minimum {ift, which places more weight an
the main gear sooner. This no! only increases rolling
frction but increasas braking effectivenass aswell. This
procadure is fivetimes more efiective in dacelerating the
airpiane than that achieved from holding the nosewhee!
aff. Do not use asrodynamic braking.
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Be prepared to counter any pitch-up tendency as spoil-
ersextent. Pitch-up tendancyis maore prohounced ataft
CG andfor airspeads bslow VREF minus three knots.
Aulo brakes and maximum reverssa thrust (without delay
as soon as interiocks ralease and prior to nasawhes!
touchdown) will halp counter any pitch-up tendency.
The aft fuselage will contact the runway at approx-
mately 10 degrees pitch attitude with struts compressed.
Excassive pitch angles combined with slow airspesds
(in excess of three knots below VREF at touchdown)
while attempting to obtain a smooth touchdown by
hoiding the airpiane off the ninway increases the risk of
a tail strike. If the airpiane should bounce, establish
7172 degree pitch attitude and add thrust as necessary
to countar the rate of dascent. Do not incroase pitch
aftitude to hold the airplana off the runway. If a high
bounce occurs, initiate a go-around.

REVERSE THRUST

Reverse thrust is most effective at higher roll cutspeeds
and becomas less effective as the speed Is reduced.
Upon main gear touch down, the PF should immediatety
position ali three reversers toidie reverse. The PNF will
obsarve the Reverser Unlock lights {3 amber) illuminate
foliowsd by the Reverse Thrust lights (3 green).

While flying the nose giear to the ground, the PF should
maintain aconstant pressure on No. -and No. 3 reverse
levers so that raverse thrust on thesa engines can be
smoothiy applied when tha interdock releases. Do not
cycie thelevers. Asthe nose geartouchasdown andthe
squat switch is deprassed, the pliot shotdd then readh
forward and bring the No. 2 reverser back to match No.
1 and No. 3 if requirad.

Altar reaching 80 kis, the pliot should siowly mova the
reversers 10 the idie position. Remember that fast
movamant out of reverse will produce a sudden surge of
forward thrust that wili negate some of the airplane
stopping abitity. Finally alilights (graen and amber EAD
tevarso indicators) should be out upon reaching 80 kis
to prevent reingestion, FOD damage and compressor

stafis.

Excessive forward thrust will resutt when a fan
reversar is inoperative if the thrust laver is actu-
ated. To prevent this occurroncs, maintenance
procedures dictate a positive tocking of the cockpit
roverse lover.
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Raduca rovarse thiust slowly so as to be at
ravarse idle whan the reverse lovars aro stowed.

The PNF will cail out: “B0/60 knots®

During landing and raversing the PNF will monitor re-
verse and call out by engines number:

Any enginethatdoes notdisplay "REV" onthe EAD.
Engines that fall to spool.

Ny RPM in excess of G/A limit.

Excessive EGT rise.

ADVERSE BRAKING OPERATION

There are two ways that a perfoctly functioning anti-siid
system can be dafealad on a wat or icy unway resuiting
in locked wheels and a loss of directional control.

Tha first is due to the requiremant for the whaels to spin-
1D on touchdown before the anti-skid is activated. t this -
spin-up does not occur, when the piiot appiies brake
pressure the anti-skid logic will lat the brakes be set as
if at the gate.

The second is similar but accurs during the landing roll.
If, during the mleese phase of the anti-skid cycle, the
friction is not enough i accelerate the wheel there wili
gome & point when the wheel speed is slow enough 10
allow tha anti-skid logic to set the brakes as it at the gate,
even though the airplane is still traveling at a medium

speed.

This can be fert as a feeling of acceleration when
applying the brakes. To overcome this condttion the
brakes should be completely released momentarily In
order to aitow the wheals to spin-up to the proper speed.
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CROSSWIND LANDING, DRY RUNWAY

The recommended mothod for a crosswind ianding is to
fy the {inal approach in a wings level aftiiude with a crab
into the wind. When approximataly 200 &t above the
runway, align the fuseiage with the runway using tha
rudder and lowaring tha upwind wing. Use only enough
cross control to stop the diift. Avoid haiding the alfplane
off during landing; low angles of attack during landing
provide positive lateral cantro). The MD-11 has ample
bank angle ciearance during the crosswind landing
mansuver. However, excessive banking of the airplane
in close proximity to the ground, depsnding on {lap
satting, bank angle and pitch attitude, can rasult in wing
tip contact.

Tha forward stip maneuver recommendad would require
(worst exampie) a maximum bank angis of 8°. This
provides a comfortable margin for maneuvering snd
gust protection. After touchdown, maintain directional
control with rudder and keep the wings leve! with ailer-
ons. The landing gearAail area geometry of the MD-11
causos & marked tendency for the sirplane to weather-
cock in a cross wind {takeoff or landing). This weather
cocking tendency should be anticipated and comected
immadiately with the rucder while decalerating to taot
spead or unti] the nose wheel stesring and whes! brak-
ing bacome eflective.

NOTE

For crosswinds components inexcessof 15knots,
flaps 35 is recommended unless runway surface
conditions or length dictate the use of flaps 60.

7102
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SPOILERS

Cbsesve the spoilor handle moves aft upon main gear
spin-up.

If armed, auto-spoilers will depioy on fanding ar rejected
takeoff to dacrense (iit. Activate auto-brakes and aliow
optimum braking sfficiancy. During a refected takeofi, if
tho reject is initiated below 100 knots, the spoiters will
daploy upon application of reversa thrust. |f the takeo#
is rojected above 100 knots, retasding any two thratties
to idie will deploy the spoilers. During landing with fiaps
in the fanding range, tha spoilers will deploy to about 27
3 ground spoitars and than deploy fully at nose touch-
down. Duting landings with (ess than landing flaps the
spoilers will deploy at nosa gear touchdaown,

NOTE
i tha spoiler handle doss not move to the full aft
position {ground spoiler), the PNF will ift the
hendie up and pull it aft to the Ground Spoilar
position. if the handle does not tatch in the full aft
position, the PNF wili hold it aft.

REJECTED LANDING

The rejected landing procedure is idantical to the go-
around procedurs. Rotate to go-arcund atlitude {(ap-
proximately 20° initially, then adjust attitude to maintain
Vapp + 5 Kkis). Apply go-around thrust and sefect flaps
28°. Gear retraction wili not be Initlated unti! such time
as & positve rate of climb has been verified and called
by sither pilct. Follow standard missad approach proce-

Do not ettempt a go-around after reverse thrust
has baen initinted. Failure of a thrust reverser to
retum to the torward thrust position may preventa
successfui go-around,

1 September 1995
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ONE ENGINE INOPERATIVE APPROACH

if making a one engine inoparative approach, it is
essential that the aisspeed and profile be stabiizedearly
in the approach to minimize thrust changes. "Fleps 28°°,
*Gear Down®, “Before Landing Checklist®, "Fiaps 35°”
should be called Shm prior to the FAF . As the flaps are
lowered, the airspeed should be decrsased so that the
proper approach speed is meached at or soon afier
glidesione interception. if & wing engine is inoperative,
thrust/speed changes will sequire rudder/rudder trim
changes and should be anticipated to obtain best air-
plane and AFS parformance. if the center engine is
incparative, thrust changes will reguire elevator inputs
and/ar stabilizer trim changes.

‘tanding with one engine inoperative Is the same as &
normal {anding, except that Vapp + 5 { VRerF+10 } IS
maintained after extension of flaps to 35°. Reverse the
operative engines with discretion.

15 Novembeor 1994

ACCEPTABLE PERFORMANCE GUIDELINES -
LANDING

¢ Airspeed: + 5 KIAS of target speed on #inal.
+ Touchdown to occur in the touchdown zone.
= Touchdown close to or on the centeriine.

COMMON ERRORS - LANDING

Eariyfate fiare.
= Poor throttie control.
« Poar brake usage.

» Improper use of reverse thrust {(excessive, not
enough or none at afl).

= Fallure to fly the nose gear to the ground smaoothly.

= Ajrplane not in tim.

7103 |
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The ATS controls to speed targeis during approach,
altitude hold, vertical speed, flight path angle, and profite
modes of the AFS/FMS system.

FlightLevel change operation transfers the ATS to thrust
control. Speed will then be controlled by the pitch atti-
tude. The speed and thrust control functions are annun-
ciated on the FMA.

The ATS provides for automatic speed referance transi-
tions (I1AS/Mach) during climbs and descents as follows:
s |f climbing and under IAS control, auto-transition
occurs when the existing MACH number equals the
preselected Mach number {or 26,000 feet if the

Mach number was not preselected).

s If descending and under control of Mach number,
auto-transition accurs when the existing |1AS equals
the preselected IAS (or 26,000 feet if IAS was not
preselected).

Auto-transition is annunciated on the FMA speed widow
by a change in the contral target.

SPEED EN OPE LIMITIN

GENERAL

The AFS provides full flight regime speed protection
using the following:

* ATS self engagement.

*  ATS speed conirol.

¢ LSAS speed limiting and stall protection.

s  AP/FD automatic pitch mode transitions.

AUTOMATIC ENGAGEMENT AND SPEED CON-
TROL

The ATS (if available but not engaged) will auto engage
and transition toa speed onthrust mode whenthe Vg ax
or VN limit is about to be (or has been) exceeded. The
AP/FD {if engaged) reverts to a compatible pitch mode.
ATS engagement is annhunciated by a flashing white A/
T OFF on the PFD and HI SPEED {cr LO SPEED)
PROTECTION fiashing above the FMA speed window
as appropiiate.

LSAS SPEED LIMITING AND STALL PROTECTION

If the AP is not engaged and the ATS is not availabie, or
unable to maintain a safe speed, LSAS speed limiting
will engage automatically to provide overspeed or stall
protection. LSAS overspeediimiting is accomplished by
changingpiich. The target speedthatthe LSASchooses
in high speed protection is variable between Vmo/Mmo,
for throtties at idie, and Vpo/Mpmo plus 6 knots for

I 31 October 1997

throtiles at full power. LSAS will not auto timin the nose
down direction in a high speed encounter.

LSAS does not provide flap, slat or gear overspeed
protection.

LSAS stall protection engages at stickshaker waming
angle-of-attack (PLI on the PFD tums amber). Stick-
shaker warning is 75 to 85 percent actual stickshaker
angle-of-attack depending on flap setting.

If windshear command guidance is on, LSAS stall pro-
tection is delayed uniil actual stickshaker angle-oi-at-
tack.

After the angle-of-attack is reduced below stickshaker
warning, LSAS stall protection is discontinued and ATS
speed control to FMS Vg s resumed.

The pilot may counteract the LSAS overspeed or stall
protection by pushing on the control eolurnn with force to
defeat the LSAS elevator inputs. This force is approxi-
mately 50 pounds. i the pilot releases the control
column force rapidly, LSAS will dampen the resulting
elevator instability. For further information refer to the
Fiight Centrols chapter.

APMFD SPEED MODE REVERSIONS

Detection of speed limit violations in FMS SPD or PROF
modes disengages the FMS and the AFS will resume
control (if engaged).

I¥ the FCP level change/speed on pitch mode is en-
gaged, the ATS is off or availabie, and a Vyjgy of FMS
Viin speed limit violation occurs the following will hap-
pen:

At 5 knots over or underspeed:

s The AP/FD pitch contral mode reverts to V/S-FPA
at existing vertical speed/light path angle.

¢ ATS engages in speed-on-thrust speed protection
with a Vigin of VMax speed target.

+» The FMA flashes THRUST and V/S or FPA five
times before becoming steady.

¢ The FMA flashes HI SPEED PROTECTION or LO
SPEED PROTECTION,

At 10 knots over or underspeed:

* The AP/FD pitch control mode reverts to pitch
speed protection with a Vigin Of Vsax speediarget.

« Thethrotlles are clamped at their existing positions.

= The FMA flashes PITCH five times before becom-
ing steady.

+ The FMA flashes Hi SPEED PROTECTION or LO
SPEED PROTECTION.

8-4-13 '
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LONGITUDIN 1M

GENERAL

Longitudinal trim is provided by a two-speed, hydrauli-
cally powered, adjustable stabilizer.

The stabilizer is actuated by two hydrauiic motors pow-
ered independently by hydraulic systems 1 and 3. Hy-
draulic system 2 will provide backup hydrauiic power to
the stabilizer through the 2-1 NRMP.

The stabilizer operates automatically at two different
trim rates as a function of airspeed and/or altitude to
provide optimum performance. The rate is also depen-
dent upon which stabilizer control input is in use.

A compensator with a low fluid level switch will automati-
cally shut off hydraulic flow from hydraulic system 2 to
the 2-1 NRMR if fluid level is iow in the compensator.

Four modes of operation are available as {ollows:

s Autotrim {longitudinal stability augmentation sys-
tem (LSAS)).

e Autotrim (autopilot).

« Manual trim (switches).

¢  Manual trim {(LONG TRIM handies).

To accomplish smooth and appropriate longitudinal trim
rates for all flight conditions, two trim rates are proviged
for each mode of cperation. The rate change occurs at
250 knots airspeed or 33,000 feet.

LSAS AUTOTRIM

When LSAS is engaged in pilch attitude hold {force on
column iess than 2 pounds), the automatic pitch trim will
move the horizontal stabilizer to trimn out steady state
elevator commands. The FCC oparates one trim motor
in this mode. Rate (high or low) is based on altitude and
airspeed.

AUTOPILOT AUTOTRIM

When the autopilot is engaged, the autotrim function will
control the stabilizer based on average elevator position
offsets, rather than using elevator commands as in
LSAS. When the AFS OVRD switch on the FCP is
pushed to OFF, AP automatic pitch trim tumns off.

MANUAL TRIM (SWITCHES)
Fuil-time actuation of both trim motors is available to the

pilot thvough use of the manual trim switches on both
control wheels. These switches wiil move the stabilizer

l 31 October 1997
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inthe commanded direction and disengage the autopilot
from any engaged mode {except DUAL or SINGLE
LAND).

MANUAL TRIM (HANDLES)

Cverride of the electrical trim systems is accomplished
with a pair of LONG TRIM suitcase style handles on the
Captain's side of the forward pedestal.

The LONG TRIM handles remain stationary when the
control wheel switches operate trim. Use of these
handles will disconnect the autopilot from any engaged
mode (except DUAL or SINGLE LAND]).

LONGITUDINAL STABILITY AUGMENTATION
YSTEM A

The LSAS enhances longitudinal stability and provides:
Pitch attitude hoid.

Pitch attitude limiting.

Pitch rate dampening.

Automatic pitch trim.

L SAS speed protection.

LSAS stall protection

e @& » o o o

L.3AS is off when autopiiot is engaged or below 100 feet
AGL.

With no force on the control column and bank angie of
less than 30 degrees, the LSAS holds the current pitch
attitude. If the pilot manually changes pitch attitude and
then removes contrg column input, the aircraft will hold
the new pitch attitude.

The LSAS hoids pitch attitude by deflecting the elevators
up io 5 degrees. The stabilizer is automatically adjusted
to relieve sustained elevator deflection and maintain a
full 5 degrees of elevator authority. The LSAS also
maintains pitch attitude to tess than 10 degrees of dive
or less than 30 degrees of climb. Whenever there is
moere than approximately 2 pounds of force on the
control column, LSAS is inoperative. Once the pilot
applies about 4 pounds of control column force, the
elevators respond to the pilot's commands.

Stabilizer position will appear on the system display
(SD) when the configuration page is selected with the
CONFIG cue switch,

LSAS aiso provides speed and stall protection.
Each of the two FCCs contains two redundant LSAS
control channels. Each of the separate LSAS channels

controls one of the four hydraulic actuators at the eleva-
tors. If fewer than four of the LSAS channels are

8-10-7
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LSAS DIAGRAM

N

l_ LSAS
LEFT RIGHT

OuUTBD INBD INED ouTBD

FAIL FAIL FAIL | FAIL |

OFF OFF OFF OFF

STABILIZER
RIGHT

INBCARD
LEFT
LEFT INBOARD ELEVATOR
QUTBOARD ELEVATOR

ELEVATOR

I 31 October 1997
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AFS CONTROL PANEL

FLAP LIMIT SELECTOR and FLAP LIMIT MANUAL LIGHT -
amber

The FLAP UMIT selector is used to manually override the
auto mode of the flap imiter. tn the AUTO position, the flap
limiter will automaticaily retract the flaps if the airspeed
exceeds limits for flap settings between 22 and 50 degrees.

In the OVRD 1 or 2 position, automatic fap limiting is by-
passed.

The FLAP LIMIT MANUAL Eght wili iluminate amber when
both ffap limiter channels fail or when the FLAP LIMIT selector
isinOQVRD 1or2.

The FLAP LiM DISAG alert may be displayed after selecting
CVRD 1 or OVRD 2. If the alert remains displayed afterafter
selecting OVRD 2, flap extension may be limited.

Fed=2. wmb:11 FLIGHT MANUAL
Express

LSAS SWITCHES AND YAW DAMP SWITCHES - amber
When an LSAS or YAW DAMP switch is pushed the re-
spective control channel will shut off and OFF will illuminate
amber.

Pushing an LSAS or YAW DAMP switch when OFF is
illuminated will engage the respective contrel chanret ifitis
not failed.

Failure of an LSAS or yaw damper control channe! will
automatically illuminate the respective FAIL light amber and
shut off the failed controf channel.

FLAP LIMIT

UPR TAW Dn{p

EVEL FEEL

AUTO

-]
muum.
l FalL

OFF

- @

oFF

a

FalL

'-'FT

ouTsD INBD

LWR Yaw [QaHP
a
Fall
/\/— OFF

===/ PULL FOR MANuAL
LSAS —/—— N\ /M
AIGHT

OFF

1.8 ouTsD

FalL Fajl

FalL FaiL

@ OFF oF=

@

gef OFF

d]
Z /.

/
ELEV FEEL SELECTOR/MANUAL LIGHT - amber
The ELEV FEEL selector allows manual siewing of the
clevator joad feet (ELF) when airspeed is between 120 and
300 kneis.

With the selectorin AUTC, the ELF is varied automatically to
comrespond with airspeed.

The MANUAL Hi or LO positions affow siewingofthe ELF to
ahigher or fower airspeed. The airspeed will be displayed on
the configuration page of the SD.

The ELEY FEEL MANUAL light will illuminate amber when
both ELF control channels fail or when the ELEV FEEL
setector is in MANUAL

| 31 October 1997
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Flight Standards &Technical News

GENERAL

Please, let us hear from YOU! To
provide an easy way to receive
your comments, requests for
specific information/articles, you
may send an e-mail to: SIA

If you are missing any pages or
revisions for your publications, e-
mail requests to PUBLICATION
SUPPORT CENTER/CUSTOMER
REQUEST using Bulletin Board
"MANUAL/ORDERS," or call the
PSC at (901) 224-6006.

(Editor's Nota: Performance Engineering has been
asked to contribute a monthly article on items of general
interest. This month's offering describes landing dis-
tances. Comments and suggeslions for future articles
may be e-mailed to SIA.)

Landing Distance and the APLC

The analysis of {anding data can be thought of in two
distinct parts. As with everything we do in this technical
waorld, first we need o plan it, then do it. The same can
be said for landing. First we look at the planning data,
using the Dispatch Landing Module; then we look at the
actual Janding data, which is the Inflight Landing Mod-
ule.

In planning for landing using the Dispatch Landing
Moduie, the landing data is calculated using very spe-
cific guidelines detailed in the Federal Aviation Regula-
tions - the FARs. Forplanningthe Janding, the FAR's teil
us that

s for a given airplane gross weight;

s at a particular altitude and temperature;

s using a touchdown point 10007 from the threshold,
max effort braking, autospeed brakes, and no thrust
raverser,

if the runway is dry, the amount of runway that the

Answers for JUN - (1)C (2)B (3)C (4)C (5)C
June 1998

airplane will need to make the landing can be no more
than 60% of the available landing length.

if the runway is wet, the amount of runway that the
airplane will need can be no more than 52% of the
available runway. Obviously, since nunways cannot be
iengthened {o accommodate any airplane weight, the
airplane weight must be adjusted during the flight pian-
ning stage to insure that the expected landing weightis
allowabie on the destination runway.

The pian is done and ence the airpiane is dispatched,
the plan, as they say, is history. ltinsured we were legal
to start the flight, but has no bearing on the actual
landing that will take place. 3o, the flight takes place
and the airplane is approaching the destination airport.
Due 1o all kinds of various circumstances we could find
that we are close to our anticipated landing weight,
somewhat lighter, or somewhat heavier. Now comes
part two of the fanding, doing it.

The inflight Landing Module in the APLC was created to
provide the crewmembers reaiistic, meaningful data for
the upcoming landing they are aboutto perform. Provid-
ing inputs of temperature, wind {(and gusts, it any),
altimeter, and estimated actual landing gross waight,
the APLC will provide a whole page of usetul informa-
tion.

For each runway listed, a Runway Length is listed also.

The Runway Length is obtained by using the lesser of

three separate runway lengths found in the Jepps.

Those three are: _

1) the length as found on the airport diagram page;

2) the threshold length, listed on the runway data
page.

3} the glide slope length +1000 ft, also listed on the
runway data page.

The +1000 {t added to the glide slope length accounts

for the length of pavement prior to the glide slope

beacon based on coming over the threshotd at 50 ft on

a 3 degree glide slope,

Forexample: ifwe look at Newark (KEWR), runway 04L

we see 8200' on the diagram, threshold distance of

7460 and glideslope distance of 6400° (+1000") =7400'

on the data page. The iesser of these three is 7400’

This is the number listed in the APLC.



The Approximate Landing Distance values are calcu-
“~ted using actual stopping distance pius 1500". The
500" accounts for runway surace tetween the 50
height at threshold and the touchdown point pius some
conservatism. The MIN, MED, and MAX BRKG values
are based upon 2 fixed deceleration rate according to
the Brake Switch setting - MIN, MED, or MAX. Fixed
deceleration means that if you feed in more thrust
reverser, the braking system wili back off a bit on brake
pedal force; less reverser - more brake pedal force.

For example, a 130,000 b 727 using MED braking at
EWR may see that it needs a runway length of 4590".
This means that it needs 3080 1o stop after it touches
down 1500' from the threshoid.

So, as we see from above, the data presented from the
Dispatch Landing and the Inflight Landing modules are
completely separate. One being used for planning
purposes, the other being used by the pilot for actual
landing.

MEL Tips & Suggestions

Alarge amount of effort is expended within ACD review-
ing and arbitrating delays associated with the MEL,

¥ten, many delays could be minimized or even avoided,
- i all parties invoived would read the ENTIRE MEL entry.
From the crew perspective, this would mean reading not
only the (Q) procedure statements, but aisc the Re-
marks or Exceptions, and the {M} procedures. Practic-
ingthis approach will hetp to capture the entire picture....
understanding the nature of the failure, and how the
MEL ensures continued airworthiness. Per MMEL defi-
nitions, a (M) procedure is normally accomplished by
Maintenance, and an {O) procedure is normally accom-
plished by the Fiight crew; however, either party maybe
quaiified and authorized to perform certain functions.
Thus, by reading all {O) and (M) procedures one can
then ensure all necessary actions are accomgplished in
a timeiy and safe manner.

The following is a review of the basic philosophy asso-
ciated with the MEL, and is intended to aid your under-
standing of how to apply the MEL:

1. Components of an MEL item (Read them all)
» Descriplion — Note if the description is refer-
ringto a specific item, an entire systemora sub-
function of a component or system.

 Category

. Mini : ired for Flig!
+ Bemarks or Exceptions — Cannot overstate
the importance of reading and comprehending

this section. it is equally applicable as the (O)
procedures section. Every personwho usesthe
MEL must read this in its ENTIRETY because it

states specific guidelines and restrictions that
must be comptied with when deferring an item.
These guideiines may specifically be directed
to GOC. MOCC, Maintenance, the Crew or
ALl parties, and may not be repeated in an {O)
or (M)} procedure.

2. intesreiationships of Multiple Inoperative
MEL items/Systems
* When operating with multiple inoperative items,
the interrelationship between those items and
the affect on aircraft operation and crew work-
load should be considered.
Review of an MEL ltem
in its entirety ensures compliance of applicabil-
ity and continued airworthiness,

Remember, Two Sets of Eyes are Better than Onei

3. FLAGITEMS

s This symbol is often misapplied or misinter-
preted. A fiag on an MEL item generally points
to a (M) Placard indicating required mainte-
nance and is applied ONLY to that specific itoem
of relief. Consider that a MEL itern may have
more than one set of conditions for relief of a
deterral. One set of relief/conditions may have
a FLAG and the other may NOT. Do not
automatically assurme that since a set of condi-
tions for relief has a flag that each subsequent
set of relief would be flagged as well, A FLAG
will be applied to each specific set of relief that
directs Maintenance to be performed that can
not be safety accompiished by crew or delayed
until arrival at next station.

JUNE QUESTIONS

1. Windshear is defined as a rapid change in wind
direction resuiting in an airspeed change of more than
knots.

A, 2

B. 8

C. 10

D. 12

2. Each crew member is required to maintain a

current flight log book to document flight time qualifica-
tions:

A. Tre
B. False

June 1988
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Flight Standards

Tail Strike Avoidance

Foliowing is a reprint of an articie Boeing printed in their
publication AERO Magazine. The writer of the anticle
was Pete Benardin, Chief Pilot Boeing. You may access
the full article with figures on the Boeing home page,
www.boeing.com. The article is a generic one that
covers ail Boeing aircraft types, but the issues raised do
apply directly to the MD-11 in most cases.

Taii strike, which occurs when an aimiane tail contacts

the runway during takeofi or landing, is an eventthatcan
be encountered by virtually all transport airplane de-
signs. Some models in the Boeing commercial airpiane
flset experience tail strike more often than others and,
almost without excepticn, the cause is elusive to the
flight crew. In order to better understand this occur-
rence, Douglas Products Division (DPD) examined a
number of recent tail strike events.

In an effort to help operators avoid tait strike and the
resulting damage, DPD conducted an evaluation of the
circumstances surrounding this event, including weather,
wind, weight, speed, and contro! input. DPD aiso con-

Movember 19498

ducted flight crew interviews and reviewed flight re-
corder data during its examination of recent tail strike
events.

The results provided the following conclusions:

* The freguency of tail strike is higher for some
modeis on takeoff, and for other modetls on landing
{Editor's note: The MD-11 has experienced both.).
The overall incident rate varies from one model to
another as well as over time. For example, one
model experienced a hugh incident rate upon entry
into service, followed by a reduced rate and then an
increased rate about six years after initial entry into
service......

s Though tail strike occurs in both daylight and dark-
ness, and in both good and bad weather, the
amount of flight crew experience with the model of
airplane flown is a more significant tactor. While tail
strike may occur 10 pilots with abundant flight time
inamodel, most occurto pilots who are transitioning
from one airplane model o another and have fewer
than 100 hours of flight time in the new modei.
Incidents are greatest among pilots during their first
heavy-weight operations in the new model, espe-
cially when the weather is rmarginal.

The DPD examination revealed eight risk factors, one
or more of which precede a tail strike: mistrimmed
stabilizer, unstabilized approach; holding off in the fiare;
mishandling of crosswinds; and over-rotation during
go-around. Additional tactors may exist that were not
revealed by the DPD examination, but each of the eight
was shown to play a significant role in tail strike. Most
importantly, the examination showed that each is under
the direct control of the flight crew, and therefore can be
avoided with proper understanding and training. The
risk factors were found to occur in two categories:

1.Takeolf risk factors.
2.Landing risk factors.

Takeoif Risk Factors

Any one of these four takeoff risk factors may precede
a tail strike:

11
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Mistrimmed stabilizer.

Rotation at improper speed.
Excessive rotation rate.

Improper use of the flight director.

MISTRIMMED STABILIZER

A mistrimmed stabilizer oceurring during takeoff is not
common but is an expetrience shared at least once by
almost every flight crew. it usually resuits from using
erroneous data, the wrong weights, or an incorrect
center of gravity (CG). Sometimes the information
presented to the flight crew is accurate, but is entered
incorrectly either to the flight management system
(FMS) or to the stabilizer itself. in any case, the stabi-
lizer is set in the wrong position. The fiight crew can
become aware of the error and correct the condition by
challenging the reasonableness of the icad sheet num-
bers. A flight crew that has made a few takeoffs in a
given weight range knows roughly where the CG usu-
ally resides and approximately where the trim shouid
be set. Boeing suggests testing the load sheet num-
bars against past experience to be sure that the num-
bers are reasonable.

A stabilizer mistrimmed nosedown can present several
problems, but tail strike usuaily is not one of them.
Yowever, a stabilizer mistrimmed noseup can place
£ tail at rigk. This is because the yoke requires less
~ puil force to initiate airplane rotation during takeoit, and
the pilot flying (PF) may be surprised at how rapidly the
nose comes up. With the Boeing-recommended rota-
tion rate (of 2.5) degrees per second {dps), ... and a
normat liftoff attitude, liftoff usually occurs about four
saconds after the nose starts to rise. ... However, with
the stabilizer mistrimmed noseup, the airpiane can
rotate 5 dps or more. With the nose rising very rapidly,
the airplane does not have enough time to change its
flight path before exceeding the critical attitude. Tail
strike can then occur within two or three seconds of the
time rotation is initiated.

Ifthe stabilizer is substantially mistrimmed noseup, the
airpiane may even try to iy from the runway without
control input from the PF. Before reaching Vr and
possibly as early as approaching V1, the nose begins
to ride light on the runway. Two or three light bounces
may cccur before the nose suddenly goes into the air.
Afaster-than-normat rotation usuatly follows and, when
the airplane passes through the normal liftofi attitude,
it lacks sufficient speed to fiy and so stays on the
runway. Unless the PF actively intercedes, the nose
keeps coming up until the tail strike occurs, either
"mediately before or after liftoff.

ROTATION AT IMPROPER SPEED
This situation can result in a tail strike and is usually
caused by one of two reasons: rotation is begun early
because of some unusual situation, or the airplane is

12

rotated at a Vr that has been computed incorrectly and is
too low for the weight and flap seting. ...

An errorin Vr speed recently resulted in a trijet tail strike.
The lcad sheet numbers were accurate, but somehow
the takeofi weight was entered into the FMS 100,000 b
lower than it should have been. The resulting Vr was 12
knots indicated air speed {kias) slow. When the airplane
passed through a nominal 8-degq liftoff attitude, a lack ot
sufficient speed prevented takect. Rotation was aliowed
to continue, with takeoff and taii strike occusring at about
11degrees. Verilication that the Icad sheet numbers
were correctly entered may have prevented this incident.

EXCESSIVE ROTATION RATE

Flight crews operating an airplane model that is new o
them, ... are most vuinerable 10 using excessive rotation
rate. The amount of control input required to achieve the
proper rotation rate varies from one mode! to another.
When transitioning to a new modet, flight crews may not
consciously realize that it will not respond to pitch input
in exacily the same way.

As simulators reproduce airplane responses with re-
markabie fidelity, simulator training can heip flight crews
learnthe appropriate response. A concentrated petiod of
takeoff practice allows students to develop a sure sense
of how the new airplane feels and responds to pitch
inputs. On some models, this is particularly important
when the CG is loaded toward its aft limits, because an
airplane in this condition is more sensitive in pitch,
especially during takeoff. A normail amount of noseup
elevator in aft CG condition is likely to cause the nose to
iift off the runway meore rapidly and put the tail at risk.

IMPROPER USE OF THE FLIGHT DIRECTOR

..., the flight director {FD}) is designed 1o provide accurate
pitch guidance only after the airpiane is airborne, nomi-
nally passing through 35 ft (10.7 m). With the proper
rotation rate, the airplane reaches 35 It with the desired
pitch attitude of about 15 deg and a speed of V2 + 10...
However, an aggressive rotation into the pitch bar at
takeoft is not appropriate and may rotate the tail onto the
ground.

Landing Risk Factors
Any one of these four landing risk factors may precede
a tail strike:

e Unstabilized approach.

» Holding oft in the flare.

» Mishandling of crosswinds.

» Qver-rotation during go-around.

A tail strike on landing tends to cause more serious
damage than the same event during takeoif and is more
expensive and time consuming o repair. In the worst
case, the tail can strike the runway before the landing
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gear touches down, thus absorbing large amounts of
energy for which it is not designed. The aft pressure
puikhead is often damaged as a result.

UNSTABILIZED APPROACH

An unstabilized approach ... appears in one form or
another in virtually every landing tail strike event. When
an airplane turns on to final approach with excessive
airspeed, excessive altitude, or both, the situation may
not be under the control of the flight crew. The most
comimon cause of this scenario is the sequencing of
traffic in the terminal area as determined by air traffic
control,

Digital flight recorder data show that flight crews who
continue through an unstabilized condition below 500 ft
will likely never get the approach stabilized. When the
airptane arrives in the flare, it invariably has either
excessive orinsufficient airspeed, and quite oftenis also
long on the runway. The resull is a tendency toward
large power and pitch cotrections in the flare, often
cuiminating in a vigorous noseup pull at touchdown and
tail strike shortly thereafter. If the nose is coming up
rapidly when touchdown occurs and the ground spoilers
deploy, the spoilersthemselves add an additionai noseup
pitching force, Also, if the airplane is slow, pulling up the
nose in the flare does not materially reduce the sink rate
andintact mayincrease it. A firm touchdown on the main
gear is often preferable to a soft touchdown with the
nose rising rapidly.

HOLDING OFF IN THE FLARE

The second most common cause of a tanding tail strike
is a long flare to a drop-in touchdown, a condition often
precipitated by a desire to achieve an extremely smooth
landing. A very softtouchdown is not essential, nor even
desirad, particutany if the runway is wet.

Trimming the stabilizer in the flare may contribute to a
tail strike. The PF may easily lose the feel of the elevator
while the trim is running; too much trim can raise the
nose, even when this reaction is not desired. The pitchup
can cause a balloon, followed either by dropping in or
pitching over and landing fiat. Fiight crews should trim
the airpiane in the approach, but not in the tiare itself,
and avoid "squeakers,” as they waste runway and may
predispose the airplane to a tail strike.

MISHANDLING OF CROSSWINDS

A crosswind approach and landing contains many ele-
ments that may increase the risk of tafl strike, paniculatly
in the presence of gusty conditions. Wind directions
near 90 deg to the runway heading are often strong at
pattern altitude, and with little headwind component, the
airplane flies the final approach with a rapid rate of
closure on the runway. To stay on the glidepath at that
high groundspeed, descent rates of 700to 800 #1{214 10
274 m) per minute may be required. Engine power is
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likely to be well back, approaching idle in some cases,
to avoid accelerating the airplane, N the airplane is
placea in a forward slip attitude to compensate for wind
effects, this cross-control maneuver reduces ift. in-
creases drag, and may increase the rate of descent. If
the airptane then descends intoc a turbulent surface
iayer. particutarly if the wind is shifting toward the tail,
the stage is set for tail strike.

The combined effects of high closure rate, shifting
winds with the potential for a guartering tail wind, the
sudden drop in wind velocity commonly found below
100 1t (31 m), and turbutence can make the timing of the
flare very difficult. The PF can best handle the situation
by exercising active controi of the sink rate and making
sure that additional thrust is available if needed. Flight
crews should cleariy understand the criteria forinitiating
a go-around and pian to use this time-honored avoid-
ance maneuver when needed.

OVER-ROTATION DURING GQ-ARCUND
Go-arounds initiated very late in the approach, such as
during fiare or after a bounce, are a common cause of
tail strike. When the go-around mode is initiated, the FD
immediately commands a go-around pitch attitude. if
the PF abruptly rotates into the command bars, tail
strike can occur before a change to the flight path is
pessible. Both pitch attitude and thrust are required for
go-around, so if the engines are just spooling up when
the PF vigorously pulls the nose up, the thrust may not
yet be adequate 1C support the eftort. The nose comes
up, and the tail goes down. A contributing factor may be
a strong desire of the flight erew to avoid whee! contact
after initiating a late go-around, when the airplane is still
over the junway. in general, the concern is not war-
ranted because a brief contact with the tires during a
late go-around does not produce adverse consequences,
Airirame manufacturers have executed literally hun-
dreds of tate go-arounds during autoland certification
programs with dozens of runway contacts, and no
problem has ever resulted. The airplane simply flies
away from the touchdown.

Summary

An examination of recent tail strike events, which in-
ciuded consideration of weather conditions, tlight re-
corder information, and interviews with flight crews,
showed that eight factors contribute to tail strike, A
significant factor that appears to be common is the lack
of flight crew experience with the model being flown.
The examination concluded that flight crews can take a
variety of steps to prevent tail strike, including chaileng-
ing the reascnableness and accuracy of takeoff num-
bers, being very aware of pitch attitude when flying on
or just above the runway, and obtaining flight simutator
training to become more familiar with how various
airplane models respond t¢ pitch inputs.
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down input sufficient to disconnect the autopilt. The
aircraft noss down input was quickly cosrected, and the
afrplane retumeds 10 stabilized flight. The inkial plich
down generated a negative “G” condition which resulted
in injury 10 some unresirained passengers. One fight
attendant wotking in the aft galley was aiso seriously
nisred during the pitch mansuver.

Obviously, this didn't happen on one of our aircraft, but
it couki. This is one ol those occumrences that just sont
of snegiced up on the crew. One crewmember made 2
change without informing the other peraon what he was
doing. Just be aware of what's going on and dont be
afraid fo communicats. :

S8ULLETIN MD-11-94-03

Be on the lookaut for Bultetin MD-11-84-03. This will be
ontha straet withinthe naxt lew weeks. This bulletin wili
replace the emergency bullstin MO-11-94-02. Both of
these bulletins maks the same statemernts but bacause
the tirst one hadto be completed by & certain date we did
not have tme 10 review soimne of the other builatins that
we wanted io remove from the AFM.

Anyway, this bulletin was issued because of an AD
issued by the FAA. Once again, it deats with calcula-
tions of erroneous V speads by the FMC. One notice-
sbie difference from this bullatin compared with MD-11-
94-01 was the use of FLEX emperatures and anti-ce,
Ancther differaence is that this AD does not aliow for any
ditfgrence batween FMC computed spesds and APLC
compusted spaeds. If any diference exista, the APLC
spood mus! be used.

HYDRAULIC TEST FANLURES

Wihin the past few weeks, thare have been severat
reponts of Hydraulic test fallures occurting. This is the
test that acours during engine stan.

1t spoms that some crowmembers have been trimming
the abcraft during the engine start. This has been
placing a lbad on the hydraulic systam and causing the
tost failure. We should be walting untl) the start se-
quence has been completed and all tests are complate
before setting tha trim.

HARD LANDINGS

By now most peopie are aware that a very hard landing
was made by an MD-1{ operator causing extensive
damage to the airplane.

it seams that a not 80 uhusuai set of gircumstances
caused this accident 1o happen. The crew was hand
flying the aircrait with the aulothiottles disconnecied.
Ontouch down, the spoiiers did not deploy. They didn't
daploy because the throtties were not at idls. The
throtiles had not been reduced aill the way and were left
in a position just beyond the spoller extend point.

In anticipation of piich up at touch down, the crew
applhod forward pressure and forced the nose down
cather firmly. This was exacerbated by the tact that the
spoiters did not sxtend. The akcraft bounced and
caused the crew 1o make more than one control whee!
movement causing soime oscillations to cocur.

We can ali think of times that wa have disconnacted the
autothrotties and been In what could have been a very
simiiar siuation. We must remember that anything
done out of the ordinary requires a iot ot thought and
planning. Hopefully, we can leam from all of these
situations and keep a safe operation,
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MD-11 TAIL STRIKE AWARENESS INFORMATION

INTRODUCTION

FedEx flight standards apd flight trainiug have deveioped ap MD-11 tail strike
awareness training program. The primary objective of this program is to improve
awareness of the pilot controlled factors that affect piichipg tendency after
touchdown and to reinforce proper sink raie and bounce recovery technique. The
program censists of 4 30 minute briefing followed by 1 hour of simulator training.
Tail strike awarcness training has been incorperated into recurrent, initial, and
transition training. All FedEx pilots currently qualified on the MD-11 will receive the
fraining during their next recurrent event, i.e. warm up, pt, or loft.

The purpose of this document is to provide FcdEx MD-11 pilots immediate access to
the information guthered during the development of the t2il strike awarcaoess
training program._

The airline industry has logged approximatcly 350,000 MD-11 landings to date.
MD-11 tail strike incidents/accidents have occurred at a fairly constant rate

(tail strikes/total landings). Approxtmasately 25% of the industries MD-11 tail strikes
occurred on takeoff and 75% on Ianding.

TAKEOFF

The recormmoended rotation technique is 2 3 degree per second rotation to an initial
pitch attitude of approximately 15 degrees. The pilot flying {PF) shouid then
transition to the flight director pitch bar for guidance. The flight director pitch bar is
not usable until approximately five seconds after nose gear strut extension. A two
step rotation is not appropriste. Two step or segmented rotations will significantly
impact takeoff performance, Le. reguired runway, second segment climb gradients,
and obstacle clearance. It is, however, the PF’s responsibility to ensure that the
sircraft is acceferating properily and has become airborne passing 16 degrees of pitch
attitude. If the aircraft has not become airborne, possibly due to an inaccurate flap
setting, stab setting, gross weight entry, or contaminated wing, the rotation shouid be

stopped.

Some tail strikes on takeoff have occurred as a result of early or quick rotations. One
tail strike occurred as a result of the pilot initiating a rotation at V1 vs. VR. Another
tail strike occurred as s result of an inaccurate gross weight entry into the FMS

which resulted in ipaccurate V speeds.
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LANDING

e Some of the factors that affect pitching tendency after touchdown are:

Flap setting Strut servicing Sink rate

Center of gravity  Ground speilers Pitch Attitude

Gross weight Autobrakes Pitch Attitude rate
Airspeed

e Landing tail strikes have occurred with the following:

Flaps 35 end flaps 50

Forward and aft center of gravity

Light and heavy gross weight

Over serviced and correctly scrviced struts

One consistent factor in every landing tail strike to date n an exce

descent rate with an increasing pitch attitude rate prior to the mitial togchdown.
Siuk rates, pitch artitude, pitch attitude rate, and airspecd are pilot controlied
factors that affect pitching tendency after touchdown and arc the focus of the tail
strike awarcness training program.

e The following pilot actions may result in bigh sink rates prior te touchdown:

Unstable approach
Late or abrupt align maneuver
Early flarc

e Stabilized approach
The aircraft should be fully configured, on speed (including sppropriate wind
and gust corrections applied te Vref) and on flipht path by 1608 feet AGL. If
the aircraft is not stabilized by 500 fect or if a zink rate of more than 1000
FPM develops, & missed approach should be executed.

Several tail strikes have occurred oa visual approaches without the use of an
clectronic glideslope. Increased crew awarencss and crew coordination
during these types of approaches is critical.

FedEx Air Operations Division Sune 1996 Page 2



MD-11 FLIGAT INSTRUCTOR GUIDE

TAIL STRIKF AWARENESS TRAINING
INSTRUCTOR NOTES

BRIEFING 30 MINUTES
TRAINING DEVICE 1| HOUR
DEBRIEF 30 MINUTES

OBJECTIVE

The primary objective of tail strike awareness training is to improve awsreness of
the pilot controlled factors that affect pitching tendency after touchdown and to
reinforce proper sink rate and bounce recovery techmique.

This training may be accomplished as part of recurrent, initial, or transition
training.

REQUIRED S1GN OFF

Note completion by a remark “Tail Strike Awareness Training Accomplished” in the
remarks section of the 007 or 007A.

FedEx Air Operations Division June 1996 Tail Strike Awareness Training 3
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HicH SINK RATE AND BOUNCE RECOVERY TECHNIQUE

The recommended high sink rate and bounce recovery techaique is to establish a

7 172 degree pitch attitude and arrest the gink rate with thrust. If 2 high bouance
occurs, a go-around should be initizted. Low level po-arounds, i.e. less than 20 feet
RA, are dramaticaily different than higher altitude go-arounds. RHigh altitnde go-
srounds are initiated with pitch, while low jevel go-arpunds mgust be initjated with
thrust. During low level go-arounds main wheel touchdown may be unavoidable. The
PF must not cxceed 10 degrees of pitch or retract the landing gear until passing

20 feet RA with 2 positive rate of elimb.

Some tail strikes have occurred as a result of the pilot attempring to arrest a high
sink rate or bounce by quickly adding up elevator. This technique immediately
increases hoth the effective weight of the aircraft and the aircraft’s vertical velocity.
The resylting increased attit rate wil ravate the pite tendencv after
touchdown and drive the main wheels into the ground, thus compressing the main
wheel struis. The aft fuselage will contact the runway at approximately 10 degrees
pitch nttitude with the struts compressecd.

It is imperative that pilots fully understand the correlation between an increasing
attitude rate at touchdown and =n increased pitch up tendency after touchdown,

Oue degree per second of igcreasing attitude rate at tonchdown generates 35 much
piteh up tendency as full spoiler deployment. Elevator back pressure should be

relaxcd, and a constant pitch sttitude should be maintained from 10 feet radio
altitude to touchdown,

PHCNETA ———

Captain Warren Travis
M er MD-11 Flight Standards Manager MD-11 Flight Training

FedEx Afr Operarions Division Junc 1996 Page 4



MD-11 FLIGHT INSTRUCTOR GUIDE

TAIL STRIKE AWARENESS
BRIEFING

INTRODUCTION

¢ MD-11 tail strike incidents/accidents have occurred at 2 fairly constant rate
(tail strikes/total landings).

e 25% of MD-11 tail strikes to date have occurred on takeoff and 75% on landing.

TAKEOFF

The recommended rotation technique is a 3 degree per second rotation to an initial
pitch attitude of approximately 15 degrees. The PF should then transition to the
flight director pitch bar for guidance. The flight director pitch bar is not usable until
approximately five seconds after nose gear strut extension. A two step rotation is not
appropriate. Two step or segmented rotations will significantly impact takeofl
performance i.e. required runway, second segment climb gradients, and obstacle
clearance, It is, however, the PF’s respoasibility to ensure that the aircraft is
accelerating properly and has become airborne passing 10 degrees of pitch attitude.
If the aircraft has not become airborne, possibly due to an inaccurate flap setting,
stab setting, gross weight entry, or contaminated wing, the rotation should be

stopped.

Some tail strikes on takeoff have occurred as a result of early or quick rotations. One
tail strike occurred as » resuit of the pilot initiating = rotation at V1 vs. VR. Another
tail strike occurred as a result of an inaccurate gross weight entry into the FMS
which resulted in inaccurate V speeds.
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MD-11 FLIGHT INSTRUCTOR GUIDE

o Late or sbrupt forward slip maneuver
The recommended method for 2 crosswind landing is to fly the final approach
in a wing’s level attitude with = crab into the wind. At approximately 200 feet
AGL, align the fuselage with the ranway by smoothly applying rudder
pressure and lower the upwind wing to prevent drifting off runway
centeriine. In high crosswinds, consideration shounld be given to commencing
the forward slip maneuver prior to 260 feet, and in all cases, the forward slip
should be fully established by 100 feet AGL.

Some tail strikes have occurred as a result of the pilot initinting 2 Iate or
abrupt align maneuver. The align maneuver, commonly referred to as a
forward slip, will reduce lift and if unchecked, will result in an increased sink
rate. This will be demonstrated in the simulator.

+ Early flare
The recommended flare technique is to maintain a stabilized flight path

through the 50 and 40 foot CAWS callout (unless sink rate is high). At 30 feet
a smooth 2.5 degree flare should be initiated so as to arrive below 10 feet in
the landing attitude. Back pressure should then be relaxed until touchdown.

Some tail strikes have occurred as a result of the pilot initiating an early flare
and “feeling for the runway.” It is critica} that pilots understand the dynamics
involved in this situation. The autothrotties switch to the retard mode at 50
feet radio aititude. In the retard mode, the throttles are retarded to idle at a
pre-programmed rate without airspeed, vertical speed, or radio altitude bias.
The pilot flying or the autopilot, if selected, must maintain the appropriate
glide path to touchdown. If the sircraft is flared early, the airspeed will decay,
elevator effectiveness will be reduced, and a higher pitch attitude will be
required making the pitch up tendency after touchdown more pronounced
and more difficult to counteract. This will be demonstrated in the simulator.
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MD-11 FLIGHT INSTRUCTOR GUIDE
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MD-11 FLIGHT INSTRUCTOR GUIDE

TAIL STRIKE AWARENESS TRAINING
TRAINING DEVICE

s Instructor note. .
In order to make maximum utilization of simulator time, tail strike awareness

simulator periods have no preflight/cockpit setup. The instructor will have the
simulator fully configured for takeoff prior to the students arrival, i.e. on the active
runway, all engines started, fms loaded (KMEM to KDFW) and the before takeoff
checklist complete to the line.

Tail strike awareness simulator training is comprised of three individual scenarios.
Each scenario is designed to demonstrate a specific pilot controlled factor that
affects pitching tendency after touchdown.

BEFORE TAKEOQFF
¢ Review before takeoff checklist below the line.

o Save flight pian if able,

TAKEOFF

e Review normal takeoff procedures.

¢ Reinforce proper rotation technique.
The recommended rotation technique is a 3 degree per second rotation to an initial
pitch attitude of approximately 15 degrees. The PF should then transition 1o the
flight director pitch bar for guidance. The flight director pitch bar is not usable
until approximately five seconds after nose gear strut extension. A two step
rotation is not appropriate. Two step or segmented rotations will significantiy
impact takeoff performance i.¢. required runway, second segment climb gradients,
and obstacle clearance. It is, however, the PF’s responsibility to ensure that the
aircraft is accelerating properly and has become airborne passing 10 degrees of
pitch attitude. If the aircraft has not become airborne, possibly due to an inaccurate
flap setting, stab setting, gross weight entry, or contaminated wing, the rotation
should be stopped.

AFTER TAKEOFF
e Review normal after takeoff procedures.

APPROACH AND LANDING

e Vector the sircraft for an ILS to 36L.
Multiple resets to the 6 NM final to runway 36L will be used as a time
management tool. To eliminate the need for time consuming FMS programming,
the runway 36L ILS (IOHN/358) should be hard tuned, and both NDs should

display raw data.
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MD-11 FLIGHT INSTRUCTOR GUIDE

EARLY FLARE SCENARIO

o Instructor note.
The primary objective of this scenario is to demonstrate the dynamics of an early
fiare. The autothrottles switch to the retard mode at 50 feet radio altitude. In the
retard mode, the throtties are retarded to idle at a pre-programmed rate without
airspeed, vertical speed, or radio altitude bias. The pilot flying or the autopiiot, if
selected, must maintain the appropriate glide path to touchdown. If the aircraft is
flared early, the airspeed will decay, elevator effectiveness will be reduced, and 2
higher pitch attitude will be required making the pitch up tendency after
touchdown more pronounced and more difficuit to counteract. Ideally this
demonstration will increase the pilots understanding of the correlation between a
high pitch attitude at touchdown and an increased pitch up tendency after
touchdown. Additionally, ATS retard logic will be stressed to encourage
overriding the autothrottles when needed.

The setup for this demonstration is as follows:

Position 6 NM final
Init runway 36L
Visual Day
Ceiling Clear
Visibility 48NM
Wind Caim

AP and ATS Engaged

The AP and ATS should be engaged and the FGS programed to fly the ILS. At
1000 feet AGL the AP should be disconnected. The PF shouid take their hands off
the throttles for the remainder of this demonstration. The PF should be directed to
make a normal descent until 40 feet RA, where an early flare should be
commenced. The PNF should be directed to call out RA and pitch attitude. The PF
should make every effort to remain at or above 20 feet RA umtil the PNF calis 10
degrees of pitch attitude. The PF should then allow a sink rate to develop. At
touchdown the instructor will move the spoiler handie to the GROUND SPOILER
position. The pitch up tendency will be pronounced and difficult to counteract.

Reposition the simulator to the 6 NM point.

The second part of this demonstration is set up identical to the first except this time
the PF should make a normai descent with only a slight flare prior to touchdown.
The landing attitude shouid be less than 5 degrees resulting in little or no pitch up
tendency after touchdown.

Repeat this demonstration with the other pilot flying.
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MD-11 STUDENT GUIDE

TRAININGOBJECTIVES

AST 6

REVIEW

PRE-BRIEF
As required to adequately address the training events to be cov-

ered during the period,

DISCUSSION

s PAR

* Singie FMC Operations

* Tail Strike Awarness during Takeoff
It #2 engine fails, a conscious efiort is requirec to prevent over
rotation. Two engine rotation is 3 - 4° less than normal rotation (16°
is initial climby attitude to maintain V2). A failure of #2 engine will
resudt in a pitch-up, an increased probability of taill stnke, and an
airspeed decaying below V2. Fly pitch attitude do not chase the
command bar.

e Dua! Hydraulic Failure
» Autoflight tmpact
* Configuration

» Power Plant Failure Second Segment

¢ Fuel Dump

* Two Engine Go-Around

* Two Engine INOP Approach and Landing

¢ Air System in Manual

PROCEDURES AND MANEUVERS

Normal and Abnormal Engine Starts

Normal Takeoff (Night)

Crosswind

Anti-ice

V1 Cut

Tail Strike Awarness {#2 Engine Failure on Takeoff)
Engine Failure @ 100' AGL {Second Segment)
Area Departure - (Memphis Four)

FMS Procedures- Singie FMC Operations

Hdg to intercept - RAD/CRS/AIRWAY

Area Descent and Astival - {(Gilmore Arrival)
Instrument Approaches

PAR

ILS Hand Flown to 100" AGL

Missed Approaches

(andings

No Autoland

One and two Engines INOP

T T
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MD-11 STUDENT GUIDE

TRAINING OBJECTIVES

AST 3

REVIEW

PRE-BRIEF
As required to adequately address the training events to be
covered during the period.

TRAINING OBJECTIVE

Build pilot confidence in the basic capabilities of the MD-11
through hand flying exercises {no autoflight) and the use of
only basic instrumentation {no FMS).

DISCUSSION
» Basic instrument Procedures

» Non Precision Approaches

* Procedure Tumns

* VDP Computation

» Flap/Slat Schedule and Apprcach Configuration
* Pitch Attitude References
» Autopilot Disconnect / High Altitude Handling

Characteristics
* Stalls

» Ciean Configuration

* Takeoff Contiguration

s Landing Configuration
+ Tail Strike Awareness in the Takeoft/Landing phase - Dis-
cuss techniques to be avoided to preven! tailstrkes

* A pitch angle >12° on the PFD may cause a tail strike

* Nominal pitch angle at touchdown (1.25Vs) with zero rate
of descent and idie thrust will be at about 10°

* A normal approach with fiaps at 35° yields a &° pitch
reference on the PFD - with Haps 50° the pitch is 5°

* At 1.3Vs the pitch angie will increase approximately 1°,

* Tailstrikes can also occur in approaches with high rates of
descent on shorn final with an early flare, increasing pitch atti-
tudes, and fioating in an attempt at 2 smooth touchdown.

* High descent rates on final with late, abrupt fiares can

cause tailstrikes due to high rotational inertia torces

* The nose-up pitching {orces generated by automatic ground
spoiier deployment at main gear spin-up can ailso contribute to
tail strikes :

» Nose-up pitching forces are magnitied if the automatic
spoiter deflection feature maltunctions and goes to full deftec-
tion on main gear spin-up rather than delaying until the nose gear
is on the ground. The nose-up pitching moment generated in
this scenano will be exaggerated and must be aggressively coun-
tered if a tail strike is to be avoided,

* Steep Turns

Federal Express Flight Traiming AST3-1 APRIL 1996



MD-11 STUDENT GUIDE

TRAININGOBJECTIVES

AST S

REVIEW

PRE-BRIEF
As required to adequately address the training events to De cov-

ered during the period.

OBJECTIVE:
Practice key maneuvers and procedures critical {0 safe operation
of the aircraft. At the end of this period the student should have
satisfactory commanded of the maneuvers and procedures iden-
tified below and be ready for the Progress Check.

DISCUSSION
* Abnormal traffic pattern operations caused by single or
muitiple engine failures
* Two engine inop approach and landing.
* Landings with forward or aft CGs.

An aircratt with forward CG is more stabie than an aircraft with aft
CG! With forward CG {a common revenue condiguration) column
travei required for flare will be greater than nommnal, and if the nec-
essary travel is not applied, a harder than anticipated landing may
resuit. Note: elevator force remains essentially unchanged be-
cause the elevator load feel system is designed to compensate for
the CG intiuence on eievator control torces.

PROCEDURES AND MANEUVERS

Flight Deck Preparation and Fiows

Normal Checklist and Procedures

Normal Engine Start and Taxi

Takeoff - Night {No Autotlight)

Vi Cut :

Area Departure

Steep Turns

Takeoff Configuration Stall

Area Descent and Arrival

ILS Approach - One Engine inoperative to 100 * DH
Missed Approach - One Engine inoperative
Landings at CG limits

PAR Approach

Two Engine INOP Approach and Landing

Normai After Landing / Shutdown / Termination
Load Panang arcing approach (explain the MCDU line entry
for the arc maneuver)

ARRRRRRRRNARENY

" FEDEX AIROPERATIONS DIVISION AST9 - 1 APRILT95%
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FORM APPROVED FOR USE THROUGH 11/30/90 BY OME NO. 3147-0001.

Nnm‘tC'rth’quuStnl Zipcodc
Memphz.sTN 38194

NATIONAL
. PILOT/OPERA
This Form To Be Us

b(Aocndmt
Jan. 03, 1994

NSPORT ATION SAFETY BOARD

AIRCRAFT . TNCIDENTREPORT
ed For Reporting Civit Aircraft Accidents

' nvolwng Commqrclal and General Av:nt:on Alrcrait
- p (I-g-'ir}}“d

5 ,q—
J.lL.. ,\

S gy
I.ml Time

(2§§ggR CLoCK)

o FROT MSL

332 FesmtMsL

Elw ltmn At Aee:dtnt Site

[ If Tha Accident Occurred On &pproach Takeoff Or Within 3 Miles Of An Airport, Complete The Following information

Prmtu'mty To Almorl
1.3 on Anrpon\
2.3 Within 1/4Mita

3.1:1 Within /2 Mile
4. [ Within 3/4 Mile

5.5 Within1 Mile
6.[J Within2Miles

7.0 thhinSMl'l'es
8.[] Bevond 3 Miles

Airport Name Airpont ldent Ru nwavlurédsurég Surface And Conditions:
. . 1. Direction: 3. Width: 1501
N Memphis; Intl, KMEM 2.Length84Q0 4 Burfsceiaoncreta 5 .Condition: gaod/dry
Phase Of Opniﬁon _
1.3 Sundmg 3.0 'I'akdoff 5.[] Cruige 1.0] Approach 2.3 Hover/Manoeuver
2.7 Taxi : 6.0 Dcscant 10. |'_‘|AlmudoOfln-thhtOccurunos .
oA aiong R LR e o A R0 o = L SESE
Registration Mark Aiurmuanuluctuur AirmnTm!Modnl Cert Max Gross WT
N611FE | MCDonnell Douglas MDLL/F 625,000
Type Of Aircraft . : Type Of Airworthiness Certificate Amateus Bullt
13% Airplane ! 5.|_—_|; Blimp/Dirigibla 1.{J Narmat 50 Restncted 1.CJ Yes
2.0 Helicopter - 8.3 Ulratight 2.[J Unility 6.0 Limited :
1 3.0 Gtider . i 7.00;: Gyroplana l 3. Acrobatic 2.0 Experimental 2.§1 No
4.3 Balloon a Spaclfy 403 Transpon 8. Specify
Landing Gest o No. Ot Sexts
* O Tricycle—Fixed 4. Tailwhesl—Ratrsctable 7.3 Skid FlighvCabin
[} Tricycle—Retracrable ! 5.0 Tailwhesti—Retractable Mains 8.(OSkiWheel Crow s
3.[J Taitwheat—Fixed i 8.0 Amphibian | 8. Specify Pax
Stali Warning System 1 hIFR Equipped Engine Type '
tnstalled '
1.3 Yes . _ 1XX Yox 1,1 Reciprocat.ng—Carburetor A [J Turbo Prep 5. X Turbo Fan
20 No - ' - ]2 Ne 2/ Raciprocating=—Fuslinjacted 4.] TurboJet 8. Turbo Shaft
Engine Manufacturer : Engine Modsl/Series Engine Rated Powsr Type Of Fire Extmguhhiﬂs
: i System Usad
Ho 1.R5 None
Ganeral Electric .. | CR6-80CZDIF L5y orsemower 23 Non
Enging(s) wpr_ | Dateof M!k__ 9. Serial No. Total Time Time Since Inspection Time Since Overhayl
Engine No. 1 7-93 -~ 702816 952 Hours Hours : Hours
Engine No. 2 1 7930 1702 919 952 Hours Hours Hours
EngineNo. 3 7-93 ! 702 918 Gge7 Hours Hours Hours
| EngingNo. 4 N I 3 e, o Hours Hours Hours
Typa Of anup-nu Prognru Type Of Last Inspacstion Date Lut Inapmlon Performed
1.0 Annual | 1.7 Annual NL/01 /9. . . (MDY
2.0 Mlnufmrer‘slnspecuon Progrnm 2.0 100Hour Tingimco Lastinspection
3.0 Dtherb.pqrov»d Inepaction Program (AAIP) 3.0 AAP Hours
4.X Con!muous Airworthiness - ! 4XX Continuous Airworthiness Airframe Total Tima
| 5. Specity : : : 2 __ Hours
Emergency . ELT Manufacturer IModeIISorin Serin) Number jl&%c Date
IL:“T m m‘"m, m Corporation RLB-923 ! U
od Aided In Acvident Lcutlon
1.0 On 2l:| Of 2B Armed RPD“.‘?B 2./ No .7 Yes 2.(@ Neo
n..qmmd AuenﬁOwner T {Address . 1100 N. Markaer St. ___Rndnay_Squm:e_ﬂ._
'Jilmingrf:on Trust Co. Trustes — —Wilpingron, NF 19AS0
perator Of Aireraft 'l Address
3.0 Same As Registered Ownar | 1.0 Same As Rogistered Owner
2. Name 2. —3101-Fehuiehonma—Rd—
3 DBS, Federal Express Corp. :
NTS8 Form 6120.172 {11/87} This form replaces NTSR Forms 6120.1 (Rkv. 10/77) and 8120.2 [Rev. 10/77), - Page 1
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Operater (Cartificate Number) Dptntor Des:gﬂator t4 LmT Den;nr)

] FDEA |

Aurpose Of Riight And Type Of Opeeation

Regulation Fight Conductor Under i Opserator Autharity : FAR 121,125,127, 129,138

1.IFARS1 {only) e, (ZV VIR 7.CIFAR 133 FARIY . EAR133 Revenus Operations

2. CJFARSID 5.)FAR125: 8.JFAR 136 1.0Domaatic : 6. iRotorcraft _ 1.1 Schaduted

3 OFAR103. | 6. JFAR129! 9.[JFAR 13? 2.0 Fing Externsiload 2.1Non Scheduted

M Purpose Df Flight : i 3. Supplamantal FAR1ZS 3. (O0omestic

Personat 5.E) Asrial Observation | 7.CiLarge Aircratt 4.D)intarnstions!
Business 7.0 Other Work Use | EARIAD EAR 129 5. ()Passenger

3. CHinstructional - 8.[JPublicUse £, 00n Demangd 8. IForeign 6.(XCargo .

4. ExecutiveiCorporate - 9.[JFaerry ; 5, JCommutar 1 7. Spesity

€. Aerial qu_fi{:atian B N Posmon!ng ! .

Pilot Name

. _ Vartanisa/Eric A. .
Centificate{s) :, . i
1.0)Student . 3. CJCommarsial 5. OJFjight Instructor 7. Milizary 9. JNone -

LI, Z’i?'»‘!ﬁ’f“

2.0Private . 4 i}hirlin@Transpan 8. [JFlightEnginser 8. JForaign ~ 10. Specity
Ratingls; -~ C Instrument Ratingis) Instructor Ratingls) - :
1.(J None : f . &3 Helicopter 1.3 None 1.6 None ™ - 6.0 instrument Airpfans
2.0 SingleEngineLand . 7.3 Glider 2.3 Airplane 2. AirplaneS.E. 7.[J Instrument Helicopter
3.5 singleEngine Sea 8.0 FreeBalioon 3.0 Helicopter 3.0 Airplane MLE. 8.0 Ground Instructor
4.0 Multianginegband . © 9.1 Airship 4. Helicopter 9. Spacity
5.0 Muyltiengine Sea & 10.[% Gyroplans 5.0 Glider
Type Retings/Etiident Endorsemants - Oate Of Bisnnial Flight Review BFR Alreralt
B737 DA20 DC10 MD-11 nm Or Equivalent (M/D/Y) 1. Make
2. Modsl .
Yodicai cm:ﬁm. B nmomnmn Limitations : Dute Ot Birth (M/0/Y)
1.0 Nore 3.3 Class2 ",‘T’: ! o _
2. xClass 1 acess | T j Walvers ' .
“Oflniun Do MOn?!upM , Parson At Controis At Time Of Accident ‘Seat Bolt Available
1. oné . X3 lelt - 4[] F . . :
s P by 9 it 5_8 Front 1.0] PilotInCommend  3.0J BothPilots 5.0 NoOne | 1.05 Yes
3.[] Serious - 2.3 Center 2.&) SecondPilot 4. Noa-Piiat - 2. No
4. Fatal - _ . : ]
SeatBelt - Shoulder Hainaes Shouldar Harnees Source OIPitot Flight Time Information
Usad . Available Used | 1.) FilotLogbock 4.1 Company
1XX Yes S L Nes 1.8 Y 2.0 Operaton Estimate 5. Specify _
2.3 No o 20 No 20N 3.03 FAARecords
. ; © | ThisMake] Airplane | Rirplane Instrument Lighter
| FhghtTime ; AlAG | &Modsl | SingisEngineMultienpine| Night Actuni Simulated |Rotorcraft | Glider | Than Air
Total Time A a72 : —~ .
Piiot tn Command (PIC) ! '
instructor . % B
This Make/Madel m
Last 90 Days 1113 -
Last 30 Daye :
e ST O _ S T AT
mwmwnmmmmmmum

1. (X Co-Pilot 2.0 Dusl Swudent  3.[]SsferyFilot  {4.(3Check Pilst . 5. None (Filot-Rated Passenger}

| . '

]
PlotName Pilot o | m";—‘EQTS'O_— Neticnal
Rick M. Sowers ' w i Incline Village, NV iy

'Mﬁiﬁuﬂlﬂ
1 OStudent 3.C1Commercial 5. DF!tght Instructor 7.0 Military +. 9. None —
2.OPrivate & g% Airline Transport 6. [3Fiight Enginger 8.Foreign 10. Spacify
i
]
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AR CONDIY . o TR ;! S e at ikt LA AR
Mng(s) Inmmmﬂniny(sl lnmmemaabngts)
1.1 Nane 6.7 Helicopter 1. None 1.0 None 6.0 Instrurment Airplane
;0 SingteEnging Land 2.[J Ghide: 2.0 Airpiane 2.7 Airplans S.E. 7.{] instrument Helicopter
3.[J SingleEngine Sea 8.[] FreeBalioon 3.0 Heiicopter 3.0 Airpiane M.E. 8.{] Ground Instructer
48 Muiltiengineland 8.[] Alrship i 4.7 Helicopter 9, Specily
5.7 Multiangine Sea 10.[] Gyroplane 5.11 Glider j
Type Ratings/Studant Endorsamants - i | OateOf Bisnnial Fligit Review BFR Aircraft
e i
MD-11 | | OrEquivalent{M/D/Y) 1. Make
' o 2, Model
Madical Cortificate I1Date Of Last Medicat Limitations Date Of Birth
C - MDY} i :
1.00 Nene 3.0 Class2 ; .
D - 3002 04793 | fwsvens s
2. G5Class1 4.0] Class?d | _
omln;m;y c Sent Occupled : " SewtBeitAvailable
1. * 3.0 Serious 1.(3 Left | 3.3 Cenwer 5.7 Rear +.[4 Yes
{20 Minor 4. Fataf - 2.uRigh1 4.7 Front 2.0 No
SestBelt - Shoulder Harness - Shouldar Harneas Sourcs Of Pilet Rlight Timainformation |
Used - Available _ Used 1.0 PilotLogbook " 4.(9 Compsny
1.[R Yes 1.0R Yes . 181 Yes 2. Operstors Estimate ‘5. Specity
(27 No 2.1 No . 2.0 No 3.07) FAARecords : :
ThisMake | Airplane | Airplone instrument | Lighter
Fiight Tima AltAC | AModdl [SingleEnging]Multisngine| Night Actual | Simuisted |Rotoreraft Glider Than Air
Total Time : 856 "
Pilot In Command {PIC) '
instryctor
This Make/Model
Last 9¢ Days - 93
35t 30 Days
L2st 24 Hours: ?
Othar Parsannsi ; ;
| i Passenger Degres Of injury
, t Non- { Non-
Nama Seat Address (City & State) Crew [RevenueiRevenue | Occupamt FAA | Fatsl Sedious Minor None
1. Robext Steine on file FEDEX X none
1.2.Richard. " X pong
31inda Agay " : X pone
4. - |
%
&
28 SR L R S AT SRR
hl‘tbepﬂtvn?omt Destination Fllghﬂ’lmﬂl-d
1. Airport iD _KAM__._....___ 1. Alrport 1D KMEM ~ 11.00 None 4.[7] VFRAFR
2. City/Place Anchorage h 2. City/Flage __uemph.ta.... 2.3 vFR 5.3 Company (VFR)
3 State —___Alaska—— |2 Time Zonc .._......}...... 3. State i 3.5 IR €[ Military {VFR)
If Weather Was Invaived, State ¥ Wolthlr Brisfing Was Oh‘lqimd Or ¥ Waathar Ropom Wera Chacked And How it Was Accomplished
: t
| | )
Fuei On Board At Last Takeol T [ruei Tyse ’
Gelions .0 4.3 1164145 7. Specily
tor 2.{) 100Lowlesd 5.X1 JetA
135,000 piunds . : 3.00 100130 8.7 Automotive
Other Secvices, if Any, Prior To Daparture i
. R Db i ke emes e &2 mmmséﬁi;‘?ﬁ‘"“ Vs
Snqume!ylrlnfomution Temp *F}
{PHiot/Opeorator, Weather Obsarvation}
o 30 Dusk 37
MEM Towex 2.0 Daylight  4.01 Bright Night
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stynomamcowﬁou
.0 Claar 4.7 Overcest 900 Fept AGL
G'Fa 2986 “Hg| 2.0 Seattered  Fast AGL 8.[0 Partisl Obscuration
3.[] Broken Fast AGL &7 Obseurred
Wind lwfwmaﬁpn —— — ; "
1. Direction 310 : Restriction To Visibility Type Precipitation | Intensity OfPrecipitation -
2. Velogity ___z_ KIS snow 13X Light 3.0 Hoavy -
3 Gusts KTS . 2.[7] Moderate 4. Specify
Turbulance {Mémplo antry)

1.@!Nor’:e 1 2 [j L:ght 3 {:] Moderats 4.[] Sevare - 5.]:! Extrame 6. [ Clear Air 7.0 n Clouds

Dogm ot Am:uft Damm
1.0 None - | 2.PPMinor 3.0 Substantial  4.(1|Destroyed 1.3 Yes 3.(J In-Fiight
. . AKX No 4.] OnGround

Description Of Damage To Aireraft And Other Property

ﬁpbf‘oﬁ:iinat;ely, 20 inches of skin buckling on left and right fuselage just aft
é_f:the.pose gear box.

T e e
LG N .ﬁ_..\f.

\1&" “?5-.‘_

1.3 No 1
2.1 Yez hstTha Name Of The Part, Manufacturer, Part No Serial No. ;
Aﬂd Desceibe Tha Failure _ OnPart At Ovarhaul
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Pilot Certificate No..

1.E] Ou(ﬂde_i’er;oﬂ{s} 3.0 Stide §.[) Ladder
1 2.0 Auxitiary Lihting ‘4.0 Rope 6 7 Specify
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ANCI5FAOO8 Page 1 of |

NTSB Identification: ANC9SFAO08. The docket is stored in the {offline) NTSB Imaging System

Nonschedufed 14 CFR 121 operation of FEDERAL EXPRESS, INC
Accident occurred NOV-04-94 at ANCHORAGE, AK
Aircraft: MCDONNELL DOUGLAS MD-1 1/F, registration: N611FE
Injuries: 2 Uninjured.

ACCORDING TO THE FLIGHT DATA RECORDER, WHEN 50 DEGREES OF FLAPS WERE SELECTED AT 985
FEET AGL, THE FIRST OFFICER, WHO WAS FLYING THE AIRPLANE, DID NOT STABILIZE THE APPROACH.
THE PITCH ATTITUDE OF THE AIRPLANE VARIED APPROXIMATELY 2 DEGREES WITH CORRESPONDING
ELEVATOR POSITION CHANGES. AT 40 TO 50 FEET THE PITCH ATTITUDE OF THE AIRPLANE WAS
DECREASING. THE CAPTAIN STATED HE FELT A HIGHER THAN NORMAL RATE OF DESCENT AT 20 FEET
SO HE GRABBED THE YOKE AND PULLED BACK. THE AIRPLANE LANDED HARD, BOUNCED, AND
OSCILLATED AT LEAST THREE TIMES, REACHING A MAXIMUM PITCH UP ATTITUDE OF 12.3 DEGREES.
THE TAIL STRUCK THE RUNWAY DURING THE OSCILLATIONS. THE CAPTAIN DID NOT USE VERBAL
INSTRUCTIONS AS REQUIRED BY THE FLIGHT MANUAL AND COMPANY PROCEDURES, WHEN TAKING
CONTROL OF THE AIRPLANE. BOTH PILOTS WERE MANIPULATING THE CONTROLS DURING THE
BOUNCED LANDING RECCVERY.

Probable Cause

THE FLIGHT CREW'S IMPROPER RECOVERY FROM A BOUNCED LANDING. FACTORS ASSQCIATED WITH
THE ACCIDENT ARE THE FIRST OFFICER'S LACK OF FAMILIARITY WITH THE AIRPLANE, HIS FAILURE TO
STABILIZE THE APPROACH, AND THE CAPTAIN'S DELAYED REMEDIAL ACTION.

Fuil parrative availabie

ludex for Nov 1994 Index of Months O

5128198 2:16:10 PM
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ANC9SFA008
HISTORY OF FLIGHT

On November 4, 1994 at 1125 Alaska standard time, 8 McDonnell Douglas, MD-11 airplane, N611FE, operating as Federal
Express flight pumber 016, expericnced a hard landing at Anchorage International Airport while landing en runway 6R,
Anchorage, Alaska. The sirplane landed hard and bounced. The tail struck the runway's surface. The airplane was
substantially damaged. The ait cargo flight, operating under 14 CFR Part 121, departed Kansai, Japan, on an instrument
flight rules flight plan. The destination was Anchorage. Visual meteorological conditions prevailed. The Captain and the
First Officer, the only occupants, were not injured.

According to the crew, they were following 2 Japan Air Lines Boeing 747, which preceded them by an estimated 3 mules.
The Federal Express crew was cleared for 2 visual approach to runway 6R and they used the ILS course for guidence. The
Captain stated that the zirplane flew through a little bit of turbulence when crossing the shoreline but it was acthing
unusual. At 50 feet above the ground everything looked normal, but at 20 feet the Captain stated he perceived an increase in
the airplane’s sink rate. He and the first officer (the flying pilot) both pulled the yoke back. The airplane hit the runway and
bounced upward. The nose of the airplane began to pitch up and the crew pushed the yoke forward. The tail then struck the
ground. The nose began to respond, and they landed normally.

DAMAGE TO AIRCRAFT

The airpiane received substantisl damage. Approximately 32 fect of lower fuselage skin on the underside of the tail section
was scraped and dented. There were small puncture/scrape holes in the skin. The aft pressure bulkhead and supporting steel
structures were crushed and bent. The VHF antenns, located on the underside of the tail section, was sheared off.

PERSONNEL INFORMATION

According to Federal Express flight crew records log, the Captain: was hired and received his basic indoctrination into
Federal Express on September 1, 1967. He has functioned as a Captain on the Boeing 727 and 747 airplanes. On August
25, 1992, he received transition/upgrade training to the MID-11 airplane. On October 28, 1952 he completed his Initisl
Oyperating Experience (IOE) as Captain on the MD-11. According te Federal Express records, the Captain bad 1216 hours
in the MD-11 airplane.

According to Federsl Express flight crew records log, the First officer was hired and received hus basic indoctrination to
Federal Express on February 12, 1988. He was assigned to the Boeing 727 as a second officer on March 3, 1988. On
February 8, 1989 he was assigned to the DC-10 as a second officer. On August 31, 1994, he received transition/upgrade
training on the MD-11 airplane and completed his IOE on October 13, 1994, According to Federal Express records, the
First Officer had 56 hours in the MD-11 airpiane. The first Officer stated, this was his third landing after his iOE.

FLIGHT RECORDERS

The cockpit veice recorder and flight data recorder were retrieved and sent to NTSB Headquarters, Washington, D.C. for
readout. The cockpit voice recorder did not contain any pertinent information.

The flight data recorder was deciphered and analyzed. The vertical rate of descent information (VSPD) was not valid on the
main resdout and was computed by the NTSB HQs flight dats recorder analyst by using the sititude and time readouts. This
information was portrayed on a chart {included) and at 100 feet above ground level (agl), the rate of descent increased to
just over 1000 feet per minute with a nose pitch up attitude of 2.46 degrees. The rate of descent then decreased to 850 feet
per minute and again increased to 900 feet per minute when the airplasc was 50 feet above the ground. At this point the
airplane’s pitch attitude was 2.11 degrees up.

A review of the pitch attitude during the approsch showed that the airplane’s pitch attitude was approximately 3.87 degrees
while flaps were selected and set at 35 degrees. The flight data recorder readout frame count number 115 shows that flaps
were at 39.731 degrees which shows a traasitory position. The pitch attitude of the aurplane reached 4.57 degrees. At 785
feet agl, the flaps reached the selected 50 degree position and the airplanes’s pitch attitude reduced to 2.11 degrees. From
frame count 115 to frame count 127, the airplane’s pitch aftitude varied from a low of 1.41 degrees to a high of 4.57 degrees.
There were two cycles of variation snd at frame count number 127; the pitch attitude was decreasing through 2 46 degrees
to reach a tow of 2.11 degrees.

5/28/98 1:07:55 PM
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The flight data recorder elevator positions were examined and were found to fluctuste with the pitch attitude changes. The
airplape's piteh attitude would reach its maximum deflection approximately { second after the maximum elevator input.

The flight data recorder readout shows that between 55 and 40 feet agl, the airplane's pitch attitude was increasing from
2.11 degrees to 2.81 degrees. The elevator position information shows a positive increase in elevator position. The pitch
attitude of the airplane continued to increase te 8.44 degrees until ground contact. Upon ground contact, the elevator
position began decreasing from its positive deflection. The flight data recorder readout shows elevater deflection varying to
positive pitch up two more times before going to a negative position for the completion of landing.

According to McDonnell Douglas Aircraft, and Federal Express, Inc., the MID-11 has & tendency to pitch up when the
spoiters deploy. The spoilers were designed to deploy only to the half position at main wheel spin up and if the throttles
were retarded to less than 46 degrees of throttle travel. This was designed to reduce the pitch up effect. According to the
flight data recorder readout information, the spoilers did not deploy upon initial ground contact. Threttle position travel was
approximately 37 degrees. The spoilers did deploy to the half position upon the second touch down of the main wheels The
following information is excerpied from the flight data recorder readout and shows the relationship between the frame
count, average elevator position between lef! and right and inboard and autboard elevators, spoiler position, and airplane
pitch attitude.

frame count avg elev pitch spoiler grnd contact no. position attitude position

120-73163.168.004- 11.7974.22 ~ - 8239703 9.147 - 2.198 8.44 — imiteal 130 - -0.6367 5.27 7.828-15.1593.16 -
- 5.0317.73 27.090 second - -7.66 12.30 - 131 - -10.282 9.84 26.387 third + final

-11.68754.22---15.15-0.3526.739--7.294 0.70 -- 132 - -14.613 0.00 58.667

This information shows that the airplane's pitch attitude responded to the control inputs selected by the flight crew.
WRECKAGE AND IMPACT INFORMATION

There was no wreckage or debris on the runway after landing.

The damage to the airplane was discovered during the maintenance crews post flight examination of the airplane.
TESTS AND RESEARCH

Flight simulator tests conducted at the Federal Express Training facility, Memphis, Tennessee, showed that the airplane bad
a pronounced tendency for the nose to pitch up upon main gear touchdown. The nose pitch up tendency was exaggerated by
the deployment of the spoilers which occurred upon main landing wheel spin up. Upon main landing wheel spin up, the
spoilers deployed to the half deployed position.

The simulator tests distinctly showed that upon maia gesr touchdown and spoiler deployment, the fiying pilot had to
physically push the yoke forward to prevent the nose from pitching up. The pidot had to anticipate this control input. I the
pilot waited for the nose of the airplane to begin movement in any direction, his control input effect was greatly diminished.
The control input effectiveness was also affected by the position of the airplane’s center of gravity. If the center of gravity
was near the forward position, the control input took 2 longer time to effect 2 change in the momentum of the nose pitching
rate. Conversely, when the center of gravity was near the rear himit, the control input more quickly effected a change.

The nomina} center of gravity range for the MD-11 airplane during landing is 25 te 27 percent of MAC (mean aerodynamic
chord). According to the Captatn, the airplane’s landing center of gravity was 23 percent of MAC.

A demonstration by the company MD-11 instructor pilot showed that if a stabilized approach was Sown and the rouchdown
was normal, the nose of the sirplane pitched up and stabilized at approximately 10 degrees nose up. He demonstrated this
by removing his hands from the flight controls upon touchdown.

A pilot not rated in the MD-11 airplane flew an unstebilized approach and upon touchdown did act aaticipate the puch up
tendency. The nose of the airplane pitched up at touchdown and full forward control input was applied before the pitch up
movement was srrested. At this point the nose of the sirplane began to drop rapidly toward the runway. The pilot cntered a
maneuver commonty termed as a pilot induced oscillation. The tad did not strike the runway during this maneuver. After
three to four pitch oscillations, the main landing gear touched the runway and the pilot applied immediate full forward yoke
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and the airplane landed normally and stayed on the runway.

Examinstion of the company's tramning program showed that tail strike awareness is discussed. The Captain and the First
Officer both stated during their interviews that they received information during training referencing tail strikes.

Examination of the MD-11 Flight Manual, page 7-113, under the section titied "Tail and Wing Clearance,” subsection
"Landing,” revealed the following statement, "Aftempting to make the smoothest landing possible can result in decreased
clearsnces which in turn could result in a tail strike.” The section further states that high descent rates on shert final could
iead to late or early flares which could siso lesd to 2 tail strike. The Flight Manual recommends against aerodynamic braking
due to the increased possibility of a tail strike. The Manual states "Another contributor to t2il strikes during landing is the
nose- up pitching force generated by the sutomatic ground spoiler deployment at main gear spin-up. This is quickly noted
and pitots are taught to compensate for it during initis! transition training. It then becomes part of the MD-11 pilof's
reflexes. Spotler pitch-up is still preseat during every landing, and must be counteracted. if touchdown does occur with
higher than normai pitch attitude, the aose should be lowered promptly to prevent spoiler deployment from further
increasing the pitch attitude...” “In short there is not & substitute for & well- executed, stabilized approach to position the
airplane for proper flarc, touchdown at the proper spot and stopping while there is runway remaining "

The Flight Manuat further states that 2 normal landing configuration would give the airplane a vertical rate of descent
between 650 and 800 feet per minute. The pitch attitude should be 5 degrees with the flaps set at 35 degrees, 2 oud center of
gravity, while on a 2.5 degree glide slope descent angle. The use of 50 degrees of flaps will reduce the pitch attitude by 1
degree. The mapual also states that the pitch attitude necessary to aftain a near zero rate of descent under the described
conditions would normally be B to 9 degrees.

According to the flight data recorder information, the sirplane had a pitch attitude of 4 to 5 degrees while the flaps were
extended to 35 degrees. Approximately 850" above the ground, 50 degrees of flap were selected and the pitch attitude of the
airplane reduced to approximately 1 degree and continued to vary throughout the approach. The vanation was betwesn 2
and 4.5 degrees until the event.

According to the instrument approach plate for Anchorage Internztional Aisport, ILS runway 6R, the descent angle for the
glide stope is 3.0 degrees. The Captain and First Officer both stated that the airplane was on course and on glide slope. The
average rate of descent for the airplane during the approach, up until the time of the event was 856.73 feet per munute.
However, the rates of desceat varied from 2000 feet per minute to a climb of 350 feet per minute. These rate of descent
points were taken from the point were 50 degrees of flaps were apphied.

Examination of the training program showed that tail strike awareness is taught and the training objectives coincided with
the infermation in the sirplane flight manual, However, the training objective stated that wath 35 degrees of flaps extended
the pitch attitude during spproach should be 6 degrees, at flaps set to 50 degrees, the pitch attitude shouid be 5 degrees.
There is no refercace to descent angle.

According to 2 representative of McDoanell Douglas Aireraft, those are nominal numbers for the flight crews to show an
example of the approach sight picture. It was stated that a stabilized approach is very important and that a 2 degree vaniation
of the pitch attitude during the final phases of the approach is not a very stabitized approach, "considering the size of this
airplane.”

The training program aiso listed a section desling with transfer of sirplane control. The training program did vot list aay
specific method for performing the transfer of airplane control. However, on page 7-7 of the MD-11 flight manual, a
specific procedure for the transfer of airplane control is listed. According to the Federal Express Flight Operations Manual,
page 2-10, there is a discussion about airplane control. It states in part, "At any time, during ground or flight operations, if
the First Officer is controlling the airplane and the Captsin becomes concerned about the airplane’s flight path or ground
track, the Captain must take physical control of the airplane and state 'l have the airplane.’ The First Officer must then
completely relinquish control of the airplane.” The Captain did not usc any verbal commands in this accident o acquire
control of the sirplane.

Discussions conducted with the Federal Express Training Department and the Standavdization Department revealed that the
standardization department was responsibie for the information taught by the traiming department. The Training Department
stated that they had trouble getting the most current information through their company distribution system. The training
department indicated that they would like to implement training procedures based upon information given m the various
McDonnell Douglas publications, such as "All Operator Letters” and "Know your MD-11" letters. Individual instructors in
the Training Departraent stated they receive the update information faster by getting the publications directly from
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McDeonnell Douglas Aircraft.

The distribution of these publications, within Federal Express, is handied by the Standardization Department. One
individual in the Standardization Department is responsible for reviswing the documents/pubbcations and routing the
documents to their destinations such as maintenance, operations, or training,

According to the Standardization Department Manager, the company separated standardization and training as a method to
check the quality of training. However, the Standardization Department is responsibie for the curriculum information sent to
the Traimng Department. The manager stated, “they teach only what we tell them to teach.”

There was no written procedure for training program development or distributien of publicaticns.
ADDITIONAL INFORMATION

The MD-11 airplane is equipped with a dual chamber, main landing gear, shock strut. If this strut is not serviced correctly,
it may cause the airplane to rebound more than ususl dunng landing. The landing gear struts on the accident airplane were
examined and found to be over serviced with both fluid and nitrogen. According to McDonnell Douglas Aircraft, this strut is
very difficult to service and there is no simple way for the flight crew to determine whather the strut has been correctly
serviced. The traditional method of strut extension examination, as used by most flight crews, is oot a valid method for
determining correct servicing. The amount of strut extension is dependent on many facters, such as awrplane gross weight,
terrain/ramp slope, or fuel ioad distribution. These elements may lead 1o uneven strut extension. McDonnell Douglas
Alrcraft stated that if the strut is not leaking oil, and it was serviced correctly during maintenance, it should operate property.

According to McDonneli Douglas Aircraft, they do not feel that the landing gear strut over service problem has been
attributed to the csuse of any tail strike in the MD-11 airplane.

They do believe thai the rebound potential created by the over servicing could assist 1o aggravating a pilot induced
oscillation duning an unstabilized touchdown. According to Federal Express, the main landing gear struts are checked only
witen the airplane gets 3 "B" maintenance check. There is no way for the flight crew or line maintenance crew to determine
if the struts have been properily serviced. Federal Express did not have a wnitten procedure in place, for flight crews or kine
maintenance crews, to determine the servicing level of the main landing gear struts.

National Transportation Safety Board Supplements C, D, and [, were not completed or submitted with this report.

Return to synopsis

rl
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NTSB Identification: ANC96FAQ72. The docket is stored in the {offling) NTSB imaging System.

Nonscheduted 14 CFR 121 operation of FEDERAL EXPRESS
Accident occurred MAY-16-96 at ANCHORAGE, AK
Adrcraft: McDonneil Douglas MD-11-F, registzation: N614FE
Injuries: 1 Minor, | Uninjured.

MD-11 was cleared visual approach {apch) to runway (rwy) 24R, 3 mi (} nun) behind Boeing 747 (landing on rwy 24L).
Rwys were 550 ft apart with rwy 241 threshold staggered 4300 ft beyond that of rwy 24R. MI>-11 eaptain {capt) used
VASI, which had 3.25 deg glide path. On final apch, 21 kt feft crosswind diminished to about 5 kts. From 100 ft agl,
MD-11 exhibited ieft, then right roll & stight yawing. About 50 ft agl, MID-11 entered high sink rate. Capt began go-around
& raised nose. Lower aft fuselage hit rwy & MD-11 bounced. Capt discontinued go-around, MD-11 bounced two more
times;, sustained damage to aft pressure bulichead, Last 20 sec of flight, MD-11 averaged 1380 fi/min rate of descent, 152
kts, 5.12 deg apch angle. MD-11 flight manual discussed visual apchs, go-around procedure, & tail'wing clearance issues,
but operator did got have formal tailstrike awareness traming for MD-11 pilots. After accident, operator developed txil strike
awarepess training program that included bounced landing recovery & simulator training, & limited pitch attitude to 7-1/2
deg for recovery from bounced landing AIM recommended that for landing behind larger acft on parallel rwy, closer than
2508 ft, stay above larger acft's flight path. Tower controller did not issue precaution for wake turbulence.

Probable Cause

the pilot's improper in-flight planning/decision, which ailowed the airplane (MD-11) to encounter wake turbulence from a
larger/beavy jet airplanc (Bocing 747), while on a short final approach for landing on a close-by/paraliel runway with a
staggered threshold. Factors relating to the accident were the staggered/off-set runway thresholds, which pesitioned the
ncrmat approach path of nunway 24R below that of runway 244 the steeper than normal fina! approach path; and the left
crosswind, which resulted in wake turbulence drifting from the Boeing 747's spproach path to the MD-11's approach path.

Full mammative available
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ANCY96FADT2
History of the Flight

On May 16, 1996, about 0633 Alaska daylight time (ADT), 2 McDonnell Douglas MD-11-F, N614FE, sustained substantial
damage when its tail struck the rinway durning landing at the Anchorage International Airport, Anchorage, Alaska The
airplane, operated by Federal Express Corporation, Memphis, Tennessee, as Federal Express flight 71 (FDX71}, was being
operated on an instrument flight rules (IFR) cross-country cargo flight under Title 14 CFR Part 12) when the accident
occurred. The captain, a certificated airline transport pilot, reported minor injurics. The first officer, alse a certificated airline
transport pilet, was aot injured. Visual meteorological cenditions prevailed. The flight originated from Newark, New Jersey,
about 2328 ADT, May 15, 1996.

A Japanese Airlines Boeing 747 (JAL flight 49), contacted the Anchorage Air Route Traffic Control Center (ARTCC) at
0621:25 and reported passing 10,000 feet during its descent into the Anchorage terminal area from the northeast. The
accident awrplane (FDX71), also amived in the terminsi ares from the northeast and advised the ARTCC of passing 10,600
feet 2t 0622:35. Each sirplane was vectored for 2 visusl approach to runway 24L. At 0622:50, FDX71 advised they wonild
take runway 24R if it was available. At 0624:48, FDX71 requested a right base entry to the airport but the request was
denied due to sequencing. At 0628:13, FDX71 advised the ARTCC that JAL49 was in sight. The ARTCC advised FDX71
to maintain visual separation from JAL49 and was cleared for 2 visual appreach to runway 24R 2t 0628:31.

At0630:17, JAL4% received clesrance to land on runway 24L fom the Anchorage Air Traffic Control Tower (ATCT) local
controlier, At 063¢:32, FDX71 was cleared by ATCT for a visual approach to runway 24R. At 0631:42 the local controlier
requested on-board inertial navigational system (INS) wind information from FDX 71 and was told 180 degrees (true, 156
degrees magnetic) at 21 knots. At that time, the controller reported observing FDX71, 4 nautical miles southeast of the
approach end of runway 24R. JAL 49 was observed spproximately 1 mile from the approach end of runway 24L.

The captain of FDX7] reported he was flying the airplane and turned onto the final approach at 1,000 feet mean sea level
{msl). The captain was visually sligning the airplane with the visual approach siope indicator { VASI) for the runway. He
indicated he was observing a "pink over white" visual angle indication from the VASI The sutopilot was disenpaged and
the autothrottle was engaged. About 50 feet above the ground. the captain noticed some instability of the airplane and then
the airplane developed a bigh rate of descent. The captain initiated & wind shear "escape” procedure by applying go-around
power and began pitching the nose of the airplane upward but the airplans continusd to descend. The tail of the airplane
scraped the runway and bounced into the air. The captain decided to discontinue the go-sround maneuver and closed the
throftles. The airplane descended and bounced a second time. The arplane touched down a third time and then rolled out.

The pilot was concerned about the hazard of wind shear activity to ether arriving sircraft and reported a 40 kot tow level
wind shear on short final.

The airplane was inspected externaily by airport fire department personnel and then was taxied to parking. During the
completion of the after landing checklist, the flight crew noticed the spoiler handle was retracted. The crew also aoticed 2
"FADEC ALTN" (full suthonity digital electronic control - alternate) slert message from cach engine on the engine activity
display (EAD).

Crew information

The captain holds ap sirline transport pilot certificate with airplanc single and multi-engine land ratings. He also hoids a
flight engineer certificate with a turbojet powered rating and type ratings in Douglas DC-8, Boeing 727 and 747, and
McDonnell Douglas MD-11 airceaft. The captain received his basic indoctrination with Federal Express Corp., on April 4,
1977. Since thet time the captain has functioned as captain of Boeing 727 and Douglas DC-8 aircraft and first officer of
Boeing 747 sircrafi. On July 20, 1994, he completed his initial operating experience (I0E) in McDonnell Douglas MD-11
aircraft. At the time of the sccident, the captain bad accrued 1,470 hours in the MD-1 1. The captain's most recent simulator
training was provided on June 25, 1995.

The first officer holds an aicline transport pilot certificate with an 2uplane multi-engine land rating. He also bolds a flight
engineer certificate with a turbojet powered rating and a type rating in McDonnell Douglas MD-11 aircraft. The first officer
received his basic indoctrination with Federal Express Corp., on May 9, 1986. Since that time, the first officer has
functioned as the second officer and first officer on Boeing 727 aircraft. On April 26, 1992, he completed his IOE in

MD-11 sircraft. At the time of the accident, the first officer had accrued 2,167 hours in the MD-11. The first officer's most
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recent simulator training was provided on April 23, 1995,
Aircraft Information

The airplane had accumulated a total time in service of 12,392.54 flight hours. The most recent contintous azirworthiness
inspection was accomplished on April 29, 1996, 204.76 flight hours before the accident.

Following the accident, the operator measured the right mam landing gear strut extension as 5 3/8 mnches at 1,475 PSI The
left main Ianding gear strut extension was 4 3/4 inches at 1,500 PSI. The status of the fluid level of the main landing gear
struts was not evglusted by the operator at the Ancherage base prior to the airplane being ferried to their maintenance
facility in Los Angeles, California, for repair. During the repair to the airframe, the operator planaed to conduct a check of
the strut fluid level. On July 10, 1996, the operater informed the National Transportstion Safety Board (NTSB)
investigator-in-charge (TIC) of an internal miscommunication that resuited in the landing gear struts being deflated on May
27, 1996 while being prepared for the tail strike repair.

On the accident date, the airplane transmitted an automated Annc Communications Addressing and Reporting System
(ACARS) message to a Federal Express inc., ground station at 0632:18. The message noted "turbulence”. A second
ACARS report obtained from the airplane's computer noted an "on report” at 0632:03. The accuracy of the ransmittal ime
could not be correlated with the time reference contained on the flight data recorder. The operator indicated that the airplage
could bave generated the ACARS report as a result of the hard lsnding.

The airplane utilizes an aute ground spoiler system (AGS) that will sutomatically deploy the spoilers about 30 degrees
when the main landing gear tires spin up 8t touchdown. The spoilers will fully deploy to 60 degrees upon nose wheei
compression. The AGS also has an aute-retract feature for use in go-arounds. The spoilers will retract automaticaily when
the pumber 2 throftle is advanced more thap 1 inch from the idle stop.

The airplane utilizes severs] systems to provide the crew with alert messages concerning the operational himits of the
airplane. The previousiy noted FADEC ALTN saicrt message on the EAD is recorded when the throttles are advanced
beyond the FADEC bar. At this point the FADEC systems reverts to the aiternate mode for maximum manual selection of
engine thrust

The airplane ts equipped with 2 wind shear alert and guidance system (WAGS) that provides a visual and aural wamning and
pitch guidance commands to the crew. The system is enabled from 1,500 feet down to 50 feet above ground level {AGL).
The WAGS did not activate.

The airplane 1s also equipped with a ground proximity warning system (GPWS) that provides a visual and aursl waming te
the crew. The GPWS had several modes of operation which include excessive descent rate (Mode 1). Mede 1 can produce a
waming of "sink rate” and "whoop-whoop pull-up” based on the profile of the airplane. The GPWS did not activate.

Meteorologicsl Information

At 0555, a surface observation at the Anchorage airport was reporting, in part: Sky cendition and ceiling, messured ceiling
10,000 feet broken, 20,600 feet broken; visibility, 60 miles, temperature, 46 degrees F, dew point, 30 degrees F, wind, 170
degrees at 9 knots; sitimeter, 29.43 inHg

At 0638, a special observation was reporting, 1n part: Sky condition and ceiling, measured ceiling 10,000 feet broken,
20,000 feet broken; visibility, 60 miles; wind, 150 degzrees at 5 koots; altimeter, 29.42 inHg.

The FAA did not include any reports of wind shear (other than the accident airplane) in their report of this accident. JALAS
did not report any wind shear during their approach.

Communications

Examination of voice recordings from the airplane’s cockpit voice recorder was conducted by the Safety Board. At0632:36
the voice recording indicated a comment from the first officer, "got about twenty knots of left cross right here " At 0632:37,
the airplane’s central aural warning system (CAWS) provided ap audible altitude warning of 500 (feet). Between 0632:46
and 0632:52, the first officer reported a decreasing ¢ross wind with a last report of 12 knots. At 0632:54, the first officer
reported the airplane’s sink rate was 1,000 feet per minute aud at 0632:55, the CAWS provided an altitude warning of 100
feet. At 0632:57, the CAWS indicated 50 feet and less thap | sccond later, the first officer voiced an exclamation of "whoa".
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The airptane touched down at 0633:00.

After touchdown, the crew voiced concern both in the cockpit and to the Anchorage ATCT that they had experienced wind
shear. The crew indicated, "and ah tower, Fedex ah 71, we had about a forty knot wind shear on final. It could bave been ah
due to that seven four that was ahead of us.” JAL49 touched down on runway 24L at 0632, as reported by JAL operations.

The Ancherage International Airport does not routinely record low level radar data in the terminal ares. Anchorage Center
Radar records radar track information on a continuous dats recording (CDR). The coverage for center radar usually begins
above 2,000 feet msl in the terminal ares. Radar data was reviewed by the NTSB 1IC to determine the profile of both
arriving sirplanes. The radar data indicated that both airplanes made left turns from the downwind pattern southeast of the
airport onto the finsl approach. JAL49 turned onto the final approach for unway 24L cast (outside of) the flight profile of
FDX71. Radar data from JAL49 revealed at 0629:52, the last recording with altitude infermation, the JAL flight was at
1,400 fect msi at 181 knots ground spesd. At the same time, FDX71 was at 3,200 feet at 229 knots.

A trapscript of communications with Anchorage Center and Ancherage ATCT, the cockpit voice recorder, and radar data is
included in this report.

Aerodrome and Ground Facilities

The girport is within Class C airspace and Federal Aviation Regulation {(FAR) Part 93 applies to the terminal area. The air
traffic controt tower is equipped with a D-BRITE radar repeater display. The Brite system 1s designed to display primary
and secondary (transponder) radar returns of sircraft and alphanumeric target symbology generated by the Automated Radar
Terminal System (ARTS) to positions in the tower. The equipment is specificaily intended to present usable visual display
in the tower of the traffic inbound/outbound to the respective runways during both day and night conditions. The radar
displsy sugments visual cbservations by tower personnel of arrival, departure, and overfhight aircraft. The tower is an ARTS
ILA facility.

The airport is equipped with two paratlel hard-surfaced runways on 2 247/067 degree magnetic oricntation. A singje hard
surface runway is oriented on a 321/141 degree heading. Runway 24R 1s 10,601 feet long by 150 feet wide. The southern
edge of runway 24R is separated from the northern edge of runway 24L by 550 feet. The approach end of 24R is situated
4,300 feet east of the approach end of runway 24L. Runway 24R is equipped with a two bar visual approach slope indicator
(VASI) The airport is not equipped with 2 low level wind shear advisory system (LLWAS).

According to the Alaska Supplement, airport/facility directory, the VASI light system for rinway 24R consists of 2 3 bar
system. The upper glide slope is reported as 3.25 degrees and the lower giide slope is reported as 3 degrees. According to
FAA Airways Facilities personnel and Anchorage International Airport personnel, the VASI system installed at runway
24R consists of 4 light boxes. The downwind boxes consist of two light boxes, paralie] to each other, positioned on either
side of the runway threshold. The upwind boxes are positioned 700 fect further aleng and on either side of the runway.

On June 28, 1996, the VASI was examined by FAA Airways Facilities personnel. They reported that the upwind boxes
were in close tolerances and set to 3.0 degrees. The downwind hoxes were set to 2.5 deggees. The proper visual appreach
angle is maintained by the pilot observing a white light bar in the downwind box and a red light bar in the upwind box (red
over white). Deviation sbove the established visual glidepath wili proeduce 2 change in the upwind light bar from red
through pink, to white. Deviation below the glidepath will produce 2 change in the downwind light bar from white through
pink, to red. The totai change in color, both above and below the glidepath occurs within 1/4 to 1/2 degree.

Flight Data Recorder

The airplane’s flight data recorder was sent to the Safety Board for examinastion. The recorded parameters are listed by
subframe sumbers. Onc subframe is equivalent to one second of time. Downloading the awrplane's recorded parameters
revesled the following, in part:

At subframe pumber 2970, the sirplane was configured with the sutopilot off, flaps were set at 35 degrees, the airplane was
near wings level at ap indicated airspeed of 155.5 kaots. The Vref speed was 147 knots. The heading of the aurplanc was
241,61 degrees and was slowly increasing.

At subframe 2975, the airplans began & slight roil to the left reaching 3.52 degrees. The roli rate decreased and the aurplazne
then began & roll toward the right.
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At subframe 2976, the vertical accelerstion decreased to 0.84 g's and returned to 1.11 g's in subframe 2977. It then began
decreasing once again. The airspeed began increasing from 151 knots.

At subframe 2978, the thrust resolver angles began decreasing m response to the autothrottle commands. The lower rudder
began moving toward 7.47 degrees trailing edge lef and then began moving toward the nght. The aurplane experienced a
lateral acceleration to the left of 0.09 g's. The airspeed reached 158.5 knots and then began decreasing. In subframe 2978
and 2979, the number 1 and number 2 angle of attack indicaters displayed about a 3 degree difference in their respective
values.

At subframe 2979, the right roll reached 8.09 degrees right wing down. The vertical acceleration moved upward from a low
of 0.65 g's. The thrust resolver angle for engine number 2 and 3 increased in subframe 2980 to 85.80 degrees. The elevators
began to deflect toward 22 85 degrees trailing edge up.

At subframe 2981, the pitch angle of the zirplane reached 11.6 degrees nose up. A vertical acceleration spike of 2.6 g's
occurred. The thrust resolver angle decreased to previous sattings. The lower rudder reached 23.38 degrees trailing edge to
the right. The airplane was ncar wings level and on a 249.7 degree heading

From subframe 2982 to 2984, the elevators were deflected to 15.47 deprees trailing edge down and then toward 22.59
degress trailing edge up. The pitch angle of the airplane decreased to 2.11. From subframe 2282 to0 2985, the left wing
spoilers reached 34.13 degrees. The right wing spoilers reached 28.41 degrees. Both wing spoilers then began to retract.

At subframe 2984, a second vertical acceleration spike of 3.03 ¢'s occurred

Frem subframe 2985 through 2988, the efevators were deflected in a similar manner as subframe 2982 through 2984 but to
a lesser degree.

At subframe 2987, 2 third vertical acceleration spike of 1.77 s occurred.
At subframe 2990, the nose gear compressed.

Examination of flight data revealed an average descent rate of approximately 1,380 feet per minute during the last 20
seconds of the landing approach. The average airspeed was 152 kaots. Calculation of the descent angie of the airplane,
based on the above averages, indicated a flight path angie of 5.12 degrees.

Wreckage and Impact Information

The NTSB's 1iC examined the accident aizplane on May 16, 1996, as it was parked at the Anchorage International Airport.
The underside of the fuselage about fusciage station pumber 1821 to station number 2047, received seraping and buckling
damage. A blade type antenna was destroyed. Examination of the aft fuselage pressure bulkhead revesied wrinkling and
cracking of the bulkhead. Several adjacent lateral formers were also cracked and broken.

Measurement of the maip landing gear strut extension by the TIC reveaied that the right main gear strut extension was 6
30732 inches. The left main gear strut was extended 6 21/32 inches. The strut pressures were not recorded.

Additionai Information

Prior to the accident, the oparator provided wind shear recovery procedures that recommended applying firewall power and
incressing the pitch of the airplane to 15 degrees sose up. Following the accident, the opsrator added additional langusge
that recommended a 7 1/2 degree pitch attitude for a bounced landing recovery.

Foilowing the accident, the operator published 2 notice concerning landing procedures and techniques. The notice
emphasized early stabilization of thrust, sirspeed, pitch and descent rate to provide a good landing. The notice stated, in part:
"The desired fina) approach conditions consists of a 3 degree glide path and the rirspeed 2 Vapp plus wind additives as
required. For normal landing configuration, the descent rate will be 650 to 800 feet per minute. Autothrottles should be used
for all landings and will begin to retasd after passing 50 feet AFL. The sutothrotties will retard at a linear rate for 2 3 degree
glide path.. "

Before the accident, the operator did not bave a formal nilstrike awareness training program for the MD-11. Neither pilot
feported receiving training in bonnce recovery or tail strike prevention techmques during their ground school, simulater, or
flight training, Information was provided in the MD-11 flight manual that discussed visual apptoaches, go-around
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procedures, and tail and wing clesrance issues. Following the accident, the operator developed and implemented a tail strike
awareness training program that included bounced landing recovery and 2 sunuiator training profile.

Wreckage Release

The cockpit voice recorder was relcased to the operator on August 7, 1996, The flight data recorder was released to the
operator on Juae 10, 1996

Return 10 synopsis
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NTSB Identification: FTWO941A321. The docket is stered in the (offline) NTSB Imaging System.

Scheduled 14 CFR 121 operation of FEDERAL EXPRESS
Incident occurred SEP-28-94 at ANCHORAGE, AK
Aircraft: MCDONNELL DOUGLAS MD-1 1-F, registration: N663FE
Injuries: 2 Uninjured.

THE RIGHT HAND INBOARD FLAP VANE DEPARTED THE AIRFRAME WHEN THE AIRPLANE WAS 500 FEET
ABOVE THE GROUND ON FINAL APPROACH TO THE RUNWAY. THE VANE TO TRACK SUPPORT, AFT
ADJUSTMENT ECCENTRIC, AND THE SPRING CARTRIDGE STOP ASSEMBLY SEPARATED DUE TO TENSILE
OVERLOAD; HOWEVER, THE TENSILE PROPERTIES DID NOT APPEAR TO INFLUENCE THE FAILURE OF
THE VANE. THE SUPPORT TRACK, THE ROLLER SUPPORT BOLT, AND THE FLAP SUPPPORT BUSHING
SEPARATED DUE TO SHEAR OVERLOAD. TESTING FAILED TO DETERMINE THE CAUSE FOR THE FAILURE.
Probable Cause

RIGHT INBOARD FLAP VANE COMPONENT SEPARATION DUE TO UNDETERMINED REASONS.

Fuil narrative available
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5/28/98 2:07:13PM



Inerr 94A321 htm at www.ntsb.gov Page 1 of |

FTW941A321

On September 28, 1994, at 2050 Adaska standard time, 2 McDonnell Douglas MD-11-F, N6O3FE, received minor damage
during approach near Anchorage, Alasks. The crew of two were not injured. Visual meteorological conditions prevailed for
Federal Express Flight 81, scheduled Title 14 CFR Part 121 cargo flight to Asichorage, Alaska.

Company personnel and Federal Aviation Administration inspectors reported that the right hand inboard wing flap vane
departed the sirframe when the airplanc was 500 feet sbove the ground on final approach. The airpiane landed without
further incident and taxicd to the gate.

The Federal Aviation Administration (FAA) inspector and the airplane manufacturer examined the components and found
the right inboard flap vane components: #2 vane to track support (P/N ARC7481-1), aft adjustmnent eccentric (P/N
2941-503), and the spring cartridge stop assembly (P/N ARC2948- 2), separated due to tensile overload. The tensile
properties "did not sppear to influence the failure of the vane” (enclosed report). The support track (P/N ARC2734-501),
the rolter support boit (P/N ARC3154-1), and the flap support bushing (PN ARC7495-1) separated due to shear overload.

During flight testing the flap system was instrumented using strain gauges. During the testing the manufacturer isolated
vibratory loads that were being imparted (o a lateral motion on the failed part. They reporied that no fatigue was cvidenced
in the failed pasts. Additional testing concluded that part of the assembly (part numbers ARC748]-1 and ARC2941-503)
were not manufactured in accordance with the current engineering drawings.

A review of these components by the manufacturer’s Material Review Board subsequently declared them within the safety
reguirements. It was also determined that these components, although non-conferming, did not contribute to the fadure of
the system.

Retum to synepsis

1]

5/28/98 2:07:49 PM


http://www.ntsb.gov

fep iy pAy R National Transportatlion Safety Board
o Lo . Washington, D.C, 20594

Brief of Accident

Adopted 08/31/1995

ANCHSFAOGSE

FILE NO, 1931 11/04/94 ANCHORAGE, AK AIRCRAFT REG. NO. N611iFE TIME (LOCAL) - 11:25 AST
MAKE /MODEL - MCDONNELL DOUGLAS MD-11/F AIRCRAFT DAMAGE - Substantial FATAL SERIODS MINOR/NONE
ENGINE MAKE/MODEL — GE CF6-80C2DIF CREW g 0 2
NUMBER OF ENGINES - 3 PASS 0 0 0
OPERATING CERTIFICATES

Alr Carrier - Supplemental
FEDERAL EXPRESS, INC
Non=-scheduled
International

Cargo

NAME OF CARRIER
TYPE OF FLIGHT QPERATION

REGULATION FLIGHT CONDUCTED ONDER - 14 CFR 121

LAST DEPARTURE POINT - KANSAL, JP
DESTINATION Same as Accident

WEATHER INFO SODRCE- Weather cbservation facility
AIRPORT PROXIMITY On airport

CONDITION OF LIGHT —~ Daylight

AIRPCRT NAME = AMCHORAGE INTERNATICNAL BASIC WEATHER - Visual {vMC)
RUNWAY IDENTIFICATION - 0O6R LOWEST CEILING - 1100¢ FT Broken
RUNWAY LENGTH/WIDTH (Feet) - 10897/ 150 VISIBILITY - 0020,000 sM
RUNWAY SURFACE - Asphalt WIND DIR/SPEED - 160 /003 KTS
RUNWAY SURFACE CONDITION - Dry TEMPERATURE (F) - 29
OBSTR TO VISION - None
PRECIPITATION - Kone
PILOT-IN-COMMAND AGE - 54 FLIGHT TIME (Hours)
CERTIFICATES/RATINGS TOTAL ALL AIRCRAFT - 12084
Airline transport LAST 9¢ DAYS - Onk/Nr
Multi-engine land TOTAL MAKE/MODEL —~ 1216

INSTROMENT RATINGS

TOTAL INSTRUMENT TIME - Unk/Nr
Alrplane

ACCORDING TC THE FLIGHT DATA RECORDER, WHEN 50 DEGREES OF FLAPS WERE SELECTED AT 985 FEET AGL, THE FIRST OFFICER, WHO
WAS FLYING THE AJRPLANE, DID NOT STABILIZE THE APPROACH. THE PITCH ATTITUDE OF THE AIRPLANE VARIED APPROXIMATELY 2
DEGREES WITH CORRESPONDING ELEVATOR POSITION CHANGES. AT 40 TO 50 FEET THE PITCH ATTITUDE OF THE AIRPLANE WAS
DECREASING. THE CAPTAIN STATED HE FELT A HIGHER THAN NORMAL RATE OF DESCENT AT 20 FEET SO HE GRABBED THE YOKE AND
PULLED BACK. THE AIRPLANE LANDED HARD, BOUNCED, AND OSCILLATED AT LEAST THREE TIMES, REACHING A MAXIMUM PITCH UP
ATTITUDE OF 12,3 DEGREES. THE TAIL STRUCK THE RUNWAY DURING THE OSCILLATIONS. THE CAPTAIN DID NOT USE VERBAL

INSTRUCTIONS A5 REQUIRED BY THE FLIGHT MANUAL AND COMPANY PROCEDURES, WHEN TAKING CONTROL OF THE AIRPLANE. BOTH PILOTS
WERE MANIPULATING THE CONTROLS DURING THE BOUNCED LANDING RECOVERY.

WNIDIE0
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Brief of Accldent {Contlnued}

ANCY5FA008
FILE NO. 19%31 il/04/98 ANCHORAGE, AK AIRCRAFT REG. NO. N611FE TIME (LOCAL) - 11:25 AST
Occurrenced 1 HARD LANDING
Phase of Qperation LANDING - FLARE/TOUCEDOWN
Findings
i, - AIRCRAFT CONTROL - INADEQUATE - COPILOT/SECOND PILOT
2. - LACE OF FAMILIARITY WITH AIRCRAFT ~ COPILOT/SECOND PILOT
3. - REMEDIAL ACTION - DELAYED - PILOT IN COMMAND
Occurrenced 2 DRAGGED WING, ROTOR, POD, FLOAT OR TAIL/SKID
Phase of Operatlon LANDING - FLARE/TQUCHDOWN
Findings
4. - RECOVERY FROM BOUONCED LANDING - IMPROPER ~ FLIGHTCREW

The National Transportation Safety Board determines that the Probable Cause({s) of this Accident was:
THE FLIGHT CREW'S IMPROPER RECOVERY FROM A BCUNCED LANDIRNG. FACTORS ASSOCIATED WITH THE ACCIDENT ARE THE FIRST
OFFICER'S LACK OF FAMILIARITY WITR THE AIRPLANE, HIS FAILURE TO STABILIZE THE APPROACH, AND THE CAPTAIN'S DELAYED

REMEDIAL ACTION.

Format Revision 7/95



Thix space for binding

National Transportation Safety Board NTSB ID: ANC®S5FA008 Alrcraft Registration Number. N611FE
FACTUAL REPORT Occurrence Date:  11/04/94 Most Critical Injury: NONE
AVIATION Occurrence Type: Accident Investigated By: NTSB

Location/Time

Nearest City/Place State Zip Code Local Time Time Zone |

ANCHORAGE AK 99501 1125 AST

Accident Location: On Airport |Distance From Landing Facility: UNK/NAa| Direction From

Aircraft Information Summary

Aircraft Manufacturer Model/Series Type of Aircraft
MCDONNELL DOUGLAS MD-11/F Airplane
Sightseeing Flight: No Air Medical Transport Flight: No

Narrative

Brief narrative statement of facts, conditions, and circumstances pertinent to the accidentincident:

HISTORY OF FLIGHT

On November 4, 1994 at 1125 Alaska standard time, a
McDonnell Douglas, MD-11 airplane, N611FE, operating as Federal
Express flight number 016, experienced a hard landing at
Anchorage International Airport while landing on runway 6R,
Anchorage, Alaska. The airplane landed hard and bounced. The
tail struck the runway's surface. The airplane was
substantially damaged. The all cargo flight, operating under 14
CFR Part 121, departed Kansai, Japan, on an instrument flight
rules flight plan. The destination was Anchorage. Visual
meteorological conditions prevailed. The Captain and the First
Officer, the only occupants, were not injured. '

According to the crew, they were following a Japan Air Lines
Boeing 747, which preceded them by an estimated 3 miles. The
Federal Express crew was cleared for a visual approach to runway
6R and they used the ILS course for guidance. The Captain stated
that the airplane flew through a little bit of turbulence when
crossing the shoreline but it was nothing unusual. At 50
feet above the ground everything looked normal, but at 20 feet
the Captain stated he perceived an increase in the airplane's
sink rate. He and the first officer (the flying pilot) both
pulled the yoke back. The airplane hit the runway and bounced
upward. The nose of the airplane began to pitch up and the crew
pushed the yoke forward. The tail then struck the ground. The
nose began to respond, and they landed normally.

DAMAGE TO AIRCRAFT
The airplane received substantial damage. Approximately 32

feet of lower fuselage skin on the underside of the tail section
ias scraped and dented. There were small puncture/scrape holes

{(Continued on Next Page)
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National Transportation Safety Board NTSBID: ANCS5FAOCS
FACTUAL REPORT Occumence Date: 11/04/94
AVIAT!ON Occourrence Type:ACC ident

Narrative (Continued)

in the skin. The aft pressure bulkhead and supporting steel
structures were crushed and bent. The VHF antenna, located on
the underside of the tail section, was sheared off.

PERSONNEL INFORMATION

According to Federal Express flight crew records log, the
Captain was hired and received his basic indoctrination into
Federal Express on September 1, 1%67. He has functioned as a
Captain on the Boeing 727 and 747 airplanes. On August 25, 1992,
he received transition/upgrade training to the MD-11 airplane.

On October 28, 1992 he completed his Initial Operating Experience
(I0OE) as Captain on the MD-11. According to Federal Express
records, the Captain had 1216 hours in the MD-11 airplane.

According to Federal Express flight crew records log, the
First officer was hired and received his basic indoctrination to
Federal Express on February 12, 1988. He was assigned to the
Boeing 727 as a second officer on March 3, 1988. On February 8,
1989 he was assigned to the DC-10 as a second officer. On August
31, 1994, he received transition/upgrade training on the MD-11
airplane and completed his IOE on October 13, 1994. According to
Federal Express records, the First Officer had 56 hours in the
MD-11 airplane. The first Officer stated, this was his
third landing after his IOE.

FLIGHT RECORDERS

The cockpit voice recorder and flight data recorder were
retrieved and sent to NTSB Headquarters, Washington, D.C. for
readout. The cockpit voice recorder did not contain any
pertinent information.

The flight data recorder was deciphered and analyzed. The
vertical rate of descent information {VSPD} was not valid on the
main readout and was computed by the NTSB HQs flight data
recorder analyst by using the altitude and time readouts. This
information was portrayed on a chart (included) and at 100 feet
above ground level (agl), the rate of descent increased to just
over 1000 feet per minute with a nose pitch up attitude of 2.46
degrees. The rate of descent then decreased to 850 feet per
minute and again increased to 900 feet per minute when the
airplane was 50 feet above the ground. At this point the
airplane's pitch attitude was 2.11 degrees up.

A review of the pitch attitude during the approach showed

{Continued on Next Page)
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National Transportation Safety Board NTSB ID: ANCS5FAQ08
FACTUAL REPORT Occurrence Date: 11/04/94
AVIATION Occurrence Type: Accident

Narrative (Continued)

that the airplane‘'s pitch attitude was approximately 3.87 degrees
while flaps were selected and set at 35 degrees. The flight data
recorder readout frame count number 115 shows that flaps were at
39.731 degrees which shows a transitory position. The pitch
attitude of the airplane reached 4.57 degrees. At 785 feet agl,
the flaps reached the selected 50 degree position and the
airplanes's pitch attitude reduced to 2.11 degrees. From frame
count 115 to frame count 127, the airplane's pitch attitude
varied from a low of 1.41 degrees to a high of 4.57 degrees.
There were two cycles of variation and at frame count number 127;
the pitch attitude was decreasing through 2.46 degrees to reach a
low cf 2.11 degrees.

The flight data recorder elevator positions were examined
and were found to fluctuate with the pitch attitude changes. The
airplane's pitch attitude would reach its maximum deflection
approximately 1 second after the maximum elevator input.

The f£light data recorder readout shows that between 55 and
40 feet agl, the airplane’'s pitch attitude was increasing from
2.11 degrees to 2.81 degrees. The elevator position information
shows a positive increase in elevator position. The pitch
attitude of the airplane continued to increase to 8.44 degrees
until ground contact. Upon ground contact, the elevator position
began decreasing from its positive deflection. The flight data
recorder readout shows elevator Geflection varying to positive
pitch up two more times before going to a negative position for
the completion of landing.

According to McDonnell Douglas Aircraft, and Federal
Express, Inc., the MD-11 has a tendency to pitch up when the
spoilers deploy. The spoilers were designed to deploy only to
the half position at main wheel spin up and if the throttles were
retarded to less than 46 degrees of throttle travel. This was
designed to reduce the pitch up effect. According to the flight
data recorder readout information, the epoilers did not deploy
upon initial ground contact. Throttle position travel was
approximately 37 degrees. The spoilers did deploy to the half
position upon the second touch down of the main wheels. The
following information is excerpted from the flight data recorder
readout and shows the relationship between the frame count,
average elevator position between left and right and inboard and
outboarqd elevators, spoiler position, and airplane pitch
attitude.

{Continued on Next Page}
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National Transportation Safety Board NTSBID: ANC3I5FA008

FACTUAL REPORT Occumence Date: 11/04/94
AV!.ATION Occumence Type:ACC ident

Narrative (Continued)

frame count avg elev pitch spoiler grnd contact
no. position attitude position

129 - 7.316 3.16 8.004
- 11.797 4.22 --
- 8.239 7.03 9.147
- 2.198 8.44 -- initial

130 - -0.6367 5.27 7.828
- 15.158 3.16 --
- 5.031 7.73 27.090 second
- -7.66 12.390 --

131 - -10.282 9.84 26.387 third + final
- 11.6875 4,22 --
- 15.15 -0.35 26.739
- -7.25%4 0.70 --

132 - -14.613 0.00 58.667

This information shows that the airplane's pitch attitude
responded to the control inputs selected by the flight crew.

WRECKAGE AND IMPACT INFORMATION
There was no wreckage or debris on the runway after landing.

The damage to the airplane was discovered during the
maintenance crews post flight examination of the airplane.

TESTS AND RESEARCH

Flight simulator tests conducted at the Federal Express
Training facility, Memphis, Tennessee, showed that the airplane
had a pronounced tendency for the nose to pitch up upon main gear
touchdown. The nose pitch up tendency was exaggerated by the
deployment of the spoilers which occurred upon main landing wheel
spin up. Upon main landing wheel spin up, the spoilers deployed
to the half deployed position.

The simulator tests distinctly showed that upon main gear
touchdown and spoiler deployment, the flying pilot had to
physically push the yoke forward to prevent the nose from
vitching up. The pilot had to anticipate this control input. IE£
che pilot waited for the nose of the airplane to begin movement

{Continued on Next Page)
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FACTUAL REPORT Occurrence Date: 11/04/94
AVIATION Oceurrence Type: Accident

Narrative (Continued)

in any direction, his control input effect was greatly
diminished. The control input effectiveness was also affected by
the position of the airplane's center of gravity. If the center
of gravity was near the forward position, the control input took
a longer time to effect a change in the momentum of the nose
pitching rate. Conversely, when the center of gravity was near
the rear limit, the contreol input more quickly effected a change.

The nominal center of gravity range for the MD-11 airplane
during landing is 25 to 27 percent of MAC (mean aerodymamic
chord). According to the Captain, the airplane's landing center
of gravity was 23 percent of MAC.

A demonstration by the company MD-11 instructor pilot showed
that if a stabilized approach was flown and the touchdown was
normal, the nose of the airplane pitched up and stabilized at
approximately 10 degrees nose up. He demonstrated this by
remcving his hands from the flight controls upon touchdown.

A pilot not rated in the MD-11 airplane flew an unstabilized
approach and upon touchdown did not anticipate the pitch up
tendency. The nose of the airplane pitched up at touchdown and
full forward control input was applied before the pitch up
movement was arrested. At this point the nose of the airplane
began to drop rapidly toward the runway. The pilot entered a
maneuver commonly termed as a pilot induced oscillation. The
tail did not strike the runway during this maneuver. After three
to four pitch oscillations, the main landing gear touched the
runway and the pilot applied immediate full forward yoke and the
airplane landed normally and stayed on the runway.

Examination of the company's training program showed that
tail strike awareness is discussed. The Captain and the First
Officer both stated during their interviews that they received
information during training referencing tail strikes.

Examination of the MD-11 Flight Manual, page 7-113, under
the section titled "Tail and Wing Clearance," subsection
"Landing," revealed the following statement, "Attempting to make
the smocthest landing possible can result in decreased clearances
which in turn could result in a tail strike." The section
further states that high descent rates on short final could lead
to late or early flares which could also lead to a tail strike.
The Flight Manual recommends against aerodynamic braking due to
the increased possibility ©of a tail strike. The Manual states
"Another contributor to tail strikes during landing is the nose-

(Continued on Next Page)
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Narrative (Continued)

up pitching force generated by the automatic ground spoiler
deployment at main gear spin-up. This is quickly noted and
pilots are taught to compensate for it during initial transiticn
training. It then becomes part of the MD-11 pilot's reflexes.
Spoiler pitch-up is still present during every landing, and must
be counteracted. If touchdown does coccur with higher than normal
pitch attitude, the nose should be lowered promptly to prevent
spoiler deployment from further increasing the pitch
attitude...."™ "In short there is not a substitute for a well-
executed, stabilized approach to position the airplane for proper
flare, touchdown at the proper spot and stopping while there is
runway remaining."

The Flight Manual further states that a normal landing
configuration would give the airplane a vertical rate of descent
between 650 and 800 feet per minute. The pitch attitude should
be 5 degrees with the flaps set at 35 degrees, a mid center of
gravity, while on a 2.5 degree glide slope descent angle. The
use of 50 degrees of flaps will reduce the pitch attitude by 1
degree. The manual also states that the pitch attitude necessary
to attain a near zero rate of descent under the described
conditions would normally be 8 to 9 degrees.

According to the flight data recorder information, the
airplane had a pitch attitude of 4 to 5 degrees while the flaps
were extended to 35 degrees. Approximately 850' above the
ground, 50 degrees of flap were selected and the pitch attitude
of the airplane reduced to approximately 1 degree and continued
to vary throughout the approach. The variation was between 2 and
4.5 degrees until the event.

According to the instrument approach plate for Anchorage
International Airport, ILS runway 6R, the descent angle for the
glide slope is 3.0 degrees. The Captain and First Officer both
stated that the airplane was on course and on glide slope.

The average rate of descent for the airplane during the
approach, up until the time of the event was 856.73 feet per
minute. However, the rates of descent varied from 2000 feet per
minute to a climb of 350 feet per minute. These rate of descent
points were taken from the point were 50 degrees of flaps were
applied.

Examination of the training program showed that tail strike

awareness is taught and the training objectives coincided with
:he information in the airplane flight manual. However, the

{Continued on Next Page)
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FACTUAL REPORT Occurrence Date: 11/04/94
AVIATION Occumence Type: Accident

Narrative (Continued)

training objective stated that with 35 degrees of flaps extended
the pitch attitude during approach should be 6 degrees; at flaps
set to 50 degrees, the pitch attitude should be 5 degrees. There
is no reference to descent angle.

According to a representative of McDonnell Douglas Aircraft,
those are nominal numbers for the flight crews to show an
example of the approach sight picture. It was stated that a
stabilized approach is very important and that a 2 degree
variation of the pitch attitude during the final phases of the
approach is not a very stabilized approach, "considering the size
of this airplane."

The training program also listed a section dealing with
transfer of airplane control. The training program did not list
any specific method for performing the transfer of airplane
control. However, on page 7-7 of the MD-11 flight manual, a
specific procedure for the transfer of airplane control is
listed. According to the Federal Express Flight Operations
Manual, page 2-10, there is a discussion about airplane control.
It states in part, "At any time, during ground or f£light
operations, if the First Officer is controlling the airplane and
the Captain becomes concerned about the airplane's flight path or
ground track, the Captain must take physical control of the
airplane and state 'l have the airplane.' The First Officer must
then completely relinquish control of the airplane." The Captain
did not use any verbal commands in this accident to acquire
control of the airplane.

Discussions conducted with the Federal Express Training
Department and the Standardization Department revealed that the
standardization department was responsible for the information
taught by the training department. The Training Department
stated that they had trouble getting the most current information
through their company distribution system. The training
department indicated that they would like to implement training
procedures based upon information given in the various McDonnell
Douglas publications, such as "All Operator Letters" and "Know
your MD-11" letters. Individual instructors in the Training
Department stated they receive the update information faster by
getting the publications directly from McDonnell Douglas
Aircraft.

The distribution of these publications, within Federal

Express, is handled by the Standardization Department. One
individual in the Standardization Department is responsible for

{Continued on Next Page)
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FACTUAL REPORT Occurrence Date: 11/04/94
AVIATION Occurrence Type: Accident

Narrative (Continued)

reviewing the documents/publications and routing the documents to
their destinations such as maintenance, operations, Or training.

According to the Standardization Department Manager, the
company separated standardization and training as a method to
check the guality of training. However, the Standardization
Department is responsible for the curriculum information sent to
the Training Department. The manager stated, "they teach only
what we tell them to teach.*®

There was no written procedure for training program
development or distribution of publications.

ADDITIONAL INFORMATION

The MD-11 airplane is egquipped with a dual chamber, main
landing gear, shock strut. If this strut is not serviced
correctly, it may cause the airplane to rebound more than usual
during landing. The landing gear struts on the accident airplane
were examined and found to be over serviced with both fluid and
nitrogen. According to McDonnell Douglas Aircraft, this strut is
very difficult to service and there is no simple way for the
flight crew to determine whether the strut has been correctly
serviced. The traditional method of strut extension examination,
as used by most flight crews, is not a valid method for
determining correct servicing. The amount of strut extension is
dependent on many factors, such as airplane gross weight,
terrain/ramp slope, or fuel load distribution. These elements
may lead to uneven strut extension. McDonnell Douglas Aircraft
stated that if the strut is not leaking oil, and it was serviced
correctly during maintenance, it should cperate properly.

According to McDonnell Douglas Aircraft, they do not feel
that the landing gear strut over service problem has been
attributed to the cause of any tail strike in the MD-11 airplane.

They do believe that the rebound potential created by the over
servicing could assist in aggravating a pilot induced oscillation
during an unstabilized touchdown.

According to Federal Express, the main landing gear struts
are checked only when the airplane gets a "B" maintenance check.
There is no way for the flight crew or line maintenance crew to
determine if the struts have been properly serviced. Federal
Express did not have a written procedure in place, for flight
crews or line maintenance crews, to determine the servicing level

(Continued on Next Page)
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Narrative {Continued)

of the main landing gear struts.

National Transportation Safety Board Supplements C, D,
I, were not completed or submitted with this report.

and

FACTUAL REPORT - AVIATION

Page 1N




Thre spaa tor banding

National Transportation Safety Board NTSBID:  ANCS5FA008

FACTUAL REPORT Occurrence Date: 11/04/94
AVIATION Occurrence Type: Accident
Landing Facility/Approach Information
Airpoit Name Airport ID | Airport Elevation | Runway Used} Runway Length | Runway Width
ANCHORAGE INTERNATIONAL ANC 124 FtL.MSL} 06 R 10897 Ft .l 150 Fr.

Runway Surface Type: Asphalt

Runway Surface Condition . |Dry

Type Instrument Approach : ILS-Complete Visual

VFR ApproachiLanding : Straight In

Aircraft Information

Aircraft Manufacturer Model/Series Senal Number
MCDONNELIL DOUGLAS MD-11/F 48604
Airworthiness Certificate : Transport

Landing Gear Type : |Tricycle-Retractable

Homebuilt Aircraft? No Number of Seats: 6 Certified Max Gross Wt. | Number of Engines |/
Stall Warning System Installed? Yes 625500 LBS 3 -
Engine Type Engine Manufacturer Model/Series Rated Power
irbojet GE CF6-80C2DIF 60240 Lbs
- Aircraft Inspection Information
Type of Last Inspection Date of Last Inspection |[Time Since Last Inspaction | Airframe Total Time
Continuous Airworthiness 10/17/94 227 Hours | 3974 Hours
- Emergency Locator Transmitter (ELT) Information
ELT installed? Yes ELT Operated? No ELT Aided in Locating Accident Site? UNK/NA
Owner/Operator Information
Registered Aircraft Owner Street Address
2837 SPRANKEL, HANGAR 7 2ND FL
FEDERAL EXPRESS, INC - -
City State | Zip Code
MEMPHIS TN 38118
Operator of Aircraft Street Address
. .
Same As Reg'd Aircraft Owner City State | Zip Code
Operator Does Business As:; Operator Designator Code:

- Type of Certificate(s) Held:

Air Carvier Operating Certificate : | Supplemental

- Terating Certificate: Cperator Cenrlificate:

. «gulation Flight Conducted Underr 14 CFR 121

Type of Flight Operation Conducted: Non-Scheduled International Cargo

FACTUAL REPORT - AVIATION Page 2
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National Transportation Safety Board NTSBID: ANCSSFAQ08

State |Date of Bisth

FACTUAL REPORT Occumence Date: 11/04/94
AVIATION Occurrence Type: Accident
First Pilot information
Name City
FREDERICK FERGUSON JR. BRIER
Sex: M| Seat Occupied: Left Principai Profession: Pileot-Civilian

Certificate(s) : ATP

Age
54

Certificate Number:___

Airplane Rating(s) : ME Land

Medical Certificate Status: Valid Medical-With Waivers/Limitations Z,

Rotorcraft/Glider/LTA : None
instrument Rating(s) : Airplane
Instructor Rating(s) : None
Type Rating Endorsement for Accident/Incident Aircraft? Yes Cumént Biennial Flight Review? Yeg
Months Since Last BFR |BFR Aircraft Make BFR Aircraft Model Medicai Certificate: Class 1
1 MCDONNELL-DO MD-11 Date of Last MedicalExam: g5 /17 /94

Source of Pilot Flight Time Information : Pilot Rpt
light Time Matrix | Asac | ot | e wrctngne | M0 | T e | ot | e | S
Total Time 1208411216
Filot In Command (FIC)
Instructor
Last 80 Days 103
Last 36 Days
Last 24 Hours &
Seatbelt Used? Yes |Shoulder Hamess Used? Yes | Autopsy Performed? No Toxicology Performed? No

Person at Controis of Aircraft at Time of Accident/inciden!: Both Pilots

Second Pilot? Yes

Flight Plan/ltinerary
Type of Flight Pian Filed: IFR

FACTUAL REPORT - AVIATION

Departure Point | State

KANSAI JP KIX
Destination | State Airport Identifie /é’

Same as Accident/Incident Location
Type of Clearance : IFR
Type of Airspace ; Class D

¥ "'eather Information
wource of Briefing : | Flight Svc Sta | PATWAS Company
: . Tz 777 7

Method of Briefing© | 1n person Telephone 7 % / / /
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FACTUAL REPORT Occurrence Date: 11/04/94
AVIATION Occurrence Type: Accident

Weather Information

WOF ID | Observation Time |Time Zone | WOF Elevation |WOF Distance From Accident SitejDirection From Accident Site

ANC 1050 AST 124 Fi MSL 0 NM 000 Deg. Mag.
Sky/Lowest Cloud Condition. Scattered 8000 Ft AGL | Condition of Light: Daylight

Lowest Ceiling: Broken 11000 Ft. AGL Visibility: 20 SM | Altimeter: 28.78 "Hg
Temperature: 29 F| DewPoint. 17 F | Wind Direction: 160 Density Altitude: UNK/NA Ft.
Wind Speed: 3 Gusts: Nene Weather Conditicns at Accident Site: Visual Conditions
Visibility (RVR): Ft. | Visibility (RVV) SM | Intensity of Precipitation:

Restrictions to Visibility : None

Type of Precipitation : None

Accident Information

Aircraft Damage: Substantial Aircraft Fire: None Aircraft Explosion: None

Classification:. US Registered on US So0il, Territories or Possessiocns, or Intl Waters

- Injury Summary Matrix Fatal Serious | Minos None TOTAL

First Pilot i 1
Second Pjlot 1 1

Oual Student

Check Pilot
Fiight Engineer

Cabin Attendants

Othar Crew

Passengers
TOTAL ABOARD 2 2
Other Alrcraft
Other Ground

GRAND TOTAL 2 2

FACTUAL REPORT - AVIATION Page 4
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National Transportation Safety Beard NTSBID: ANCS5FAGOS8

FACTUAL REPORT Occumence Date: 11/04/94
AVIATION Occumence Type: Accident

Administrative Information

investigator-in-Charge (11C)
GEORGE KOBELNYK

Additional Persons Pasticipating in This Accident/Incident Investigation:

GEORGE MCCAMMETT
FSDO 03
ANCHORAGE AK 99502
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mm-,-";g: B h 3 F Instrument g Ottt
oo e b anae | g Mooe wuli Engine| Nignt | Actuar | Simulates | Rotorcran | Graer | ThanAr | Coos

35 Tolsi Time _@g‘ 5_5—

U Pliot in Command (PIC)

37 Instructor

3% Las! 90 Days S—g

40 Last 30 Days

&1 Last 24 Hours é

42 Landings—Last 90 Days— AR Aircrafi—Day |43 Landings—Last 90 Days— AB Arcrati—Night |44 gncﬁ:go—l.nl 90 Days—This Make/Model—
ay -

Soe NARLATIVE A /A Soo MIRRFTIVE _

A Other A Qthet _ A Other

45 Landings—Last 90 Days— This Make/Mode— 1 48 Seatbait Available 47 Seatbeil Used

Night 1x Yes 1 Yes

N/j& 200 No zguo

A Other A Oiher A_Other

43 Shoulder Marness Avaliabie{ 49 Shouider Hermess Used 58 Autopsy Performed — [ This Pitor) 51 Torxicology Pertormed — (This Pilot)
13 ves 1 Kl ves 1 3 ves 10 ves
20 no 20 no zﬁne ?FNO
A Other A Otner A Cither Other
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FORM APPROVED FOR USE THROUGH 11/30/90 BY OME NO. 3147-0003%,

Nearest City/Place, State, Zip Code
Anchorage, Alaska 99518

Dete of Accidant

NATIONAL TRANSPORTATION SAFETY BOARD
PILOT/OPERATOR AIRCRAFT ACCIDENT REPORT

This Form To Bs Used For Reporting Civil Alreraft Accidents
Involving Commerciai and Gensral Aviation Alrcraft

LocaiTime
(24 HOUR CLOCK])

November &4, 199 19252

Feet MSL
Foet MSL

i The Accident Occurred On Approsch, Tekeof! Or Within 3 Milss Of An Alrport, Complete The Following Information

Proximity To Airpost:
1.XX On Airport
2.0 Within 174 Mile

3.0 wahin 172 Mite
4. ] Within 34 Miie

5.0 Within1 Mils
6.7 Within2Miles

7. Within 3 Miles
8.7 Bayond 3Mitas

4.0 Climb

8. [KXLanding

PR

O T

Airport Name Airportidant Runwawungin Surface And Conditions:
1. Ditection: 3. Width:
Anchorage International PARC 2.Length: }0,8974. Surface: Grooved _S.Condition: Dry
Phase Of Operstion:
1.0 Standing 3.0 Tekeoft §.1 Cruise 7.0 Approach 9.7] Hover’'Mansuver
2.0 Twa

4. KX Continuous Airworthinass

4. ¥continuous Airworthiness

Registration Mark Alreralt ‘l‘ypo
NE11FE MeDonnell-Douglas MD~11/F 625,500
Typs Of Aiccratt Type Of Alrworthiness Certificate Amateur Sult
1.EX Airplane 5. Blimp/Dirigibia 1.0 Normal S.[ Restrictad 1.0 Yes
2.[7 Hulicopter 6.7 Ultratight 2.3 WUtility 6.[] Limitad
3.0 Giider 7.3 Gyroplane 3.3 Acrobatic 7.0 Experimantal 2. o
4.7 Balloon 8. Spucify 4. JXTransport B. Specify
Landing Gear No, Of Seats
1.3 Tricycle—Fixed 4. [ Taiiwheel—Retractable 7.0 Skid FiightCabin
2.KX Vricycie—Retractable 5.[0 Tailwheel—Retraciable Mains 8. CISki'Whee! Crow
3.0 Teilwhesti—Fixed 6.3 Amphibisn B Specify Pax
Stall Warning System IFR Equipped EngineType
tntaled
1. B ves 1.8 Yes 1.[] Rsciprocating—Carburetor 3.00 Turbo Prop SX% TurboFan
2.0 No 2.0 No 2.0 Reciprocsting—Fue! injected 4.7 Turbo.ist 5.0 Tusbo Shaft
Engine Manufacturer Engins Model/Series Engine Rated Power Yype OF Fre Extinguishing
- Syztom Used
General Electric CP6~80C2DIF 1 - Horsepower ., 0 1.[X None
2 2% tos Thrust 982240 15 soecity
[ Engineis} Oataofiiig. |y, Sevisiio. Totsl Tims Time Since Inspection Time Since Overhau)
' Engina No. 1 7=93 702916 3874136 Houn Hours Hours
| Engine No. 2 7-93 702919 3974:36 Hours Hours Hours
| EngineNo. 3 7-93 702918 3974:36  Hours Hours Hours
EngineNo. 4 Hours Hours Hours
Type OFf Malrtananos Program Type Of Lastinspection Date Last inapection Performed
1.03 Annus) 1.6 Annuat MDY}
2.0 Manufacture:'sinspection Progrem 2.C] 100Hour Tima Since Last inspection
3.0 Other Approved inspection Program {AAIP) 3.0 AAIP 22 Hours

7
g 31

55pcity — — . Hours
Emergancy ELT Manulfascturer Model/Series Gerial Number M%M
Yranamitter L IME_Corporation -

Ben Swritch Operated Alded In

¢ t.0Oon 200# 3KKamed 1.0 Yes 2B No 1.0 Yes 2.88No

Registerad Aireraft Owner Address __ 1100} N, Market S, Rodney Square N

—— ——Wilmingtony, BE—19890

Operstor Of Alroraft Address

1.{3 Same As Registered Owner 1.0 Same As Registered Owner

2.Name z. 3101 Tcholahoma Rd.

3.08S: pederal Express Corporation —Momphiay, TR-—J8Li8
KT Fern $120.172 {Y1/87) This form repiaces NTSS Forms 6120.1 (Rev. 16/77) and 81202 (Rev. /7). Poge ?




Ratingis) instrumaent Ratingls) instructor Ratingls)
1.3 Nons 6. Halicoptsr 1.0 Nona 1.3 None 6.0 inmtrumant Airplane
2.1 SingleEngine Land 7.0 Glider 2.0 Airpiene 2.0 Airplans S.E. L[ tnstrumaent Helicopter
3.7 SingleEngine Ses 8.3 FresBaticon 3.0 Helicopter 3. AirplaneM E. 8. Groundinsteuctor
4R MultiengineLand 9.[] Aieship 4. Malicopter 8 Specify
5.[] Muhtiengine Sea 10.71 Gyropisns S.[] Glidet
Type Ratings/Student Endorsements Dats Of Bionnia! Flight Review BFR Aircraht
MD-11 Or ““’5;};‘;’;;:”’ 1. Make MD-11
2. Mode!
Maedical Cortificats Dete Of Last Medicsl Limitations Dats O Birth
1.0 None 3.0 Cisss2 [MPV NONE -55
2X¥ Class 4.[7 Ciassd 10/25/94 Walvers
Of Injury Sest Ocoupied Sast Bott Avaliable
Nons 3.(J Serious 1.3 Leht 3.[] Center 5.0 Rear 1.[§ Yes
2.0 Minor 4.1 Fatai 2. KX Right 4.[] Fromt 2.[J No
SontBolt Bhouider Harnses Shoulder Harnees Sowrce Of Piiot Fight Timetnformation
l? Avallable Used 1. PitotLogbook 4.[g Company
1.[F Yes 1XY Yes 1.6% Yes 2.3 Operators Estimate §. Spwecify
2.0 No 2.0 No 2.1 No 3.0 FAARecords
ThisMaka | Aiplana | Airplene . (nElrument Lighter
Fight Tima Al AT & Model |SingleEnginsMultisngine| Night Actunl | Simulatad |Rotorcraft Glider Than Air
Tots) Tims 553456
Pilot In Command {PIC)
Instructor
This Muke/Mode! — .
iLast 90 Deys 33:46
Lest 30 Days
iLast 24 Houry 6:42
Other Personned
Passenger Dagras Ofinjury
Non- l Non.
Name St Address {City & State} Crew Revenus|Revenue Occupant FAA | Fatsl Serious Mincr Nong|
1.
ra
3
4,
5.
8.

2.CityPlace _RANSAT 5.0 Company (VFR)
3. Stete ____JAPAN . 8.0 Military [VFR}

HWMW&MMRWMMW&WGHWMMMMMMkW&WM
60 SCT M-80 OVL 35 856/32/30/20/3305/910/ SWU NE-SE THN OVHD

Fuet On Bosrd At Last Takeolt Fusi Type
Gallons 1.0 8087 4.0 115145 7. Specify
or 2.0) 100Lowtesd 5.0 JotA
—26.3M poynds 3.55 100130 6.0 Automotive

Othar Services, ¥ Any, Prior To Departure

=

T ]

+
i

Soues Of Weether Infomration u.m .

Pio/Operator, Weather Ohesrvation)
Operator Wx Observation

§.{7] DerkNight

1.3 Dawn 3.3 Dusk
2.0 Deylight  4.[7] Bright Night
Page 3




Sky/Lowsst Cloud Condition
Setting 1.0 Ciear 4.3 Overcast Fest AGL
23 I'F) 29.14 “Hp 2.3 Scattersd LLFQM AGL §.[5 Partisl Obscuration
: 3.3 Broken Fast AGL 6.0 Obscuread
Wind infoemation
1. Direction 166 Restriction Yo Visibilty TypePracipitstion | Intansity Of Precipitation
a G::‘:’W KTS 90 Miles N/A 2.1 Madersta 4. Spacify
Turbylenoe (Multiple entry}

1. None 2. BXtigm 3. [ Modarate 4.7 Severs 5.3 Extramne 6. ] Clear Air 7. {j in Clouds
o h F T T e B €T S S SRS 2
bogroo Of Aireuh D-mno
1.0 None 2.[] Minor 3. fggSudstantial  4.[] Destroyed

3. in-Flight
4. OnGroundg

Description OFf Damage To Aircrait And Other Property

Approximately 32 feet of skin damage on th underside of the tail section. Aft pressure
bulkhead buckle and VHF antenna gheared,

e m = — st
.',_“__‘ 7 e ..._..;,m ol “"““1. Pretis T ﬁ#mum\a-..m "hﬁﬁr?ﬁ,.. ez T

1.1 No t.mlrm
2.0 Yes List The Namse Of Tha Part. Manutacturar, Part No., Seria! No.
And Oescribe The Failure OnPart At Ovarhaul

Hours Hours

Collision Aceldent

H Collison Accident Occurred, Complete The Information For Other Aircralt

Registration mark Ajrcralt Manufacturer Aircraft Type/Model DegreeOfAircratt Dama ge
1. Deatroyad 3.3 Minor
2.[J Substantist 4.3 None

Registerad Aircratt Ownar Addrese

#hot Certificate No.

e e

'.' - gf-“‘ ﬁl e —m;,.qﬁt:‘aL S

e — =
AR el __-:.:'n'" wﬁrﬁ -

1.0 Cutsice Personis) 3.0 Slide 5. Ladder
2.[0 Auxifisey Lighting 4.03 Rope . 5. [ Specify

Method OF Exit {State Approximats Number Ot Persans Using Esch Of The Following
1. Maanoor —XXX_ 2. Auxiliary Door___. 3 Emugmey Exit

Opmtoﬂmer Saloty Rmmmondnion tOptiwl Entry}




Describe What Occurred In Chronoiog:cal Ordar The Crmumumces Lesdmg To The Accident And The Nature Of The Accident. Dncnbﬂ The
Terrain And Include A Sketch Of Wreckage Cistribution i Pertinent. Attach Extra Shests If More Space is Neaded. State Point O Depanure, Time
Of Departure, intended Dostination And Services Obtainad.

We were cleared for visual approach to runway 6R behind a JAL 747. We flew the ILS
to runway 6R handflown below 1000° by the First Officer. The ILS guidance was followed
to 100' then visual to landing. Flare was started £€50', we made a hard landing and the
nose pitched up. We both pushed it over and landed. Rollout was normal. Damage to
the tail section was noted.

Pilot's Statement

_ e o S § WWW P Tk D
Date Of This Report

11/ 20/ G
Signature Of Perion Filing Report Other Than Pliot/Operator
1. Signature

O Py Ll

2. Type Or Print Nama
3. Title

N ] Ty © R e Tl g AT TR,
A R TR I e e e e

Fage §




SINNY ]

MD-11 STANDARDS PROGRAM FOR
SIMULATOR TRAINING

iI. Briefing Items:
A. FMS/Glass Cockpit Philosophies
B. PF vs PNF Duties
C. Captain Training vs First Officer Training
D. Windshear
E. CrossWind Landing/Adverse Runway Landing Techniques
F. Taxi Techniques/Use of Thrust
G. Use of FCP/GCP
H. Use of Anti-Ice
1. TakeOfY Technique: Normal vs V 1 Cut (loss of 1 or 3 vs #2)
J. Tail Strike Awareness: TakeOff and Landing
K. Flows:
1. Cockpit Set-Up: Captain/F/O
2. After Start
3. Cleared to Configure
4, Before TakeOff Checks
§. After TakeOff Checks
6. Before Landing
7. After Landing
8. Shutdown
L. Profiles:
1. Normal TakeOff: Manual/FCP vs AUTO
2. V1 Cut: ManuaV/FCP vs AUTO
3. One Engine Inop Approach
4. Loss of Second Engine
5. Non-Precision Approach
6. Two Engine Inop Approach
7. Steep Turns
8. Stalls




65-30-1995 P3:56AM  FROM FedEx.FlySafe 10 124315927271 3007

m- FLIGHT OPERATIONS MANUAL

ETANDABDIZATION

The nie of standerdization enbances safety and efficiency by logically myigning
o different crew meabers responsibility for tbe accomplishment of required
tasks. The v of sumdasd procedwres reduces the burden of planning wnd
provwtes confidence and precision within the crew. Any crew member who
observes anonsiandand procedure that bas not been explalned shall immediately
cal! this deviatdon % e atiention of Gie olher crew prembers. Not all eventgali-
Ues can be foreseen, However, it bas been well proven that the best opemtions
occor when & bigh level of planning, communication, crew support, and
standasdization exist. T isa goul of Flight Operations to achieve s precise level
of standxzdization Gt discourages unsafe pracices, carelessnesy, ond the
development of individualized procedures, but not 30 high that eperntional
Dexibility, good judgment, and professionalism are discoaraged.

ARPLANE CONTROL
mwnumwummmmammmww times, This
roqeirement mwst be satiafied before conducting any other cockpltactivity, The
wae of e avoniiot docs wot adier this requisement; it simply repiaces one means
of control with another. No element of doubt must be allowed 1o developas 1o
whiich of the pilots is contmiling e airplane.
MWMMWydmmhmbe questioned rad
satisfactorily resol ved before that operation is confucrey ox continued. -
Atany time, during ground or Right operations, if the First Officer ls contrulling
the sirplanc and the Captain becores conceried about the sirplane’s Hight path
or ground ack, Ue Captain must take physical control of the amiane nnd stnre
*T bave the sirplane.” The First Officer must then compleiely relinquish controt
of the sirpiane.

1 2-10 7 DEC 1994

F.0%

TOTAL P.OS

e W

[ ———
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MD-11 FLIGHT INSTRUCTOR GUIDE _‘/__———/

TRAINING OBJECTIVES

INSTRUCTOR NOTES

SCAN

REVIEW

PRE-BRIEF
As required {0 adacquately address the training events to be cov-
erad during the period.

TRAINING OBJECTIVE
Buiid pliot conficlencs in the basic capabillties of the MD-1 1 through
hand tiying exercises (no autotiight) and the use of only basic
instrumentation {no ?MS}

DISCUSSION
+ Basic instrumant Procedures

* Non Precision Approaches

« Procedure Tums

* VOP Computation

» Flap/Siat Scheduis and Approach Configuration
» Plitch Attitude Refersnces
+ Stalis

» Cloan Configuration

* Takeolt Configuration

» Landing Configuration
= Tall Sirike Awareness In the landing phass - Discuss taning
techniques 10 be avoided to prevent lalistrikes

« A pitch angie »12°* on the PFD may cause & tall sirike

« Nominal plitch angie a1 touchdown {1.25Vs) with zero rate of
descent andg idie thrust will be at about 10°

» A normal appeoach with fiaps at 35° yislds » 8° pitch refer-
ence on the PFD - with flaps 50° the pitch is 5

* Al 1.3Vs the pitch angie will increase approximately 1°.

» Talisirkes can also oocur in approaches with high rates of
dmmondm:ﬂmlwthantwaln.m"hgmm
&nd floating in an attempt at & smooth touchdown.

« High descent rates on final with late, abrupt fiares can

CEUSS akelrices dug 10 high rotational inertia forces

*» The nose-up piiching forces generated by automatic ground
spoiler depioyment at main gear spin-up can also contribute 1o tall
sirikes

= Noss-up pitching forces are magnitied # the automatic
spoiler deflection teaturs maiunctions and goes 10 tull defiection
on Mein gear spin-up rather than delaying until the nose gearis on
the ground.  The nose-up piiching moment generated in this sce-
nario will be exagoerated and must be aggressively countered i a
tall strike is 1o be avoided.

« CAT { Approsches; missed approsches; tandings
= Crosswind landings ’

Faderal Express Flight Training JANUARY 1993
Page $1-1

oyt




MOS€2-1954 1127 FROW OM AT OPS LOUGLAS AIRGT To 0179778 p.a3

Pltio 7T s

D’ _ IEYYER W), 3
DATR: April 14, 1993

s ALL ¥D-11 OFXRATCERS
TROM: mmm-mmmmm
SURJIECT: mmum

mmrm»zx-mmmumxmumummm
Operaticns Customer Service. muhdumhnoumumn
the tiss of publication, and it is intendad to pruovide iaforsstion omly.
Mamnmmmmmmummma.m.m
Alrcraft Flight or Flight Crew Opecating Maguals, the efficial mmmals are
mruuu:m:ymmmmuuumm.

Oum'tnm!mm-u'mhtmﬂnhwmm.un
as-needed basxig. Itmfhlttwu.wumhnam,ﬂw
lmmmtnahtmum.phmmtutmmnthm
balov; we would 1like to haar from you.

Art Torosima
DOUGLAS AIRCRAYT OOMPARY
IITERSAL MAIL CODR 94-26

3853 Lakewcod AW,
long Baach, Califoruia 90846

huthuthun-iumbumm.mum
operators, for adviss mm hov te get guod, consistent, esfe landiags with
their new airplasa. hmmmmmumaqm
pﬂm.-‘.ﬂuthblhht

(LA s
Wl -Spmf_
Theotk— e
AVRIOAVRNEL SOLARLAE




NO-E82-1704 11:27 FROM mﬁ‘.T-CF?S-MRImIT.D -

RN TOUR MD-11 latter So. 3

The landing characteristics of the MD-11 are vary conventiocnal for an
sircraft of its size and weight. Flight controls are respcusive, wgl)
balanced and predictable, and with's little practice, pilots-are able to
ochisve cousistently smooth, well coutrolled landings vary close to tha
dexzired point of touchdown, '

have gquast.

The Yollowisg {s a phase-by-phass discussica of proven
tachniquas vhich say balp you to achisve consistemny; 1if you- tions
orndviuﬂntmmddlﬂaumtuluﬂdlnﬁmim.‘phmhtm
baar from yeu, ' -

T

ND-11 LANDING CEARACTERTSTICS AND TNCEMICKES

Vizual Approsch .

The aircraft should be stadllised in the fiaal osnfiguration, on &
descent flight peth snd on speed, with sppropriate vind and gust corrections
spplied to V¥ by 1000° AR. If the sircraft is pot stabilised 00
_-i‘i»mmum. Rata of should not axceed
1000 fra balow 1000°'. The visual aimpoist to previde s thresheld clearance
haight of 47* oa &4 3.0 dagresa glidaslops shomld de appreximstaly 1700°. This
nnmampmwm,m'mmwﬁm
a flare. mmmmmﬂmmnumum

!

&




oracTizie 11:38 FROM GM FLT OPS DOUKGLAG AIRGET TO 89917974789
oW TR WD-11 latter No. 3
Page A of ¢
ari2 13, 2093

disengages, and eny Dose-up slevato? command would be washed cut within ]

Fo“

neond.Ma:llghtdmhthnuuytpwjmumthfhn.
Tram a practical stsndpoint, this oose lowering would be barely perceptible,
tauchdown. .

and of little consequence to the flate and
Thess additionsl guidelines are wmphasized:

i.  Autothrottlas should be used for sll Jandings. The reduotion of —

Povar, starting gradually at sbout 50 fest and cent

through
the flsrs, compleasuts a emooth transitios to o wall ceatrolled and

timaly touchdewn. Tha Autothrottis will continms to move the
thmﬂuuadhi!mllndyhuhutm.

2. Hlmdnaldmttﬁnthmbllknhﬂqthﬂm. Such

3. 2uperiemce hes showi that approaches vhich result ia large pitek

hold-offs, floats, hard touchioms, sebounds and tail

steikes. mmmumxymim&muma

Proper crossviod ¢orrection and sre aspecially riaky on
m:duutmn;hm. A dartabilized approsch is a
compulling

Cn a wet and/er slippery surfece every effort should be -io‘umtht
mmhmndm“mhw.ﬂm

mu:uuumummmwmu;uurmu

Zsch of tha thras aircraft systems, Alr, Mydraulics amd » has & specified

Mmthhhuoqll“bmﬂmwwmw.m

during cookpit preparstion. In azamining the causes of instances in which
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$amabs | MD-11 FLIGHT MANUAL
LANDING PROCEDURES Vs atiouchdown, the pitch attitude willbe 10°. However,

LANDING FLAP SETTING

Norma! tanding flap settings may be flaps 35° or 50°
depanding upon conditions.

Omorrrmofmwwngeondﬁomnﬂwcam
.ﬂapswwmmomwwﬁnghpm.

* Short runway.

¢ Tailwind,

* Contaminawd runway.

* Early turn off or shortening landing roft.

* High landing gross weight associated with any of
the above iems.

SELECTION OF FLAPS 50°
Pracision Normally after 35° and below fiaps 50°
Wmit speed.

Non-Precision Prior o FAF sxcept f distance from fix
0 runway is unusually long, maintsin
flaps 35° untll visuai contact with the
runway and in a position 10 intercept a
nomma! deacent profile. In any case,
the airpiane, should be in the final
configuration prior 10 deacent below
MDA,

Visual No (ater than 1000 . above TDZE.

FINAL APPROACH CONDITION AND TOUCHDOWN

The desired visual final approach condiion consists of o
3° glide path and the sirspesd at Vapp.

Vapp is adusted for wind effects. Target approach
spead is Vapp for landing in reporied winds up 1 10kds
Seady state. When landing in higher wind conditions,
80d 1/2 the steady heedwind component pius the ful
value of the gust o VREF. The total additive should not
axcesd 20 kis.

Early stabilization of airspeed, power and descent sate
are sssential 10 & Qood lending. For normel fanding
configurations, the descent rate will be 850 1 800 ft per
minuts. The pitch attitude is 5° for the MD-11 with the
flaps set at 35°, mid CG, on a 2.5° giidesiope 8t VApp.
in the hypothetical case, If the airpiane is flarsd o the
zero rate of descent with idie thrust and 2 speed of 1.25

J 700

m:mlmﬂhdMatwm.mm
attitude will normaity be 8° to 9°. Landing with a 50° Rap
mmmmmmm
in ak cases. This body angie creates a relatively high
@ye Wevel position in relation 10 the landing pear. For the
transitioning pilat this frequently makes him want to
lowef the aivplane’s nose {duck under) when going VFR
from an instrument approach or when approaching the
thrashoid. The aiming point is 1,500 #t % 1,800 ft down
the runway (40 1o 60 #t threshold clsarance) in contrast
toﬂ\oi.ooonpoinuudonmhrm.ﬂumdo
altimeter is & good guikie t assist in determining the
correct position for crossing the threahold. The radio
altimeter is bianed 10 accurately indicats the height of the
lowast part of !he main wheels above the emain. Radio
mmﬂmwwummhmm
whee! height 1o touchdown. When ssated in the proper
sea! position the threshoid should disappear under the
noss at 78 R radio aitituda. Atany time the radio altitude
is observed 1o be 75 Rt o legs, and the approach end of
the runway is stillin sight, the airpiane is dangerously low
and cofractive action should be immediately taken. One
of the most important factors which may lead to ground
contact with the tadl is holding off in the izre which aliows
the aiplane © float prior 10 fouchdown. Trmming the
stabikzer oc legving the power on throughout the flare
will contritute 10 fiaring 100 iate. Flaring 100 earty or
abruptly will cause fioating in ground effect which rapidly
uses the runway. Iif speed is excessive, it is still betier
o aet the alrplans onto the nunway as nas? the 1,500 it
point as poasibie rather than aliowing it tc: fioat in order
to bisad off airspeed. Decsierztion on the runway is
about 3 imes greater than in the ak. On touchdown, It
ia important 1 lower the nosewhesi 1o the runway and
hold a positive forward Dressure 10 COUNEract Noee up
pitching tendencies. Whan this is done, the wing angle
of attack is decreasad, resulting in minimum i, which
places more weight on the main gear sconer. This not
only increases roling Fiction bt increases braking
sfiactiveness as wel. This procedure is five imes more
effective in decelerating the airplane than that achisved
from hokding the nosswheel off. Do not use aerody-
namic braidng.

HOTE

Ground spoiier deployment causes noss up pitch-
ing moment. This eflect is most noliceabls at aft
canters of gravily. itie important 1o check the nose
up pltching tendiency with 1orward preasse onthe
control column and smoothly iower the nosswheel
10 the runway. Holding sufficient forward prassure
on the confrol column keeps the nosswheel on the
nway and incresses nosewhee! steering ellec-
tivenees.
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Adjust this pich attitude as required 1o accalemts o
VMIN. Rotate smoothly 1o maintain VMiIN but do not
axcesd the pitch kmit indicator, When
mmmmmmmmmm
lirphmhumvmumonuylﬂm.ﬁnml
MAneUVeEr is COMpiste,

ACCEPTABLE PERFORMANCE GUIDELINES -
STALL RECOVERY

Maintain positive airplane control.
Heading: + 10° whers appiicable.

No sink rate during entry.

Recovery shoukd be positive but smooth, Avoid
secondary indications of stall; reactivation of the
stickshaker is acceptabie.

*  Litthe or no aktitude loss during recovery.

COMMON ERRORS - STALL RECOVERY

. g & descent 1o prior 10 & stall
Allowing develop

» Tonchgblowaumbob\vmm.
Mhmmmmmm.-bnm
mhgmmmummmmw
by induced G loading.

. Emmmmmmomm.

* Not applying encugh thrust when the throtties are
advanced and failure 1o call “frewal power* when
nNeCossary.

. culhgiorgnunphouﬂyormlpwm
rateof cfimb.

¢ Atempiing 1o use rudder insteed of allecons ©

used during stall recovery as this could result in an
abrupt roli).
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MD-11 FLIGHT MANUAL

ane maintained requires atiention o proper wchnique
and a thorough knowiecdige of airplane performance and

TAKEOFF

Dmawm.mnmwvnand
m-wmwamu'pﬂ
second, M-off will ocour at a pich attitude of about 8
degress, which provides ampie ground clearance. It is
mnmumumwmm
rapid a rotation rate. This occurs when the sffective it
mmwmnmmm
thus the rapidly increasing pitch attitude results in a tail
strice because the afipiane has not yet achieved s
suflicient rate of ciimb.

NOTE
Tﬂﬂ“mmmmmdww
sacond or greater or pitch angies in excess of 12*
below 35 feet AGL.

Ammwwnmm\gm
woight wil result In a pitch atthude of spproximaisly 6°
airplane nose up. if the speed is decrersed 1 Vape
(13Vg) crossing the threshold the pich wit increase
approximately 1°. i the sirplane is Asred 10 & zem
descent rate with idie thrust, touchdown should be at
1.25 Vg with & 10° pich atitude.

NHOTE
Landing with Fizps 50° will decrease pich atthide
by approximately 1°.
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Executive Summary

In accordance with an agreement between the FedEx Pilots' Association (FPA) and the Air Line
Pilots Association (ALPA) dated June 12, 1998, ALPA has reviewed information provided by
FPA and certain additional material regarding the accident involving Federal Express Flight 14,
which crashed at Newark, NJ on July 31, 1997. ALPA has evaiuated the progress of the
investigation to date and suggested possible actions for FPA to use as a guide for their
subsequent actions as a party to the investigation.

In general, we feel the following areas merit continued attention:

* The Operations and Hurnan Performance report should go into greater detail concerning how
a visual approach that appears 1o have been flown well within established operational
parameters for a stable approach can result in an accident. The additional information will be
useful in efforts to identify anything that operators can use as training and education
examples to prevent recurrence.

® There should be increased emphasis in the maintenance aspects of this accident. There is an
unanswered question as to whether the existing hard landing inspection, with its "layered”
approach, can truly identify damage done by a hard landing. Similarly, the mamntenance
history of the aircraft, including at least two documented hard landings, is not included in the
data that was provided for our review.

® There are several areas where the manufacturer’s data is presented as results without the
underlying calculations that lead to those results. Thus, there is no indication of what
assumptions, if any, may be involved. There are also areas where the mathematical
calculations are incorrect. We feel this is a critical area in that this data could be
incorporated into other reports as fact when it s actvally analysis.

®* The NTSB Systems and Structures reposts provided for our review could be improved by a
more thorough examination of all possible causes. The current state of these reports may
reflect either 2 work in progress or simply a lack of available resources. However, more
detail would prevent the potential inference of a predisposition to view the accident as simply
poor pilot technique without regard to other possibilities.

Throughout our report, we have made observations and recommendations. Recommendations are
either implicit in the body of the report or explicitly stated. The explicitly stated ones are
compiled at the end of the report for ease of reference. It is important to keep in mind that these
observations and recommendations are intended to supplement, not replace, those that FPA has
already made and is pursuing.
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Introduction

This report was prepared pursuant to the agreement between the FedEx Pilots’ Association (FPA)
and the Air Line Pilots Association (ALPA) dated June 10, 1998. In accordance with that
agreement, the Engineering and Air Safety Department of ALPA has reviewed material provided
by FPA pertinent to the MD-11 accident at Newark, NJ on July 31, 1997 involving Federal
Express Flight 14 (FDX 14). This report represenis an evaluation of the state of the
mvestigation, comments and observations on products provided by FPA, and recommendations
for FPA action. The following documents were provided for ALPA review:

NTSB Operations/Human Performance Group Field Notes and Factual Report with
Attachment VI

NTSB Structures Group Factual, addendum to Factual, and Field Notes

NTSB Digital Flight Data Recorder Group Factual with attachments (includes DFDR tabular
data)

NTSB Systems Group Chairman's Field Preliminary Report of Investigation
NTSB Airport Group Chairman's Factual Report of Investigation ("Airport Group Factual”).

Draft copy of NTSB Performance Group's Field Notes and Airplane Performance Study with
Attachments (includes DFDR data displayed graphically).

Boeing Douglas Products Division (DPD) Sink Rate Analyses (provided to NTSB)
DPD Wing Strength Investigation
DPD Briefing on FDX 14 accident, dated 17-19 March 1998, with appendix

DPD Materials & Process Engineering draft report on FDX 14 accident with photographs
(provided to NTSB)

Hawker Pacific Aerospace Corp. teardown analysis of right main landing gear cylinder
Goodyear Tire & Rubber Co. tire analysis.
Bridgestone Aircrafi Tire Co. tire analysis.

Several packets of photographs (approximately 700-800 total photos) - sources generally
unknown (except for one package labeled "FAA photographs"}, but appear to be primarily
from DPD.

FedEx MD-11 Tailstrike Awareness Training handout, briefing, simulator instructor notes,
and simniator guide, all dated June 1996

FedEx MD-11 student guides for AST 3, 6, and 9, all dated April 1996

Extracts from the FedEx MD-11 Flight Manual, pages 7-45 through 7-47, 7-99 through 7-
104, 7-1-6-1 through 7-1-6-2, various dates, assumed to be current as of the accident date.

Numerous e-mail messages (printed) to/from DPD, FPA, NTSB, and consultants concerning
the accident.

Selected extracts from 14 CFR Part 25 (Federal Aviation Regulations) concerning transport
atrcrafi certification.

W]
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FPA made several attempts to provide ALPA with electronic copies of DFDR data to aid in the
analysis, but these attempts were unsuccessful. The photographs provided were generally not
dividually ideatified (with ID numbers, catalog references, or similar), although a catalog
document was provided. Many of the above documents contained photocopy reproductions of
photographs, varying in quality from fair to unusable. A limited attempt was made to match
some of copies (the more critical photos) in the documents with the actual photographs, but the
magnitude of that effort was generally beyond the scope of the agreement. Thus, exiensive
analysis of details contained solely in photographs was not done.

The following documents were obtained in-house by ALPA:

e Digital Flight Data Recorder (DFDR) data from other MD-11 accidents/incidents.
¢ MD-i1 Lamm Schematics

® MD-11F FAA Type Certificate data

* Jeppesen charts of approaches and runway at Newark

® Selected extracts from 14 CFR Part 25 (Federal Aviation Regulations) concerning transport
aircraft certification.

In general, we reviewed documents in the order in which they were created to be abie to evalvate
them in the context of the information that was available at the ume and to avoid introducing a
bias caused by later developments. The review included checking technical and procedural
accuracy, completeness, and general observations about the conduct of the investigation.
Although it was impossible to completely avoid our own independent analysis of the facts, an
attempt to identify and substantiate causal factors was beyond the scope of the agreed upon
effort. Since our review was limited to material provided by FPA, additional information might
exist of which we were not aware. We cannot guarantee that our observations and conclusions
will remain valid n view of such information.

We have organized our observations into categories that parallel the groups formed for a typical
NTSB investigation. Some observations are presented at face value with no specific
recommendation other than that which can be inferred from the observation (e.g. pointing out the
absence of a particular piece of data in a report suggests it may need to be obtained). For other
observations, we have attempted to develop specific recommendations for future FPA action.
Some of these actions are pertinent to the NTSB Technical Review and involve corrections or
additions to the factual record. Others are analytical in nature and will be more appropriate for
use in the development of the FPA Submission to the NTSB. Not ali of our observations are
about the NTSB reports or their conduct of the investigation. This i3 an important distinction to
make inasmuch as the NTSB Factual Reporis are necessarily limited to facts, as opposed to
analysis. Reports, studies, and analyses conducted by NTSB or aircraft and component
manufacturers have no such restriction. Since NTSB includes the expertise of parties to the
investigation to aid in the development of Factual Reports, it becomes critical to ensure that
itemns represented to be factual in the NTSB reports are the product of direct observation of
factual material, not derived conclusions.
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Specific Issues

Operational and Human Performance

Arguably the most significant aspect of this accident is how an apparently normal MD-11 visual
approach turns into an accident with no prior indications of impending disaster. The recorded
DFDR data and the crew interviews reflect a nearly flawless approach down to the initiation of
the landing flare. Parameters typically used to differentiare stable from unstable approaches all
reflect little or no variation. Airspeed was within 3 knots of Vggr, average rate of descent down
to fifty feet was 822 feet per minute, and the glide slope deviation was essentially zero. These
parameters, along with the "book" values, are presented in tabular form in Figure 1. It is oaly in
the portion of the landing maneuver below about 30’ that parametets are not stricily in
accordance with the guidance given to erews. Viewed subjectively, even that portion is not
significantly different from the guidance. The landing attitude s established somewhat late, but
the pitch is not excessive. The most significant deviation from published guidance through the
first touchdown 1s a positive pitch rate at touchdown. Even that aspect of the landing is difficult
to directly associate with the subsequent accident, since pitch rate is highlighted as an element
that contributes to excessive pitch up and tailstrike, neither of which occurred here. The landing
attitude was established late enough that the inertia of the aircraft could not be dissipated in time
to reduce the descent rate prior to touchdown, which likely lead to the firm touchdown and
bounce. The timing of the flare maneuver is not addressed in the material made available for our
review, To prevent recurtence, eventually MD-11 operators will have to teil crews what not to
do in order to avoid a similar accident. The Operations Group Factual should include references
to the landing guidance given to crews in the AFM or in simulator training.

The guidance referenced above is contradictory and inconsistent. For example, the MD-11
Student Guide says the nominal pitch attitude on final is 5° with 50° flaps and that the nomina)
landing attitude is 10-11°. The same guide says the flare maneuver used to transition from the 5°
attitude to the 10-11° attitude is a 2.5° pitch change. Between the flight manual and the MD- 11
student guide, a pilot can find references of a landing attitude of 7°, 8°, 8°, 10°, or 11°. The
tailstrike awareness guide refers several times on page 4 to 2 parameter called "attitude rate.” It
seems likely that this is simply an editorial error and should be "piich rate.” Nevertheless, the
guidance describing such a critical aspect of MD-11 operations should be editorially perfect.
From a technical standpoint, the same guidance has a partially correct statement that we consider
significant. in describing the potential hazard of trying to arrest a sink rate with the elevator, the
guidance says, "This ...increases both the effective weight of the awcraft and the .. .vertical
velocity.” This is true, but only covers part of the process. Lift and drag increase as well, and
arrspeed margin above stall must be considered to evaluate the aircraft's energy state.

RECOMMENDATION 1: The Operations and Human Performance Group should
ensure that a/l guidance to crews regarding landing is included as appendices and
that discrepancies between the documents are noted.

The fact that the left landing light was discovered by the crew 10 be inoperative is in the Ops
field notes but not the factual report. This should be included for completeness, but also to
enable subsequent analysis of possible visual illusions or restrictions as possible contributing
factors.
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UOISIADY [BUL]

Parameier

Guidance Provided (Source)

Accident Approach & Landing

Visual approach

ROD not to exceed 1000 fpm (Flight Manual, pg 7-45)
Typical ROD for 3° visual glidepath is 700 fpm no wind
{Flight Manual, pg 7-46)

RA went from 501" to 55" in 34 seconds,
which is 787 fpm

Acceptable performance
on visual approach

Airspeed + 5 kts
ROD < 1000 fpm (Flight Manual, pg 7-47)

From RA 1015 to RA 55', average ROD
was 822 fpm and atrspeed was Vpge + 2.5

Normal approach descent
rate

650 to 800 fpm in normal landing configurations

RA decreased from 501’ - 55 in 34 seconds
(787 fpm)

Normal pitch attitude on
approach

5° with 50° flaps (MD-11 Student Guide)

Pitch varied around approx 3-4%
(38 dev < 5% of full scale

50 and 40 foot CAWS
callouts

Maintain stabilized flight path vnless sink is high (Sim
Training Guide)

From 136' to 36, variations tn:

Pitch: 0.7° Bank: 1.0°

Ni: 2% IAS: 2 kt

RA: 501 - 55' in 34 seconds (787 fpm)

30-40 feet Flare 2° (Flight Manual, pgs. 7-46, 7-100) Between 35-45', pitch decreases approx 1°,
then increases by 2.5° (net increase 1.5°)
below 35’

30 feet Tnitiate smooth 2.5 flare so as to arrive beiow 10 feet in the | Pitch change from 30" to 10" was

landing attitude (Sim Training Guide}

approximately 2°. Pitch change from 30" to
touchdown was approximately 4°.

Nominal Janding attitude
{hypothetical)

10 at 1.25 Vs add 1° for 1.3 Vs(MD-11 Student Guide)
9° at flaps 50 (Flight Manual, pg. 7-100)

Pitch at TD: 7.5 - 8.5°

Nominal landing attitude
(real world)

7-8° at flaps 50 (Flight Manual, pg. 7-100)

Pitch a1 TD: 7.5 - 8.5°

Basic landing technique

Below 10, hold the "fully flared” attitude (2-4 fps) by
applying required control wheel pressure (Flight Manual,
pg. 7-46)

At 10, pitch is 4.5-5". Below 10, pitch is
shill increasing toward a maximum of
approx 8.57 at first touchdown

"Advanced” landing
technique

Below 10, lower the nose 1° (Flight Manual, pg. 7-46)

Below 10, pitch is still increasing toward a
maximum of approx 8.5° at first
touchdown




Parameter

Guidance Provided (Source)

Accident Approach & Landing

Bank angle at touchdown

"Excessive” bank angle close to the ground can result in
wingtip contact (Flight Manual, pg. 7-102)
Worst case crosswind should resuit in a 6” bank angle

(Flight Manual, pg. 7-102)

Max recorded bank angle 9.49°

Bounce recovery

Maintain 7.5° pitch and arrest sink with thrust (FDX MD-1!

Taiistrike Awareness material)

Resolver angles increasing prior to first
touchdown and continue forward, N,
increase lags by about 2 seconds; pitch
decreases to -0.7°.

Bounce recovery

If a high bounce occurs, initiate a go-around (Flight manual,

pg. 7-101)

Maximum altitude between touchdowns
calculated to be 5 feet.

QOISLAY {Pul]

Figure |




The report should be expanded to include more detailed discussion of the human factors aspects
of the accident. For example, there is no discussion of the cockpit dimensions and control
layout, oriented toward evaluating the ergonomics of a large forward resolver movement coupled
with an aft wheel movement. Crews in at Jeast two MD-11 accideats have highlighted this
interaction. The guidance given to crews cautions against pulling back on the stick to arrest a
sink rate. While this may be aerodynamically sound advice, for it to be effectively empioyed,
the pilot must consciously overcome not only instinct, but potentially all of his or her training in
other atrcraft. This need to "unlearn” lessons that are generally ingrained in pilots from an early
stage of training should be evaluated for its soundness.

The guidance given to pilots says they should start to flare as low as 30" and hold pitch constant
below 10" It also says descent rates of up to 1000 fpm are acceptable. This accident shows
clearly that a nominally good approach, down to 30, can become a catastrophic landing event.
Presumably, then, if a pilot is to make a decision that a good approach (i.e. not a go-around
situation) is becoming a bad landing (indicating the need for a go-around), that decision would
have to be made between 30" and 10". At up to 1000 fpm descent rate, that means a pilot may
have as little as 1.2 secomds to decide that, in spite of no adverse indications during the approach,
the landing atternpt must be aborted. Similarly, if the only non-standard pilot action is failure to
freeze the pitch below 10", time to recognize that fact and react to it is extremely limited. The
"reasonableness” of this requirement should be evaluated in 2 human performance context. It
should also be evaluated for compliance with the FAR requirements that preclude development
of procedures that require more than average piloting skill.

In the documents made available for our review, there is no discussion of possible landing
illusions that may have contributed to a late or abrupt flare. Given the possibility of an
inoperative landing light, there is a potential human factors issue with landing illusions that
could be more fully developed. Conversations with FPA suggest that the crew who operated the
aircraft into Taipei on the earlier leg of flight 14 experienced an exceptionally hard landing.
However, the FDR data made available for our review does not show a high value for vertical
acceleration on that landing. Interviews with crews who operated the same aircraft (same ship
number) during the several previous flights or during the previous documented hard landings on
the accident aircraft might prove beneficial to understanding this apparent discrepancy.

There are e-mail references to the fact that no one on the flight deck remembers feeling an
impact that seems to have ripped the gear off and broken the wing in two places. This aspect of
human performance should be pursued and is more than just an academic question. If the wmpact
was not "memorable” because the people were momentarily traumatized and blocked it out, then
the issue can be closed. However, if it wasn't memorable because it wasn't particularly severe
that raises the possibility that the gear was somehow unable to withstand a "normal” landing lcad
and that should be thoroughly evaluated. Simitarly, the DFDR reflects the airplane rolling
RWD, then left (toward wings level), then RWD again, but the flight deck crew does not
describe that back and forth motion in any of their statements.

RECOMMENDATION 2: The above Human Performance 1ssues can generally be
tied to the available guidance or the inoperative landing light. If those facts are
included in the Factual Report, then the rest of the above discussion can be
developed by FPA in its submission. To fully understand and evaluate the human

7
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factors phenomena above, we recommend that FPA contact the NTSB Human
Performance specialists or other individuals with academic expertise in Human
Performance issues.

Maintenance

We feel this accident has a significant maintenance dimension. An MD-11 can clearly
experience a landing hard enough to do significant damage without readily apparent cues to the
crew or clues on the DFDR. It logically follows then that the existing process for determining
when hard landing inspection is required may be inadequate. If the accident landing had been
just slightly less stressful on the gear, we can postulate that no accident would bave occurred, yet
the structure would have been stressed to just short of failure. Would the existing hard Janding
inspection call for teardown and inspection of all the parts that may have failed early in the
sequence for this accident? Portions of the Structures Group Factual Report made availabie for
our review do not contain references to the MD-11 maintenance manual. The maintenance
manual, page 601, uses 2.2¢ and 10 fps (at max landing weight) as benchmarks for when a hard
landing inspection is required. There is no mention of means a mechanic can use to determine
ROD at touchdown. It isn't captured exphicitly in the DFDR. If personnel in the field are
supposed to use the DFDR parameters that are recorded to determine ROD, there is no indication
of how they get the data or of what data to evaluate. The accident aircraft was below max weight,
and the g load was well below 2.2, so the implication from the maintenance manual is that the
accident landing might not even result in a hard landing inspection. This apparent discrepancy
should be fully evaluated.

The accident airplane has an accident/incident history. As we understand it, the same ship
number had been involved in at least two other documented hard landing events. The records of
maintenance actions performed after those events should be evaluated for their relevance to this
accident.

RECOMMENDATION 3: The Structures Group (or a separate maintenance
records group) should obtain repair and related maintenance data for the accident
airplane, evaluate its relevance, and consider including it in the Factual Report. This
would allow the parties to assess the adequacy of current MD-11 hard landing
inspections.

Performance

While the DPD documents are not formally part of the factual reports, they can easily be
interpreted as factual items. Thus, their accuracy should be considered and careful distinctions
made between facts and analysis. For example, the math on pages 7-8 of the DPD Sink Rate
Analysis contains at least two errors. The errors nearly offset one another (a roll change from
5.98 10 9.49 in 0.5 seconds is a rate of 7.02, and 7.02* pi/180 * 17 equals about 2.08).
Nevertheless, it shows that the data in the DPD report may not be fulty developed and
thoroughly checked . In general, we feel that derived or calculated values such as these should
always be substantiated by "showing the work” (in this case, the slope calculation). If the DPD
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calculations are incorporated in NTSB documents, they should be independently verified and the
calculation method, not just the result, should be thoroughly documented.

The computation referenced above derives a local sink rate at the RMLG from the roll rate.
However, it does not include inertial effects. During the one second at subframe 346, the roll
value goes from 5.98 to 9.49, then back to 4.57. Taken in isolation, this equates to a 7.02 degree
per second right wing down roll rate that changes instantaneously to a 9.84 degree per second
left wing down roll rate. The sharp "point” that this creates on the plot may also be the
approximate time of ground contact. However, whether the change from right roll to left roll is
assumed to be from control inputs or ground contact, the change must be consistent with the time
needed to change the direction of the mass of the aircraft. All that can be said for certain 1s that
the roll was the recorded value at the recorded time. Theoretically, any line passing through
those points, straight or curved, sloped up or down, could have been the actual refiection of the
motion of the aircraft. Figure 2 illustrates some of the infinite possible variations of this
phenomenon. The slope of the line from the first point (instantaneous roll rate) may well be
greater than a value derived by assuming a straight line between the two points, but the slope of
the line into the second point can be significantly less, or even the opposite direction. In the
specific case under study here, this means the actual roll rate could have been different from the
rate in the DPD document.
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Figure 2

Although we are not specifically familiar with the "Adams-Bashford 2" integration techrique
used to develop the ROD numbers, it appears likely to be an accurate analytical tool. However,
like all the calculations referenced here, it must be taken in the context of any assumptions and
limitations inherent in the process (none of which are listed in the DPD documents). Integration
techniques we're familiar with rely on establishing a known accurate point in space from which
to start the calculation and are very sensitive to variation in that starting point. From the
documents provided for our review, it cannot be determined that the integration from 30° AGL
through the second touchdown has that known starting point.
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The DPD presentation {pg. 9) mentions a 45° control wheel deflection, based on DFDR data, just
prior to the second touchdown. This is apparently based on deflection recorded for a single
aileron panel (ROB) and single spoiler panel (R5). Taken out of context, these deflections do
comrespond to an approximate 45° control wheel input. For an accurate analysis, the deflections
must viewed in the context of the previous several minutes’ worth of DFDR data. When this
additional data is considered, it is evident that the left outboard aileron reading and the R5
spoiler reading are both consistently higher than the other aileron and spoiler panels. During this
time period there is no turn evident in the other DFDR readings, suggesting the difference is due
to rigging or measurement/sensing bias. Even if there's supposed to be some offset between
inboard and outboard aileron panels, the spoiler readings are almost undoubtedly a bias or offset.
Without that bias or offset, the corresponding control wheel deflection would be on the order of
10-15°. This same bias is likely the reason behind the apparent early deployment of the RS
spoiler panel just prior to the first touchdown.

The Performance Study makes reference to the tire marks from the first touchdown as indicative
of a RWD touchdown. The marks show the RMLG skid mark starting 25 before the LMLG
marks. While it is true that a RWD touchdown would leave such witness marks, other possible
scenarios should be acknowledged. The same marks could be due to nose-right yaw at
touchdown, or some structural difference in the mains. The DFDR shows 1.05° RWD bank at
subframe 343. It is important to realize that the resolution of bank measurement on the DFDR is
approximately 0.35°, according to the parameter listing. Thus, a reading of 1.05 could result
from an actual bank angle anywhere in the range of 0.835-1.225 (i.e. a 0.35 range around 1.05).
The performance study uses a 1 fpm additive to the vertical velocity derived from the integration
process, based on a presumed roll rate to that 1° bank. While inertial effects noted above are
significantly less in this case, the fact remains that using two DFDR points to infer a linear
progression between them, and then derive a rate from that relationship, is not necessarily the
only possible motion. The roll rate, and consequent total descent rate at the RMLG, could be any
of an infinite number of values that would be added to or subtracted from the "base” descent rate
of 6.6 fps (which is a derived value). For a constant ground speed, the distance between the skid
marks would tend to increase as the bank increases, and decrease as the ROD increases. This
relationship is shown in chart form in Figure 3.

Rate of Descent {fps)
6 6.4 6.8 v & 8
. ojno 0.0 |,oo 00 0.0 0.0
e 0.2]5.0 47 4.4 42 4.0 38
§ 041100 4 188 8.3 7.5
= 0.6l15.0 1 132 125 119 113
= 0.8]20.0 18 8 172.7 16.7 15.8 15.0
< 1|25.0 23.5 221 20.9 19.8 18.8
¥ 1.2[300 28 .1 2985 25 0 237 22 5
g 14350 328 309 292 27.7 26.3
1.6]40.0 37.5 35 13 334 316 300
1.8145 0 42 2 387 37.5 35.8 33.8
2560 0 469 441 417 395 375

Chart shows distance the "Jower” gear would touch down prior o the "upper” gear {in
feet). Values are based on 34 feet beiween the gear and a ground speed of 152 knots.

Figure 3
10
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Using bank angles and roll rates that could reasonably be presumed to exist, one can see that a
25" difference between skid marks 1S not unreasonable. One can also see, however, that a very
slight increase in ROD or decrease in bank angle would make the skid marks much closer
together, meaning an observed offset in the marks would have to be due to something else {(e.g.
strut extension, tire characteristics, structural defect, measurement error, eic.).

RECOMMENDATION 4: Data used for the investigation that is not directly
measured should include a complete discussion of the origin of any derivation
process, the assumptions that are included, limitations on the process, and
susceptibility to errors. Ideally, the entire derivation of values, not just the result,
should be shown. Any data used in studies or other analytical products should be
similarly explained. )

Review of the DFDR shows that while the resolver angle increases dramatically just prior to the
fist touchdown, the increased thrust, as indicated by N, does not peak until almost two seconds
later, just about at the high point of the bounce. The engine and airframe geometry suggest the
pitching moment from a thrust mcrease should be nose down, but conversations with MD-11
pilots suggest it is nose up. DPD should be able to confirm the actual pitch moment from a
thrust increase. A condition that prompts the pilot to add thrust in the last few feet above the
runway may be the same conditions that can result in a bounce, as it did here. During a bounce
recovery, the pilot may be attempting to keep the nose from pitching up by adding forward yoke
pressure (per the tailstrike awareness training). If at the same time the thrust increase is
producing a rapidly changing pitching moment (either up or down), the combination could
produce large, rapidly changing required stick forces. If that's the case, it may follow that there
is one and only one acceptable action following a bounce - go around. All things considered,
that's a little different than the stock "always consider the possible need for a go-around” or "the
pilot should be prepared to go around if the bounce recovery resulis in a destabilized condition”
or similar. It seems like it's really more like "In all cases, if the airplane bounces, GO
AROUND.” If that is determined to be the only safe alternative in the event of a bounce, one
must again consider the suitability of the procedure since the FAR requires it to be within the
capability of a "pilot of average skill."

in the preliminary DFDR tabular data file called "plit3p” dated August 5, 1997, there is a column
called "Caiculated Descent Rate.” This parameter doesn't appear on any parameter listing, nor is
it in the final tabular DFDR product. There is no indication of the method used to calculate the
values. In the interest of completeness, the parties should be aware of the origin of this
information.

Structures

Several of the documenis developed by DPD are incomplete, inconsistent, or confusing. The
Douglas Wing Strength investigation, for example, simply shows figures of airplane parts with
arrows representing force vectors and no indication whatsoever of how the numbers were
derived. If this information is intended for use other than internally at DPD, the complete
derivation of the force vectors should be included.
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The DPD failure analysis refers repeatedly to failures as being indicative of "overload.” That
statement is incomplete. Any time a part fails, it fails in overload. That is, because some foad
exceeded some capability. The load may act in tension, compression, or shear. The load may be
within design limits on a part with diminished capability {corrosion, defect, etc.) or be beyond
design limits on a part with full design capability (operation beyond design limits). Te
accurately represent the forces acting on a part that has failed, the failure must be described in
terms of the magnitude and direction (e.g. "the bolt failed in tension at the shoulder” or "the spar
cap showed evidence of compression failure”). Clearly, the direction of the force can be as
critical to determining a failure mode as the magnitude of the force. Thus, if the DPD analyses
are intended for inclusion in the NTSB record, a complete description of each failure is critical.

The document produced by Messrs. Feldman and Cybulski (part of the DPD "Failed Parts
Inspection/Evaluation” team) says "A load of 2.5 million pounds 1s required to break ail four lugs
common to the main landing gear.” The DPD Wing Strength Investigation document shows
numerous forces acting on the gear. None of the forces shown approach 2.5 million pounds.

The Feldman/Cybulski document also says that the flap track failed due to a 2.11g load, but does
not substantiate that value either mathematically or subjectively. Both of these discrepancies are
important to determining the failure sequence.

The package of FAA photos contains a number of very good pictures of what appear 10 be tire
marks, soot trails, fuel spill puddles, and the like. None of these photos is included in the reports
made available for our review. Since the photographs may represent the best factual record of
perishable evidence {e.g. ground scars), it would be appropriate for some of them to be included
in the factual record.

RECOMMENDATION 5: The Structures Group should attempt to identify

pertinent photographs, then catalog those photographs for inclusion in the factual
record.

In the Structures Group Addendum, there is buckling noted on both the top and bottom of the
right wing. Buckling normally suggests bending, so this implies the wing bent in both directions.
This is not impossible inasmuch as bending could be due to aerodynamic loads and ground
contact acting in different directions, or the wing could bend, fail, rebound and thus bend in the
opposite direction.

RECOMMENDATION 6: The Structures Group should be asked to verify that
there was actualty buckling on both surfaces.

The photographs of failed paris (included with the DPD documents and those provided
separately) suggest that no pre-existing failures were present from corrosion or fatigue.
However, complete metallurgical analysis of microphotographs was beyond the scope of this
effort. The question of how damage occurring on the landing in Taipei might appear should be
addressed to a metallurgist outside the originat DPD analysis. That is, would microanalysis be
able to distinguish between a failure that occurred on the accident landing and a failure that
started only a few flight hours earlier and was aggravated by subsequent landings. Additional
metallurgical analysis might also be useful to determine if failed parts exhibiting heat stress were
heated before or after the mechanical failure. For example, the Structures Group addendum
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refers to heat stress and buckling evident on the right wing. Metallurgical analysis would reveal
if the metal was heated then buckled or buckled then heated. This information may turn out not
1o be significant, but our experience is that any recoverable data should be recovered and
included with the factual report, since it is not always evident what is important as the analysis
portion of the investigation continues.

RECOMMENDATION 7: FPA should request additional analysis (or verification
of the DPD analysis) of selected failed parts by the NTSB metallurgists.

Systems

We reviewed the Systems Group field notes only (the Factual was not made available to us).
The field notes provided for our review are dated August 4, 1997 and may not be the final
version. If the Factual is still being developed, FPA should attempt to make the following
inputs. Detailed documentation of the condition of flight controls, especially the cables, lines,
actuators, etc. should be included, if it is available. This information may or may not be
recoverable, since part of the wreckage has been disposed of, but if it can be included in the
factual record, it may be possible to rule in or rule out some failures.

There are at least two systems questions that have been raised in this and other MD-11 accident
DFDR analysis. Both should be well-known, well-studied features of the design at this point, but
both seem to be source of continuing questions and controversy. One is the function of LSAS,
the specific point at which it ceases to be a factor (i.e. "washes out"), and the DFDR indication(s)
of its normal and abnormal functioning. In correspondence relating to this accident, it appears
that the issue is not fuliy understood by the people involved in MD-11 operations. The second is
the difference between the inboard and outboard aileron DFDR readings. The deflections appear
to indicate deliberate "droop” of the outboard ailerons. That is, the outboard panels appear to be
deflected more TED than their inboard counterparts. Our understanding is that the ailerons do
indeed droop to improve fuel burn, but that this feature is active only in cruise flight. Witha
mature design that has been in service for 2 number of years, there should be a mere complete
understanding of how the primary and secondary flight control operation looks on the DFDR.

RECOMMENDATION 8: The Systems Group should request detailed information
on the LSAS and aileron systems from DPD. This shouid include therough
documentation of systems operation and DFDR indication of normal and abnormal
operation.

Certification

An area that should be considered in an accident such as this one is whether the aircraft was
designed (or should have been designed) to withstand the loads imposed by the landing. A
review of pertinent parts of the design standards contained in FAR Part 25 indicates there are
several parts that address landing loads that must be sustainabje by landing gear. However, the
caiculation process required to equate the loads acting on the accident aircrafi with the joad
limits described by the FAR are not at all straightforward. Static and dynamic reactions of all
gear components and the airframe itself are required to be considered. Access to that fevel of
detail about the MD-11 can only be obtained through the manufacturer. As such, detailed
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analysis of the accident landing with respect to certification criteria was beyond the scope of this
effort. The FAA certification compliance report would show if the landing gear and longitudinal
stability of the MD-11 were actually recertified, or if the certification was based on DC-10
components and performance.

Studies

Accident investigations typically reveal areas of aircraft operation that may merit further study,
whether or not they had a direct bearing on the subject accident. We include three such areas
that surfaced during our review of the accident data. I is unclear whether there i1s a connection
between these phenomena and the accident. It may be beneficial for any of the parties in the
investigation or for other organizations involved in MD-11 operations to mvestigate the
following items.

From approximately DFDR subframe 237 to 252 the aileron traces are nearly coincident. Prior
to and subsequent to that block of time, the outboard ailerons appear displaced from the
inboards. This same phenomenon is present on DFDR records of other MD-11 accidents. This
further exacerbates the "droop"” confusion mentioned above, but also raises the question about
why the apparent offset disappears then reappears. Subframe 252 is the point at which the flaps
first move to 50°, suggesting a possibie connection with flap extension. However, at 237, the
flaps are already set at 35° and have been for several seconds.

DFDR data for the two previous landings show pitch oscillations are noticeably smaller than on
the accident fanding. However, both previous landings were at flaps 35, and the accident landing
was at flaps 50. The oscillations on the accident landing are not more than + 1° of pitch, but
appear to be greater than on the non-accident landings.

The vertical g trace for the two previous landings show a touchdown g load of approximately

1.4g at Anchorage and 1.3g at Taipei. This is inconsistent with the anecdotal indications of an
exceptionally hard landing in Taipei.
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Recommendations extracted from the report

RECOMMENDATION 1: The Operations and Human Performance Group should ensure that
all guidance to crews regarding landing is included as appendices and that discrepancies between
the documents are noted.

RECOMMENDATION 2: The above Human Performance issues can generally be tied to the
available guidance or the inoperative landing light. If those facts are included in the Factual
Report, then the rest of the above discussion can be developed by FPA in its submission. To
fully understand and evaluate the human factors phenomena above, we recommend that FPA
contact the NTSB Human Performance specialists or other individuals with academic expertise
in Human Performance issues.

RECOMMENDATION 3: The Structures Group (or a separate maintenance records group)
should obtain repair and related maintenance data for the accident airplane, evaluate its
relevance, and consider including it in the Factual Report. This would allow the parties to assess
the adequacy of current MD-11 hard landing inspections.

RECOMMENDATION 4: Data used for the investigation that is not directly measured should
include a complete discussion of the origin of any derivation process, the assumptions that are
included, limitations on the process, and susceptibility to errors. Ideally, the entire derivation of
values, not just the result, should be shown. Any data used in studies or other analytical products
should be similarly explained.

RECOMMENDATION 5: The Structures Group should attempt to identify pertinent
photographs, then catalog those photographs for inclusion in the factual record.

RECOMMENDATION 6: The Structures Group should be asked to verify that there was
actually buckling on both surfaces.

RECOMMENDATION 7: FPA should request additional analysis (or verification of the DPD
analysis) of selected failed parts by the NTSB metallurgists.

RECOMMENDATION 8: The Systems Group should request detailed information on the

LSAS and aileron systems from DPD. This should inciude thorough documentation of systems
operation and DFDR indication of normal and abnormal operation.
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Appendix VI

MD-11 Hard Landing Inspection Criteria
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May 7, 1997

Cindy Keegan

National Transportation Safety Board

460 L Enfant Plaza East, S W.

Washington, DC 20594

RE: Aircraft Accident Investigation, DCA97TMAOSS

Dear Cindy,

Attached is the MD-11 Aircraft Maintenance Manual, Chapter 3, that outlines the progressive
checks accomplished for Hard Landings. We checked with DPD and our procedures are
identical to those they originally provided us.

If you have any questions, please contact me.

Sincerely,

(901) 224-5127
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PAIL

AIRCRAFT MAINTENANCE MANUAL

BARD LANDING - INSRECTION/CHECK
Genezal

This procsdure has the instructions to do an inspection of the
aircraft after a hard landing,

A hard landing condition occurs when the aircraft lands at a
sink-rats of more than 10 £t {3.048 m) for each second, at or
below the maximum deaign structural landing weight. The
minisem G-load with a sink rate of 10 £t (3.048 a) for each
sacond, at or below the maximm design structural landing
weight, is 2.2G. Alsc, a bard landing condition occurs when
the aircraft lands at & sink-rats of pore than 6 £t (1.8288 m)
for each sacond, at @ weight more than the maximm design
structural landing wvaight. If the sink-rate cannot be found
when the aircraft lands, do the bhard landing inspection.

After a hard landing, the arsas $0 examine for damage are:

Tha nose landing gear

The main landing gaar

The centerline landing gear

The fusalage

The wing

The horizontal tail (stabilizer and elevators)
The vartical tail (stabilizer and rudders)

The nacsalles and pylons.

-
-
-
-
-
-
-
-

If Aamage is found during this inspection, make a list of the
data that follows: :

(1} The load factor and the airspeed read-outs from the flight
data recorder.

{2) The fusl, pasaanqir and cargo load distribution.

(3} The gross-weight of the aircraft and the centsr of gravity
{cg) location at the time of the hard landing.

{4) The 4Ary-nitrogen pressurs (psi or XPa) in all the landing
gesar struts.

(5) The §uantity of oil {(eu. in. or ce) in all the landing gear
. struts. .

e 2 05-51-03
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AIRCRAFT MAINTENANCE MANUAL

{(6) Signs of mul-ﬁo-uul "bottoming® between the piston and
the cylinder in all the landing gear.

E. The inspactions are divided into two groups:

(1) A-check inspection. An extermal inspection of the local
" areas of visible damage and the structure and components
adjacent to the damaged arsa. If damage isx found in an area
during the A-check inspection, the applicadle B-check
inspection of the same aresa beccaes necessary.

{2} B-check inspectiocn. A careful inspection with concentration
on the damaged areas found during the A-check inspection.

P. If there is structural damage, refer to the MD-11 Structural
Repalr Manual (S5RM).

TASK 05-51-03-200-801 o
A-CEECK INSPECTION OF THE AIRCRAFT AFTER A HARD LANDING

2. - - Hagd - A-

inspection
Subtask 05-51-03-943-001

A. ri:éturcs. Tools, Test and Support Equipment

EOTE: Equivalent replacements ars permitted for the itema that
follow, :

REFERERCE DESIGNATION

Not specified Work platform, .
7-8 £ (2.1-2.4 m)

Not specified Work platform,
20 £t (6.1 m)}

Not specified Work platform,
30 £+ {9.1 =)

Not specified Asrial boom, manlift

EFF: AA ALL 05-51-03
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AIRCRAFT MAINTENANCE MANUAL

Subtagk 05-51-03-946-001

B. Referance Information

REFERERCE

DESIGNATION

TASK 05-51-03-200-802
P/B 601

TASX 05-51-09-200-801
P/B 601

TASK 05-51-09-200-8023
P/B 601

TASK 32-11-01-360-801
?/B 801

TASK 32-11-01-360-802
P/B 801

TASK 32-15-01-300-801
P/B 801

TASX 32-15-01-300-802
P/B 801

TASK 32-21-01-360-801
P/B 801

TASK 32-21-01-360-802
P/B 801

B~-CHECX INSPECTION OF THE
AIRCRAFT AFTER A HARD LANDING

A-CHECK INSPECTION OF THE NO. 1
AND HO. 3 ENGIRE PYLONS AFTER
AN ERGINE FAILURE/OVERLOAD
CONDITION

A-CHECK INSPECTION OF THE NO. 2
ENGINE PYLOK APTER AR ENGINE
FAILURE-OVERLOAD CONDITION

REPLACEMENT OF THE SEOCK
STRUT PISTON SEALS -
SPARE SEAlS INSTALLED

REPLACEMENT OF THE SHOCK
STRUT PISTON SEALS -
SPARE SEALS NOT INSTALLED

REPLACEMERT OF THE CENTER
LANDING GEAR SHOCK STRUT
PISTON SEALS - SPARE SEALS
INSTALLED

REPLACEMENT OF THE CENTER
LANDING GEAR SEOCK STRUT
PISTON SEALS - SPARE SEALS
ROT INSTALLED

REPLACEMENT OF THE NOSE
LANDING GEAR SROCX STRUT
PISTOR SEALS - SPARE SEALS
IRSTALLED

REPLACEMENT OF THE SHOCX
STRUT PISTON SEALS -
SPARE SEALS NOT INSTALLED

EFF: AA ALL

05-51-03
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AIRCRAFT MAINTENANCE MANUAL

3. bl
Subtask 05-51-03-210-001

A. Do a visual inspection of the nose landing gear (NILG). If
damage is found during the A-chack inspection, do the B-check
inspection of the NLG. Rafer to BARD LANDING, B-chack
Inspection of the Alircraft After a Hard Landing.

{Ref. Fig. 601/TASK 05-51-03-9%0-801)
{(Raf. Pig. 602/TASX 05-51-03-9%0-802)
(Ref. TASK 05-51-03-200-802)

TASK 05-51-03-993-801
Nose landing Gear - A-Check Inspection

INSPECTION AREA CHECK FOR

Struts, wheels, tires, Fluid leaks
doors, door attachment Flaking paint
arsas and wheel well Twists and bends
arsa Loose fasteners or fasteners
: not thers -
Cracked or broken parts and
other signa of damage.

2 Axles ) - = Distortion.
Subtask 05-51-03-360-001

B. If necessary, repair the nose landing gear (NLG). Refer to
STRUT, NOSE LANDING GEAR SHOCK, Replacement of the Shock Strut
Piston Seals -~ Spare Seals installed. Refer to STRUT, NOSE
LANDIRG GEAR SBOCK, Replacemant &f the NLG Shock Strut Plston
Ssala - Spars Seals not Installed,

{Ref. TASK 32-21-01-360-801)
{Ref. TASK 32-21-01-360-802)

Subtask 05-51-03-210-002

C. Do a visual inspection of the main landing gear {MLG). If
Qanage is found during the A-check inspection, 4o the B-check
inspection of the MLG. Refer to BARD LANDING, B-chack
Inspection of the Aircraft Aftar a Hard Landing.

(Ref. Pig. 603/TASK 05-51-03-990-803;
{Ref. TASK 05-51-03-200-802)

e 05-51-03
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RETRALT
CYLINDER

FORWAAD DOOR

DRIVE ARM
SOOR
STOP LINK
TRUNNMION
FORWARD fITTNG
OOCR UINK
STRUT
CYUNDER
CARGOR ' Ao 082-28-00050
Nose lLanding Cear - Inspection/Check .
riqu:.jo 601/TASK 05-51-03-930-801
% PFOR ALL AIRCRAFT
EFf: AA ALL 05_51_03
Page 605
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Nose landing Gear - Insp.cfion/th.ck
Pigqure 602/TASK 05-51-03-990-802

##* FOR ALL AIRCRAr?

EFEs R ML ‘ 05-51-03

Page 606
Aug 1/95

TEESE DATA SUBJICT 70 ARSTRICTIVE LRGIND OW TITLR PALE.




[nnPAf]

AIRCRAFT MAINTENANCE MANUAL

~ STRUT DOOR LUNK
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SHOCK STRUT
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TRUCK BEAM TRIM CYUNDEN
TIRE, WHEEL, AKD SRAKE

AXLE
CAGOODR 082-05-00r18
Main Landing Gear - Inspection/Check
Figqure §03/TASX 05-51-03-950-803
' #®s* FOR ALL AIRCRAFT
-Brr AA ALL - -
' 05-51-03
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TASK 05~%51-03-993-802
Main Landing Gear ~ A-Check Inspection

INSPECTION AREA

-

Shock strut, wheals, tires, Flaking paint
‘eruck beam, doors, door Twiszsts or bends
attachments and wheel well Loose fasteners or fasteners
araa not there
Cracked or brokan parts
Fluid leaks.

Subtask €5-51-03-360-002

D. 2f necessary, repair the main landing gear {MLG). Refar to
STRUT, MAIN LANDING GEAR SEOCKX, Replacemsnt of the Shock Strut
Piston Seals - Spare Seals installed. Rafer to STRUT, MAIN
LANDING GEAR SHOCK, Replacement of the Shock Strut Piston Seals
- Spare Seals not Installed.

(Raf. TASK 32-11~-01-360-801)
(Ref. TASK 32-11-01-360-802)

Subtask 05-51-03-210-003

E. Do a visual inspaction of the center lapnding gear (CIG). If
dampge is found during the A-check inspection, do the B-check
inspecticn of the CLG. Refer to BARD LANDING, B-check
Inspection of the Ailrcraft After a Hard Landing.

{Raf. Fig. S04/TASK 05-51-03-990-806)
(Raf. TASK 05-51~03-200-802)

TASK 05-51-03-993-803 .
Canter Landing Gear - A-Check Inspection

INSPECTION AREA

1 CILG shock strut, wheals, Flaking paint
brakes, tires, doors, door T™wists or bends
attachments and wvheel wall Loose fasteners or fasteners
arsa . not there :
Cracked or broken parts
Fluid leaks.

EFF: AA ALL - 05_51_03
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CRANK
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SHOCK STRUT PISTON
TORQUE LMK
WHEEL ANO TIRE
CAGRADS) : | 082-08-00570
Center Landing Gear - Inspection/Check
Pigure 804/TASK 05-51-03-590-806
**% FOR ALL AIRCRAFT
EFF:t AA ALL 05_51_03
Page 609
R Aug 1/95

IERSE DATA SURJECT IO RESTRICTIVY LICEND ON TITLE PACE.




m

PAL

AIRCRAFT MAINTENANCE MANUAL

Subtask 05-51-03-360-~003

F. If necessary, repair the center landing gear (CIG). Rafer to

STRUT, CENTER LAKDING GEAR SBOCK, Replacement of the C2G Shock
Strut Piston Seals - Spars Geals installed.

Rafer to STRUT,

CERTER LANDING GEAR SHOCK, Raplacement of the CLG Shock Strut
Piston Seals ~ Spars Seals not Installed.

{Raf. TASK 32-15~01-300-801)
(Ref. TASK 32-15-01-300-802)

Subtask 05-51-03-~-210-004

TASK

Do an A-check inspection of the fuselage.
during the A-check inspection, 4o the B-check inspection of the
Refer to HARD LANDING, B-chack Inspection of the
Alrcraft After a Eard Landing.

fusslage.

If damage is found

{Raf. Fig. 605/TASK 05-51-03-990-808)
(Raf, Pig. 606/TASK 05-31-03-990-818)
(Ref., Pig. 607/TASK 05-51~-03-9950-81l1}

(Ref. TASK 05-51-03-200-802)

05-51-03-993-804

Fuselage - A-Check Inspection

INSPECTION AREA

CHECK FOR

Lower half‘of fusslage
extarnal skin

Around corners of opsnings
of all entrances to servics
and cargo doors

Tniléonn safety latches and
hingas locatad inside aft
section of aircraft

Twists, distortion or cracks
Loose fastesners or fasteners
not thers

Other signs of damagae.

Twists, distortion or cracks
Loocse fastenars or fasteners
not there

Other signs of damage.

Extended fastener holes
Looss, broken or bent
fastenars

Fasteners with heads not there.

EFF:

AA ALL

056-51-03
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Misalage - Inspection/Check
Figure 605/TASK 05-51-03-990-808

*##%* FOR ALL AIRCRAFT

EFE: AR ALL 05-51-03
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Fusslage - Inspection/Check
Figure 606/TASK 05-51-03-990-818
*¢¢ POR ALL AIRCRAFT
EFF: AA ALL 05_51_03
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TALCONE WORK
AFT ACCESSORY \/ RaTFOAM

COMPARTMENT

MOoA / ACCESSS

CENTER ACCESSORY AP COMPARTMENT
COMPARTMINT seavnce

APU COMPANTMENT
AR CONDITIONNG ‘
COMPARTMENT : AFT FUSELAQE
_ COMPARTMENT
FUGKT COMPARTMENT
AVIONICS ACCZ3S
Aviomcs
COMPARTMENT
CAGOGEN 082-08-00238

Fuselage - Saxvice and Access Doors - Inspection/Check
- FPigure 607/TASK 05-51-03-990-811

#4% FOR ALL AIRCRAFT

B N , 05-51-03
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Subtask 05-51-03-210-207

BE. Do an A-check inspection of the wing. If damage is found
during the A-check inspection, do the B-check inspection of the
wing. Refer to HARD LAXDING, B-check Inspection of the
Aircraft After a Bard Landing.

(Raf. rig. 608/TASK 05-51-03-990-812)
(Ref. TASK 05-51-033-200-802)

TASK 05-51-03-993-80S
Wing - A-Check Inspection

INSPECTION AREA CBECK FOR '

1 Lower wing skin, rear spar - Signs of fual leaks
(adjacent to acd inboard = Loose fastenars or fastsnars
of MLG support fittings) not there ‘
external plate doublers = Buckles, distortion and cther
' signs of damage.

Subtask 05-51-03-210-008

I. Do an A-check inspection-of the horizontal stabilizer. 1¢
damage is found during the A-check inspaction, do the B-check
inspection of the horisontal stabilizer. Refer to HARD
LAKDING, B-check Inspection of the Alrcraft After a Hard
Landing.

{Ref. Pig. 609/TASK 05-51-03-950-824)
(Ref. Fig. 610/TASK 05-51-03-990-830)
(Ref. TASK 05-51-03-200-802)

TASK 05-51-03-993-806
Borizontal Stabilizer Surfaces .- A-Check Inspection

INSPECTION AREA CHECK IFOR

1 Stabilizer and elavators: = Interfersnce, binding and
function through full signs of operational
travel restrictions
= Fuel leaks through spars or
tank boundary bulkheads.

05-51-03

TEEEE DATA SUBJEICT 70 RESTRICTIVE LEUIND OW TITLE PACT.
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AT FLAF YANE
CAGDaDS) SECTION A-A B82-03-00TIC
Wing (External Area) - Inspection/Check
Figure 608/TASK 05-51-03-590-812
4% POR ALL AIRCRAFT
[EPP: AN ALL —h-
: 05-51-03
Page 615
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Horizontal Stabilizer Surfaces - Inspection/Check
Figure 609/TASK 05-51-03-990-824
*4% POR ALL AIRCRAF?
[EFF: aA AL 05-51-03
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WNEOARD DETATCMASLE
SLEVATOR
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MBOARD BLEVATOR LATCN CROSED

. ' ELEVATOR R

VIEW A
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OUTBOANRD ELEVATOR

LEADG - 2041
LEADING - EDGE HORN

SALANCE WEIGHT
. ELEVATOA TP

CAGaadE) DI1-05-0002

Horizontal Stabllizer Surfaces - Innpoétion/&nck
rigurs 6§10/TASK 05-51-03-990-8130

#*% FOR ALL AIRCRAFT

EFRs A |05-51-03

Page 617
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Subtask 05-51-03-210-00%

J. Do an A-check inspection of the vertical stabilizer. If damage
is found during the A-check inspection, 4o the B-check
inspection of the vertical stabilizer. Refer to HARD LANDING,
B-check Inspection of the Aircraft After a Bard lLanding.

{Ref. Fig. 611/TASK 05-51~03-990-814)
(Ref. Pig. 612/TASK 05-51-03-990-821)
(Ref. TASK 05-51-03-200-802)

TASK 05-51-01-993-807
Vertical Stabilizer Surfaces - A-Check Inspection

INSPECTION AREA CEECKX FOR

1 Rudders ) . -~ Interfarences, binding and
, other signs of operational
ragtrictions bacause of’
deformed structure, supports
or machanisms
- All four sections function
through full travel.

Subtask 05-51-03-210-010

HARNING: IF TEE AIRCRAFT BEAD A HARD LARDING, EXAMINE THE WING
ENGIKE PYIONS IFOR STRUCTURAL DAMAGE. MAKE SURE THE
INSPECTION 1S DONE BEFORE THE AIRCRAFT GOES BACK INTO
OPERATION. THIS WILL PREVENT INKJURY TO PERSONS AND
DAMAGE TO EQUIPMENT.

K. Do an A-check inspection of the nacelles and pylons. Rafer to
ENGIKE FAILURE-OVERLOAD CONDITIOR, A-check Inspection of the
Engine FPylons After an Engine Failure/Overlcad Condition.
{Raf. TASX 05-51-09-200-801)

{Ref. TASK 05-51-09-200-803)

{1} 3I£ the aircraft has not had the terminating action to MD~-1l
Service Bulletin AS4-49, Revision 1 or later accomplished,
perform the respactive inspection of the Upper Spar Angles
stated in the Service Bulletin.

NOTE: 1f no damage is found to the aircraft structure and the
wing pylons, a maximum of five flights is permitted on
the tail pylon.

05-51-03
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Vertical Stabllizer Surfaces - Inspection/Check
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#*% FOR ALL AIRCRAFT

[Erre A 05-51-03
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‘0 - - - -

Subtask 05-51-03-942-001

A. Resove all the tools and equipment from the work arsa. Make
sure the area is clean.

TASK 05-51-03-200-802
B~CEECK INSPECTION OF THE AIRCRAFPT AFTER HARD LANDING

-
5. - - -

ingpection
Subtask 05-51-03-943-002

A. - Fixtures, Tools, Test and Support EqQuipment
NOTE: Equivalent replacements are permitted for the iteams that

follow. _
REFERENCE : DESIGNATION
Not specified = Work platform,
7-8 £t {(2.1-2.4 m)
‘Not specified Rork platform,
' 20 £t (6.1 m)
Not specified : Work platform,
10 £+ (9.1 m)
Not specified Aerial boom, manlift
Subtask 05-51-03-946-002
B. Rafersnce Information
REFERENCE DESIGNATION
_ TASK 32-11-01-000-801 REMOVAL OF THE MAIN LANDING -
P/B 401 _GEAR

| 05-51-03

TEISE DATA SUBJICT TU RESTRICTIVRE LICIND OB TITLR PACE.
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Continued

REFERENCE DESIGNATION

-

TASK 32-11-01-400-801 ' IRSTALLATICH OF THE MAIN
P/B 401 ' LANDING GEAR

TASK 32-15-01-000-801 REMOVAL OF THE CENTERLINE
P/B 401 LANDING GEAR ASSEMBLY

TASK 32-15-01-400-801 INSTALLATION OF THE CENTERLINE
P/B 401 ' LANDING GEAR ASSEMBLY

TASK 32-21-01~-000-801 REMOVAL OF THE NOSE LANDING
P/B 401 GEAR | S

| TASK 32-21-01-400-801 ' INSTALLATION OF THE NOSE
P/B 401 LANDING GEAR
6. -gp - -
Subtask 05-51-03-010-004

A. Make sure the applicable panels, floors, insulation, fillets,
and other stricturs, are ramoved.

7. procedurs - Haxd landing Condition - B-Check Ingpection
Subtask 05-51-03-220-001

A. Do a B-check inspection of ths nose landing gear (NLG).
{Raf. Pig. 601/TASK 05-51-03-990-801) '
(Raf. Pig. 602/TASK 0?-51-03-990-802}

Subtask 05-51-03-020-004

8. 1If damage was found on the A-check and cannot be repaired,
remove the nose landing gear. Refer to GEAR, NOSE LANDING,
Remcval of the Nose Landing Gear. '

(Ref. TASK 32-21-01-000-801)

S 05-51-03
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TASK 05-%1-03-993-809
Nose Landing Gear - B-Check Inspection

TIRSPECTIOR AREA CHECK TFOR

¥heal assembliaes Deformed, cracked or bent
(disassemble as necsssary) wheel rim.

Drag links (disassemble as Distorted links caused from
necsssary) " bending, twisting or
strutching
Cracks
Elongated holes
‘Deformed attachments.

Subtask 05-51-03-420-001

€. If necassary, install the nose landing gear. Rntir to GEAR,
ROSE LANDING, Installation of the Nose Landing Gear.
(Ref. TASK 32-21-01-400-801)

Sabtask 05-51-03-220-002

D. Do a 3~check inspection of the main landing gear (MLG).
. {(Raf. Pig. 603/TASK 05-51-03-990-803)
{Ref. Tig. S06/TASK 05-51-031-990-818)

Subtask 05-51-03-020-00%

2. If damage was found on the A-check and cannot be repaired,
ramova the main landing gear. Refer to GEAR, MAIN LANDING,
Removal of the Main Landing Gear.

{Ref. TASK 32-11-01-000-801)

TASK 05-51-03-993-810
Main Landing Gesar ~ B-Check Inspection

INSPECTICN AREA CHECK FCR

1 Wheel wall area: ~ Buckled or distorted members
trapezoidal pezael = Elongated fastaner holes
= Broken or bent attachmants.

| 05-51-03
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Continued

INSPECTION AREA CHECK FOR

Whesal well arsa: kesl ' Buckled or distorted mexbars
frame, torgque box and Elongated fastener holes
attachment to wing rear Broken or bent fasteners or
spar fasteners not there.

Wheel well area: aft Buckled and distorted flanges .
pressure bulkhead at Y=1521 and stiffeners : :
¥rinkled, distorted or torn
wvabs
Loose, broken or bant fastenars
or fasteners not thers
Elongated fastener holes
Cracks.

Support bulkhead Cracks, bucklies and wrinkles
in wvabs ,
Cracks, buckles and dsformed
buikhead caps and stiffenars
Cracksd and deformed shear
clips
All mambers for elongated
fastaner holes
Loose, broken or bent
faztaners or fastenars not
theze.

§ If the main landing gear was removed due to damage, do step 6.

6§ Support fitting and support - Signs of intarfarence betwesn
struciure gear structurs during cycle
(clearances ars critical)
~ Signs of deformed pivoe
lugs, pivot pins and other
components.

Subtask 05-51-03-420-002
F. If necessary, install the main landing gear. Refer to GEAR,

" MAIN LANDING, Installation of the Main Landing Gear.
(Ref. TASK 32-11-01-400-801)

05-51-03
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Subtask 05-51-03-220-003

G. Do a B-check inspection of the centar landing gear {CLG).
{Ref. Pig. 604/TASK 05-51-03-990-806)

Subtask 05-51-03-020-006

E. If damage was found on the A~-check and cannot be repaired,
ramcove the centar landing gear. Refar to GEAR, CENTER LANDING,
Removal of the Canter Landing Gear Assembly.

(Ref. TASK 32-15-01-000-801)

TASK 05-51-03-993-811
Cantar Landing Gear - B~=Check Inspection

INSPECTION AREA CHECX PFOR

1 fheel wvml)l arsa: ksel Buckled and distorted members,
torqua box and backup flanges and stiffeners
structure Mrinkled, distorted or torn

: wabs
Loose, brokan or bdent
fastenars or fastsners not
there
Elongated fastensr holes
Cracks.

2 Support bulkhesd g:ack;. buckles and wrinkles
we

Cracked, bduckled and deformed
bulkhead caps and atiffeners
Cracked or deformed shear clips
Elongated fastaner holes in all
meambers
Loose, broken or bent
fastaners or fastsners not
there.

Subtask 05-51-03-420-003

I. If necessary, install the centerline landing gear. Refer to
GEAR, CENTER LANDING, Installation of the Center Landing Gear
Assembly.

{Ref. TASK 32-15- 01-400-801)

05-51-03
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Subtask 05-51-03-220-004

J. Do a B-check inspection of tha fuselage,
(Ref. Pig. 605/TASK 05-51-03-990-808)
{Raf. Pig. 606/TASK 05-51-031-990-818)
(Ref. Pig. 607/TASK 05-51-03-990-811)

HOZE: If there is structural damage to the fuseslage, refer to
the MD-11 Structural Repair Manual {SRM).

TASK 05-51-03-993-812
ruselage - B-chack Inspection

INSPECTION AREA CHECX FOR

1 Extarnal fuselage skin and -~ ¥Wrinkles, buckles, cracks or
- fastaners in these areas: tgars in skin
- = Elongated fastaner holas
- Loocse, brokan or bent
fastecers or fastesners with
heads not therwe.

a Y=400 to Y=460, around
ram air intake ducts

Db T=939 to Y=154),
fully around
fuselage, inecluding
keel

c Y=l54]1l to Y=2007 area
balow main cabin
floor ’

a Y=2100 to Y=2164,
around horizontal
stabilizer pivot point

e Around cornars of
openings for all
sntrances to sarvice

R and cargo doors and
& radius of 28 in.
{63.5 cm) minimum from
corner of each door

S 05-51-03
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Continuved

INSPECTION AREA

CHECX POR

2 Center acCCessory compart-~
mant: pressure panal
under wing front spar

3 Canter accessory compart- "

mant: fuselage skin

Subtask 05-51-03~220-005

= Cracks, distortion and
elongated fastener holes in
all members

- Broken or bent fastaners or
fasteners not there.

~ Cracks and distorticn around
cutouts.

K. Do a B-check incpcction'of :Sc wing.
(Ref. FPig. €08/TASK 05-51-03-990-812)
BOTE: If thers is structural damage to the wing, refer tc the

¥D=-11 Structural Repair Manual (SRM}.

TASK 05-51-03-993-813
wing - B-check Inspection

. INSPECTION AREA

CHEECX FOR

Wing main torque box
structure adjacent to fuel
leaks found in A-check
inspection

Cracked or deformed shear
clips

Crackad, bowed or deformed
stringers

- Crackad, deformed or elongated
attachment holas

Bowved or buckled spar or
pulkhead stiffeners

Cracks in spar caps or
bulkhssds

ioose, broken or bent
fasteners or fastenars not
thera

- Fuel leaks through spars
or tank boundary bulkheads.

EFF: AA ALL

05-51-03
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Subtask 05-51-03-220-006

L. Do a B-check inspection of the horizontal stablilizer.
{Ref. Pig. 60%/TASK 05-51-03-990-82¢)
(Raf. Pig. 610/TASK 95-51-03-990-830)

NOTE: If there is structural damage to the horizontal:

stabilizer and elevators, refar to the MD-11 Structural
Rapair Mancal (SEM).

TASK 05-51-03-993-814
Horizontal Stabilizer Surfaces - B-Check Ianspection

INSPECTION AREA ’ : CHECX FOR

1 Outboard elevator skins Buckles and wrinkiles in skin

Cracksz and dsformation in
trailing-edge mamber
Elongatad fastenar holes
Broken or dant fasteners or
fasteners not thers.
2 Rorisontal stabilizer Fuel leaks through spars or
tank boundary bulkheads.

‘Subtask 05-51-03-220-007 .

M. Do a B-check inspection of the vertical stabilizer.
{Ref. Pig. 611/7ASK 05-51-03~-990-814)
{Ref. Pig. 612/TASK 05=-51-03-990-821)

HOTE: 1If there is structural damage to the vertical stabilizer

and guddarl, refer to the MD-11 Structural Repair Manual
(SRM).

05-51-03

TEESE DATA SUBJICT TO RESTRICTIVE LECIND O TITIR PACE.
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TASK 05-51-03-993-815

Vartical Stabilizer Surfaces -

B-Check Inspection

INSPECTION AREM

CHECKX FOR

5 §

Lower vartical stadbilizer:
external skin panels and
structural doors bound by
Ro. 3 and Ko. 4 banjo
framas and tail pylon
uppsr and lower spars

(Ro. 3 banjo is extension
of vertical aft centsr
spay and No. 4 banjo is
extension of rear spar)

Lowar vertical stabilizer
Ro. 4 bando frame

No. 2 angine inner duct
akxin betwesan Xo. 2 and
Ro. 3 banjo frames

Ro. 2 engine inner duct
skin betwvesn No. 3 and
No. 4 bdanjo frames

Subtask 05-51-03-410-00)

~ Wrinkles, buckles, cracks and
alongated attachment holes in
skin and doors

= Loosa, bant or broken
fagtenars or fasterers
not there.

- Bucklas, cracks and deformad
insboard and ocutdoard ring
flanges and transvarsae
stiffaners

- Buckles and wrinkles in ring
wabs -

- Pillet cracks

- Elongated fastaner holes in
outboard flangas.

= Mrinkles

- Elongated holes in skin

- Loose, broken or hent
fastenars or fasteners not
thars. :

-~ Increasa or decresase of
corract clearance betwean
structure and acoustical
panals.

A. Install the applicahlo panels, floors, insulation, fillets and

othar structure.

EFF: AA ALL

TEEZSE DATA SUMJICT TO ZESTRICTIVE LIGIND OW TITLE PACE.

05-51-03
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subtask 05-51-03-942-002

B. Remove all the tools and eaquipment from the work area. Make
sure the area is clean.

05-51-03

TEEST OATA EUBJICT TO AESTRICTIVE LICEND OW TITLE PACE.
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FEDERAL EXPRESS CORPORATION A S339-mpy~ LYY
Aircraft Structures Engineering N o F
3101 Tchulahoma [ 3 q
Memphis, TN 38118

FAX TRANSMITTAL SHEET

Date: JANUARY 4. 1994

EBRQM: I0:

Name: Mark Yerger | Company: DOUGLAS
Phone: (901) 369-2654 © Name: STEVE YOUNG
Fax Phone: (901) 360-9551 Phone: (310) 593-9312

4 Page(s) Fax Phane:

including transmittal sheet

MESSAGE: I \

OUR MD-11 N61llFE, FUS. NO. 553, WAS INVOLVED IN A HARD LANDING INCIDENT
N 1/4/94. AIRCRAFT HAD 952 HOURS AND 236 CYCLES AT THE TIME OF THE
LVENT. A HARD LANDING INSPECTION HAS BEEN CONDUCTED.

KEY INFORMATION:

1. AIRCRAFT LANDING WEIGHT: 427,200 LBS
AIRCRAFT C.G. 34.4 RELSS10
MAX VERT ACCEL +2.85G
MAX LAT ACCEL -0.456G

2.

2 HARD LANDING INSPECTION HAS BEEN CONDUCTED IN IAW WITH MD-11 MM 05-31- w{
03. THE FOLLOWING WERE NOTED:

1. MILD TO MODERATE BUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM - 3SEG
LONGERON 36 TO LONGERON 48, STATION 535 BULKHEAD TO APPROX. STA.
625, LEFT.AND RIGHT SIDES. SEE ATTACHED SKETCH (ATCH 1). MAXIMUM
DEPTH APPROX. 0.10 INCH AT THE LOWEST BUCKLE ON THE L/H SIDE. ALL
DEFORMATIONS ARE SMOOTH WITH NO CREASES. SUSPECT AREAS WERE
VERIFIED TO BE CRACK-FREE VIA EDDY CURRENT SURFACE PROBE. SKIN
AND STRINGERS WERE ALSO VISUALLY INSPECTED FROM THE INSIDE. NO
DEFECTS NOTED.

PER DOUGLAS RECOMMENDATION, THE BULKEEAD AT STA. 595 WAS INSPECTED
FOR DAMAGE. THE LOWER TEE CAP WAS INSPECTED VIA EDDY CURRENT
SURFACE PROBE. A VISUAL INSPECTION OF THE FORWARD AND AFT FACE OF
THE BULKHEAD FROM LONGERON 36 LEFT TO 36 RIGHT WAS CONDUCTED TO



N FOLLOW UP 21224
.. ZTION REQUIRED EAS 5330~M~11—

LY
-

RELEASE DATE 1-7-94
ENGINEERING AUTHORIZATION PAGE 1 OF S4ee 9.2
e ) reor EHENIERED
FUSELAGE - Plates/Skin - Inspection/Repair Actions Due to Hard Landing g:;gﬁl i%ijff?gi/
TFFECTIVITY FUNCTION: BIGHATURES: -
o Enaa No W
or No. N611FE Maruzl Change - y
UnitDesciption _Fuselage, Sta Mataria) Change Fngneer ‘ v
595-623, L35-48, both Aeration =7
sides " _X__ Repar vanages 4
Mig. PN N/A Crher
Sarial No. N/a FAA of designee (il requred)
CLASSIFICATION REVISION RECORD:
{Alterations or
repairs oniy)
X Major Rev. dé
____ Mnor Dla"!/i‘;/q‘{
€gr 60 L7 pe '
. %#L
lMACH . FAA
EM NO. of dasgnee (1 regqurec)
AEFERENCES!
1. FEDEX E.A. 0550-M11-21299 ]5. {Rev A) DAC MsgSVC-MEM-0124/SFY

2. Fedex Fax (M. Yerger} to DAC, 1-4-94 with attachments
3. Fedex Fax (A. Benjamin) to DAC, 1-6-94
4. DAC Msg SVC-MEM-0014/8FY 11-53-00-00, 1-6-%4 (FAA approval - attached)

TRETRUCTIONS:

N611FE, DAC Fuselage 553, received fuselage damage aft of the nose gear during a
hard landing caused by wind shear/turbulence on 1-4-93, The damage was documented
in Ref 2. An inspection IAW the MD-11 Maintenance Manual was directed by Ref, 1.
Ref. 3 reguested and Ref. 4.provided FAA approval for continued operation of the -
aircraft subject to the constraints listed below, )

BPRICR 0 FURTHER.FLIGHT:

1. Assure inspection per Ref. 1 has been accomplished.

2. Ensure that-a swing ¢f the nose landing gear IAW the MD-11 Maintenance Manuai.,'"
Chapter 32, has been satisfacterily conducted to assure that there is no
binding or neoticeable unusual noises.

3. The ncose gear has been visually inspected and no problems noted. However, an
AML entry should be made and maintained for 30 days after return to service to -
alert flight crews to monitor the nose landing gear during takecffs and
landings for shimmy or any other problem which could indicate damaged
components as a result of the hard landing.

SF1EE08

FOLLOW UP
ACTION-REQUIRED

FedEx M-85 ({SH1) REV 1281 FadEx Publahing Services



=EDE#AL EA# 1-5310-22681

e es ENGINEERING AUTHORIZATION Release Date: 11604
SORPORATION -

Page 1 of 1
——
FUSELAGE- TAIL STRIKE- TEMBORARY REPAIR FOR ONERTIME FERRY FLIGHT h_;.(;:ﬂ;;i,gi_
Aegistry No. Fev A Date: Hev B Date: — A _}; e
NG11FE RELEASE SIGNATURES FUNCTION:
Nomenciature: Engineer: / Engr Engr Minar Reparr
SKIN AND BULKHEAD CRAIG IVANY, Minor Alteration
Part Number: Managaer: Mgr Mgr Maior Repair| v
. JACK SPRI Maior Alteration
Serial Number, FAA/Dasignas: ?Wt FAA FAA Manual Change
— Matanal Change
Hours/Cycles: Is this SFAR 367 |is Foliow-up Req'a? Other
3,868/922 NO YES

IEASON/DISCREPANCY:  During landing &n Anchorage the subject aircraft dragged its tail causing
the following damage. The fuselage skin was damaged from bopgeron SOR to S51L, Sta 1882 to
2040. The Sta 2007 bulkhead was also damaged from X=-24 to X=24. The center 3 vert. fioor
supports at sta 1975 and 1 wert. support at sta. 1987, X=0 were aleo found to be damaged.
Thesstbject damaged area was inspected and all shear clips and longerons are intact but
slightly deformed. The tail drag inspection was accomplished and no other damage was found

‘ZFERENCES: Note: = For major sepairs/aiierabans. this EA must be FAA approved of must reference previousty approved daia. For mings changes which attect
manutaciurers hmits. 1his SeCton Should contan substantating information of reference anached gosumeniatlon

DAC TELEX ISC-MEM-0002/SFY
FAA 8110-3 DATED 11-7-94
SREM 51-38-0%f vol. 1I

N. CTIONS. perform a temporary repair £0 the damaged sKin to enable MECHANIC} CHECK BY
i repair as follows:

1. Fab a doubler from .0BO" 2024-T3 matl. from longeron 49R to SOL,
sta. 1871 to 1997.75.

2. Fab a doubler from .080" 2024-T3 matl. from longeron SOR to SOL,
sta. 1997.75 to 2047.6. Cut out access hole in tail to match
existing cutout.

3. locate repair doublers in place, pick up existing fastener holes in
longerons, shear clips and splice at sta. 1997.75. Add fasteners
as reguired to pick up a min. of 2 rows of fasteners around entire
perimeter of damaded area.

4. Install doublers using 3/16" dia. bolts in longerons and fastener 1.
rows adjacent to Butt splice at sta. 1997.75. Install 3/16 cherry
max rivets at all other locatdéons.

5. All cther remaining damage is acceptable for a one time non-revenue
unpressurized ferry flight from anchorage to LAX for permanent
repair. Permanent repair to be addressed by future Engineering

Autheorization.
-ollow-up ?racking Entered by: Emp. No.: Date.
% . LANTERIM Action Accamplished by: Emp. No. Date: Ret.: WRi/Non-Routne
3. FOLLOW-UP Action Accomplishied by: (if Required) Emp. No.: Date: Rel.. WRI/Non-Routina
= 158 —_—

edEx M-165 [SHY} 10/84 FedEx Reprograpmics Sennces



_ 7?4,@4@:2%
m SPECIAL OR NONROUTINE MAINTENANCE FORM )

PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. _\_Cﬁ zWé

T AGFT NUMBﬁR:‘SERiMIG Z DATE 3. GENERATING ITEM 4. WHEN O!SCOVEREDY S. EMPLOYEE NOJCEAT, NO.

b/ FE 02/58/7% | $3-30/z01 [Em5s | owpr

W -

9

=

!U @UQ’#'“’I W”:f‘ o Ea—( Ue'f/"": &*E}rggc
z.,u#,_m?:? g-6- 75‘ 0%, Jhove wolid factenens snc.

N D
for. LA T 2230 M- 20039 AL iter'C” Chopk
9. EMPLOYEE NOJCERT NO, 16, DATE 11. WORK ERVENDOR
T

08/06/5¢ | /%
13. EMPI.OYEE RT.NC. 14. DATE 15 WORK CENTERWVWENDCR
AUBHFJ l NTERES '
17. ATASUBCHAPTER &t 19. RELIABILITY CONTROL HO.
20 E 77703
CedEs M1B0S B2 LOGOS #135512 VT —— .
AIRCRAFT 611 OISCREPANCY NUMBER 0% (MDD
LMPI 411 53-30 301 19APR MC1 OPEN  LOG:000000 EMP:064415 R
1 #a% LINE MAINTENANCE PLANNING ITEM —Has
2 *********************************fi]&*******i****************************
3 FUSELAGE - PLATES/SKIN - INSP./REPAIR ACTIONS DUE TO HARBLANDING
4 INSP. EVERY 1750 FLT HRS.OR & MONTH.
S /77077270207070777777277777777747 AN NRAR I
6 INSTRUCTIONS: VISUALLY INSF. DAMAGE AREA OF SKIN BETHEEN STA. Y-595 AND -*»
7 Y-415, LONGERONS 34 TO 48 (BOTH SIOES OF FUSELAGE) AT
8 INTERVALS NOT_TD EXCEED 1750 FLT. HRS. THIS INSP, IS TG.
9 BE CONOUCTED BOTH EXTERNALLY AND INTERNALLY, LOOKING FOR’
10 EVIDENCE OF SKIN CRACKS OR FASTENER FAILURE. (SEE E.A.
11 FOR FULL DETAILS) Y
12 * Lo
13 REPAIR: PERMANENT REPAIR NO LATER THAN THE NEXT "C" CHECK.
V& J/77 7000707700777 F7277 77777727777 75 VRV EALA LA L VLA AL AL L LA A A AL
15 REINSP. NLT 3,241 A/C HRS5. B i
SGN  1SJUN 15:08 MEL LOG: 000000 EMP:064415 AF 15087
UNAS 16JUN 18:49 MEL LOG1000000  EMP: 000000

sHab
B

\Mae - /74 lec L5 Kin = Zonge, /ﬂf’e:fzm- Lelions TE"
Do 7o Howe ,{’z.ﬂ/f’m Tz :’.//,7, Uafo Ha 4 L Mol B
.,M&SB”A*‘M/’I-‘ <. E/? J‘Z?a i X i
‘5’4 F’""W"‘pe sed 2 Rivels ow / '%

wkdedr END OF DISPLAY dadktdrddddtdithdhhhhdhhdhtdtbrheddhhinrhhhtdhhdhhkttrrtbnirttteswrihetrtin:
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Ui Y4 PESRVES QBUIavLBOIL - rpyea ach ooenw o
| FOLLOWUP ~ [21224
- ..CTION REQUIR=D TV 5330-M=11-
RELEASE DATE 1-7=94
ENGINEERING AUTHORIZATION PAGE 1 CF = o
THLE AUDITE /:;wc
FUSELAGE - Plates/Skin - Inspaction/Repair Acgions Due to Hard Landinggzigﬁlﬁ? Z ny
EFEECTINOTY FURCTION:— SRERATURES: 7
o Engma o N611FE Merwal Change %
Unit Descripion Fuselage, Sta o Maserial Change oo ! ¢
_595-623, 1L39-48, both , Aloraton #
Les X __ Repai g
Mig PN ____N/A Other TR Senges (TS
Serial No. N/A
CLASSIFICATION REVISION RECQRD:
{Aherations or
repairs only)
X Major Rev. A
— Minor N VAL TAR ‘
Engr (WO L) .
Jf‘é?cyﬁjfé Mgr. I
H A
u:ﬁi NO. __5—3“;?/50/ :rAdelEﬁe{lframmd}
REFERETES
1, FEDEX E.A. 0550-M11-21299 5. {Rev A) DAC MsgSVC-MEM-0124/SFY
2. Fedex Fax (M, Yerger) to DAC, i-4-%4 with attachments
3. Fecex Fax {(A. Benjamin) to DAC, 1-6-94
4. DAZ Mag SVC-MEM-0Q14/SFY 11-53-0G0-00, 1-6-%4 (FAA approval - attached)

[ i - NS

N6.1¥E, DAC Fuselage 553, received fuselage damage aft of the nose gear during a
hard lacding caused by wind shear/turbulence on 1-4-%3. The damage was documente
in Ref 2, An inapection IAW the MD~11 Maintenance Manual was directed by Ref. 1.
Ref. 3 requested and Ref. 4.provided FAA approval for continued cperation of the
aircraft subject to the constraints listed below.

BRIOR 10 FURTHER FLIGHT:

1. Assure inspecticn per Ref, 1 has been accomplished. L AERC

2. Ensure that a swing of the nose landing gear IAW the MD-11 Maintenance Man
Chaptexr 32, has been satisfactorily conducted to assure that there is no
binding or noticeable unusual ncises.

3. The nose gear has been visually inspectad and no problems noted. Howevér, ==
AML entry should be made and maintained for 3¢ days after return to sefvice --
alert flight crews to monitor the nose landing gear during takecoffs and
landings for shimmy or any other problem which could indicate damaged
components as a result of the hard landing.

AF152BY

FALOW UP

FedEx M-585  {SHY) REV 1291 FadEx Publishing Servces —NGTION REQUIRED e . - ’ f




‘z: - I EAs 5330-M11-21224

ENGINEERING AUTHORIZATION PAGE 2 OF F =
-
EQLLOW UP:
1. Until a permanent repair ls accomplished, visually inspect damaged area of akin

between stations Y=555 and Y=515, longerons 36 to 48 (both aides of fuselage)
at intervals not to exceed 350 flight hours. This inapection is to be
conducted both externally and internally, looking for evidence of skin cracks
or fastenar fajilure. Discrepancles found must be dispositioned through DAC
prior to further flight. (Aircraft Structures Engineering will coordinate this
activity.) .

2. If an additional hard landing is encountered, prior t9 further flight contact
DAC for additional inspection requirements=. ({(Aircraft Structures Engineering
will coordinate this activity.)

3. Accomplish the permanent repair no later than the next C check {currently
scheduled for Nov 94)., The parmanent repalr will be developad by DAC and will
be provided to FEDEX. The permanent repair will be FAR approved. (Aircraft
Structures Engineering will coordirate a2ccomplishment.)

REV A - 19 Apr 84

Per ref 5, the repetitive inspections at 350 fiight hours are canceHed._ Instead,

the inspection is to be accomplished at intervals not to exceed 1750 flight hours or

six {6) months from the last inspection. Repetitive inspections are required until
"{ terminated per Option 1 of Ref 5. The revised inspection frequency is FAA approved.

AF 13270

FedExM-105 (SH2) 3783 FEC Reprographics Services i .
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FEDERAL EXPRESS CORPORATION ' E4 S130-my— LATLY
Alrcraft Structures Engineering -, £

3101 - Tchulahoma Vi3 ¢ q
Memphls, TN 38118

.-

FAX TRANSMITTAL SHEET

Date: JANUARY 4, 1994

EROM: ‘ IQ:
Name: Mark .Yerger Company: DOUGLAS
Phone: (901) 369-2654 Name: STEVE YOUNG
Fax Phone: (901) 360-9551 Phone: (310) 593-9312
4} Pagas(s) Fax Phone:

Including transmittal sheet

MESSAGE: l :

OUR MD-11 N611FE, FUS. NO. 553, WAS INVOLVED IN A HARD LANDING INCIDENT
ON 1/4/%4. AIRCRAFT HAD 952 KOURS AND 236 CYCLES AT TEE TIME OF TEE .
. EVENT. A HARD LANDING INSPECTION HAS BEEN CONDUCTED.

KEY INFORMATION:

1. ATIRCRAFT LANDING WEIGHT: 427,200 LBS
AIRCRAFT C.G. 34.4
MAX VERT ACCEL +2.85G
MAX LAT ACCEL -0.45G
2. +

A HARD LANDING INSPECTION HAS BEEN CONDUCTED IN IAW WITH MD~11 MM 05-21~ f

03. THE FOLLOWING WERE NOQTED: P ";;
riwd

R+

1. MILD TO MODERATE BUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM B _il'-?
LONGERON 36 T0O LONGERON 48, STATION 595 BULKHEAD TO APPROX. STA. P )

625, LEFT AND RIGHT SIDES. SEE ATTACHED SKETCH (ATCH 1) . MAXIMUM o
DEPTH APPROX. 0.10 INCH AT THE LOWEST BUCKLE ON THE L/H SIDE. ALL 3
PEFORMATIONS ARE SMOOTH WITH NO CREASES. SUSPECT AREAS WERE 4
VERIFIED TO BE CRACK~FREE VIA EDDY CURRENT SURFACE PROBE. SKIN )
AND STRINGERS WERE ALSO VISUALLY INSPECTED FROM THE INSIDE. NG

DEFECTS NOTED.

PER DOUGLAS RECOMMENDATION, THE BULKHEAD AT STA. 3585 WAS INSPECTET

— N e

FOR DAMAGE. THE LOWER TEE CAP WAS INSPECTED .VIA EDDY CURRENT
SURFACE PROBE. A VISUAL INSPECTION OF THE FORWARD AND AFT FACE 2T

- e

THE RULKHEAD FROM LONGERON 36 LEFT TO 3€ RIGHT WAS CONDUCTED 717
AF13291 S



WM R
T PO P e A wy

;’E/‘\th ~ml~T1ity

y v
FAY TO DOUGLAS ON MD-11 553

1/5/%4

PAGE 2

g

CHECK FOR CRACKS, LOOSE QR DAMAGED FASTENERS, CR DEFORMATION. NO
DEFECTS WERE NOTED.

FER DOUGLAS RECOMMENDATION, THE NOSE WHEEL WELL SIDE BULKHEADS
WERE VISUALLY INSPECTED FROM WEEEL WELL SIDE ONLY TO CHECK FOR
CRACKS, LOOSE OR DAMAGED FASTENERS, OR DEFORMATION. NQ DEFECTS
WERE NOTED.

2, DURING PYLON INSPECTION OF NO. 1 ENGINE, CRACKING OF THE PAINT AND
SEALANT AROUND THE AFT PYLON ATTACH FITTING WAS NOTED AS SHOWN ON
ATTACHMENT 2. NO DEFORMATION OR DAMAGE WAS NQTED ON THE FITTINGS
OR ATTACHING HARDWARE.

NO CTHER DEFECTS HAVE BEEN NOTED. THE AIRCRAFT WILL UNDERGO FURTEER
EVALUATION DURING A "B" CHECK TO BEGIN TCDAY.

BASED ON TEE ABOVE AND DISCUSSIONS HELD WITH DCUGLAS PERSONNEL, FEDEX
RECOMMENDS THE FOLLOWING:

i COMPLETE THE "B" CHECK ON THE AIRCRAFT AND ENSURE NO QTHER DEFECTS

ARE FOUND,.
2. OPERATE TEE AIRCRAFT WITH THE BUCKLES "AS IS." PERFORM EXTERNAL

VISUAL INSPECTION AT "B" CHECK INTERVALS TO ENSURE NO CRACKS,
LOOSE OR MISSING FASTENERS, OR OTHER DAMAGE.

3. WITHIN 60 DAYS, PROVIDE DOUGLAS ENGINEERING AN OPPORTUNITY TO
INSPECT THE AIRCRAFT AT OUR LAX FACILITY FOR FURTHER DISFOSITION
AND/OR PERMANENT REPAIR INSTRUCTIONS., PERMANENT REPAIR (POSSIBLE
SKIN SECTION REPLACEMENT OR AN INTERNAL DOUBLER}, IF REQUIRED,

WOULD BE ACCOMPLISHED AT THE NEXT "C" CHECK, UNLESS FURTHER DAMAGE Hf ;

I8 NOTED. "

3

PLEASE REVIEW AND PROVIDE CONCURRENCE OR ALTERNATE PLAN. BECAUSE f

PERMANENT REPAIR WILL BE CLASSIFIED AS "MAJOR", PLEASE PROVIDE FAA ¢ L aE

APPROVAL FOR THIS REPAIR PLAN, -V3;“‘

B .

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT ME AT YOUR CONVENIENCE. S %gé

. o

Regards, ’ :

7 S O e )

/ - {If - T g / > L
Mark Yerger
Manager

ireraft Structures Engineering

AFL15272
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FRINTED /LBREV 020 071TGM O7JAND4  LEMEM 0005 O719AM O7J4MNO4" MED GE3944 L EME!
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CREV 020 O731TAM 97JANSA
OMER 0003 0P19AM 07JANSS MSU 053944 CAS3I0-my -~ 122"

V‘a - -
LENEM LALEC COEY , T § oF ﬁ
SVC~MEM—0014 /SFY 1 1=EZe00-00 . & Jan 94

(13 REFLY REQUIRED

70 D.®E. SCHREMF, MEMFHIS
FROM: M.E. CUFLEY/SFY, C1-L32 (76-40)
DOUGLAS AIRCRAFT COMFANY, LONG BESCH
SuB: HARD LANDIMG -~ FORWARD FUSELAGE DAMAGE,
MD-13 FUBELABE 5C3
REF: NEHQSUC—QQO7/DES. DTD £ Jan <4
TlLE: D22DET
AFTES EVaALUATION BF DAMMEE REFORTED IM REF anND OMSITE \

trlSF R ITION BY C. CHILVERES - DAC STRESS EMGINEEFR, THE
AIRCRAFT I8 ACCEFTABLE FOUR CONTIMUED SERVICE FEOVIDED
THE FOLLOWING IS s#CCOMFLIZHED.

SWING NOSE BEAR TO ASSURE MO EINDING OR MOTICEABLE
CUHUBLL NOISES,
G, VISUALLY THSFECT DAMAGED AREA GF Stin BETWEEMN STATIONS
Y=SQE D v=61F5 FROM LONGERONS 36 710 qa C L/H AND RoH
SIDE> FOIH EXTERNALLY &MD INTERNALLY. INSFECTIONS 70 EE
AT 380 FLIGHT HOUE THTERVALS L00F ING qu FAILED FASTENERS
OF SkIM CARECHE. IF ANY LISCREFANCIES ARE FOUNMD CONTACT o
DAC PEFORE FURTHER FLIGHT FOR RECIMMENDATIGME. %
IF ANY ALDITIONAL RARD LAMDING IS EXFERIEMCED., CONTACT DAL ;
BEFORE FURTHER FLIGHT FOFE IMSFECTION EEOUIREMENTS.
3. FERMANENT REFALR TO EE ACCOMMELISHED AT NO LATER THAN

MEXT ' CHECE (CURFENTLY SCHEDULED FOR MOV 94).

FERMAMER T REFAIR TO BE DEVELOFED Ky DAC AND FEOVIDED 1O FM. b

FERMAMENT REFATR WL BE FAA APFROVED. '

[
L]

THE ABCVE DISFOSITION RHAS BEEM SHOMN TO COMPLY NITH THE
TYPE CERTIFIUATION EBASIS FOR THE AIRCRAFT AMND IS Fas &FPEDVED.

FESARDS L

QFl 2Fh



RN

Me=

e IMMESSAGE STOTUS /HEADERNMMIHNHNAMHMUMHNHNMHMNNNSHIHHEMH SN i
Wit . JUBREV 043 ¢ AM O7MAR®4  LEMEM 0Q0& 1S37FM O7TMARD4 MSO G39973  LEMEM L:
ot P PR ISR ot A EE S LS BI BSBS 1T ST M MM BB I MM IS 1 S MM B ST MMM FE L MM M ST M B M I 5 M L A 1

v 0717RM O7MARTA . o
1= ez IBEI7PM Q7MARS4 MSG O0T9973 ;,S 37(/ — M ] | o~ 7. 12T l-,
c L COFY ‘ M- 9 r ﬁ
-~ u128 /SFY 11-53-Qu=00 7 MARCH 54 NEL A

Se  IRED

SCHREM”, MEMFHIS

M.b. CURLEY/SFY, Cl-L3d (7&—40;

iy
(wailnS AlRCRAFT COPANY, LONG BEACH
daz .t WANDING ~ FORWARD FUSELAGE DAMAGE,

Mi~-11 FUSELAGE S3S3
: SVC-MEM-LUL4/8F Y, DL & JaN 94
<: rictm

: MESSAGE AFFROVED CONTINUED SERVICE OF SURJ AIRCRAFT
M Sy IN WHIMIAES BETWEEN FRAME STATIONS Y=S9% AND Y=61%
M LONGERONS 36 TO 48. REF STATED THAT REFAIR WAS TO
COCUMELISHED AT THE NEXT ‘C‘ CHECK. IN NOV 94. SURSEQUENT
', ADDITVIONAL EVALUATION BY DAC HAS DETERMINED TH&T
. FOLLOWIMG OFTIONS ARE ACCEFTAELE FOR STRENGTH.

TIoN 1 -
_ICE IM & NEW SECTION OF SKIN BER ROD SHETCH 94-01-07-0u1

[CH WOULD DELETE REQUTREMENTS FOR SFECIAL REFEII|IVE !
SFECTIONS. ROD SKETCH 94=01-07-001 1§ FAA AFFROVED. ¢
10N 2 - 4

SNTIMUE REVENUE SERVICE WITH WRINELES AS FEFODRTED WITH
SETITIVE VISUAL INSPECTIONS OF THE WRINMLED SeiIN BOTH !
TERMALLY AMD EXTERNALLY AT IMTERVALS NOT TO EXCEED 1750
IGHT HOURS OKR & MONTHS, WHICHEVER OCCURS FIRST. MNO

AalR IS REQUIRED. IF ANY aADDITIOMAL DAMAGE IS FOUND,

NTACT DAC FPRIOR TO FURTHER FLIGHI. ALSO, NOTIFY DAC OF

Y ADDITIONAL HARD LANDINGS. THE ARODVE INSFECTION INTERVALS
¢ BE INITIATED AT THIS TIME AND SUPERSEDE INSFECTION
TERVALS M REF. OFTION 2 IS FAA AFPROVED.

2 ALS0 COMCURS WITH AN FM FROPOSED INSERVICE EVALUATION FOR
STALLATION OF A TEXTRON BORON EOMDED REFAIR COVERING A SINGLE
wGEERON/ FRAME BAY IN THE WRINKLED AREA OF THE SKINM.

3F 7S
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FEDERAL EXPRESS CORPORATION

Aircraft Structures Engineering Y3 0 © q
3101 Tchulahoma
Memphis, TN 38118

v FAX TRANSMITTAL SHEET
Date: JANUARY 4, 1894
EROM: I0:

" Name: Mark Yerger ' Company: DOUGLAS
Phone: (901) 369-2654 Name: STEVE YOUNG
Fax Phone: (901) 360-9551 Phone: (310) 593~9312

4‘ Page(s) Fax Phone:

including transmitial sheet

MESSAGE: I \

QUR MD-11 NGLIFE, FUS. NO. 553, WAS INVOLVED IN A HARD LANDING INCIDENT
CN 1/4/94. AIRCRAFT HAD 952 HOURS AND 236 CYCLES AT THE TIME OF THE
EVEKT. & HARD LANDING 1INSPECTION HAS BEEN CONDUCTED.

KEY INFORMATION:

1.

2.

A HARD LANDING INSPECTION HAS BEEN CONDUCTED IN IAW WITH MD-11 MM 05-51-~

03.

1"

AIRCRAFT LANDING WEIGHT: 427,200 LBS

AIRCRAFT C.G. 34.4
MAX VERT ACCEL +2.85G
MAX LAT ACCEL ~0.45G

THE FOLLOWING WERE NOTED:

MILD TO MODERATE BUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM
LONGERON 36 TO LONGERON 48, STATION 595 BULKHEAD TO APPROX. STA.
625, LEFT AND RIGHT SIDES. SEE ATTACHED SKETCH (ATCH 1). MAXIMUM
DEPTH APPROX. 0.10 INCH AT TEE LOWEST BUCKLE ON THE L/H SIDE. ALL
DEFORMATIONS ARE SMOCOTH WITHE NO CREASES. SUSPECT AREAS WERE
VERIFIED TO BE CRACK-FREE VIA EDDY CURRENT SURFACE PROBE. SKIN
AND STRINGERS WERE ALSO VISUALLY INSPECTED FROM THE INSIDE. NO
DEFECTS NOTED.

PER DOUGLAS RECOMMENDATION, THE BULKHEAD AT STA. 595 WAS INSPECTED
FOR DAMAGE. THE LOWER TEE CAP WAS INSPECTED VIA EDDY CURRENT
SURFACE PROBE. A VISUAL INSPECTION OF THE FORWARD AND AFT FACE OF
THE BULKHEAD FROM LONGERON 36 LEFT TO 36 RIGHT WAS CONDUCTED TO

AF12473

o

LA SSsv-optl— — 1Lt
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FAX TO DOUGLAS ON MD-11 553
1/5/94
PAGE 2

CHECK FOR CRACKS, LOCSE OR DAMAGED FASTENERS, OR DEFORMATION. NO
DEFECTS WERE NOTED.

PER DOUGLAS RECOMMENDATION, THE NOSE WHEEL WELL SIDE BULKHEADS

WERE VISUALLY INSPECTED FROM WHEEL WELL SIDE ONLY TO CHECK FOR

CRACKS, LOOSE OR DAMAGED FASTENERS, OR DEFORMATION. NO DEFECTS
WERE NOTED,

2. DURING PYLON INSPECTION OF NC. 1 ENGINE, CRACKING OF THE PAINT AND
SEALANT AROUND THE AFT PYLON ATTACH FITTING WAS NOTED AS SHOWN ON
ATTACHMENT 2. NO DEFORMATION OR DAMAGE WAS NOTED ON THE FITTINGS
OR ATTACHING HARDWARE .

NC OTHER DEFECTS HAVE BEEN NOTED. THE AIRCRAFT WILL UNDERGO FURTHER
EVALOATION DURING A "B® CHECK TO BEGIN TODAY.

BASED ON THE ABOVE AND DISCUSSIONS HELD WITH DOUGLAS PERSONNEL, FEDEX
RECOMMENDS THE FCOLLOWING:

1. COMPLETE THE "B" CHECK ON THE AIRCRAFT AND ENSURE NO OTHER DEFECTS
ARE FOUND.
2. QOPERATE THE AIRCRAFT WITH THE BUCKLES "AS IS." PERFORM EXTERNAL

VISUAL INSPECTIONR AT "B" CHECK INTERVALS TO ENSURE NO CRACKS,
LOOSE OR MISSING FASTENERS, OR OTHER DARMAGE.

3. WITHIN 60 DAYS, PROVIDE DOUGLAS ENGINEERING AN OPPORTUNITY TO
INSPECT THE AIRCRAFT AT OUR LAX FACILITY FOR FURTHER DISPOSITION
AND/OR PERMANENT REPAIR INSTRUCTIONS. PERMANENT REPAIR (PQSSIBLE
SKIN SECTION REPLACEMENT OR AN INTERNAL DOUBLER), IF REQUIRED,
WOULD BE ACCOMPLISHED AT THE NEXT "C" CHECK, UNLESS FURTHER DAMAGE
IS NQTED,

PLEASE REVIEW AND PROVIDE CONCURRENCE OR ALTERNATE PLAN. BECAUSE
PERMANENT REPAIR WILL BE CLASSIFIED AS "MAJOR", PLEASE PROVIDE FAA
APPROVAL FOR THIS REPAIR PLAN,

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT ME AT YOUR CONVENIENCE.

Regards,

Mark Yerger
Ma}nager . ) AE1527«
Aircraft Structures Engineering
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= RELEASE DATE 9/22/9¢
ENGINEERING AUTHORIZATION PAGE 1 OF g
S—TITLE .
FUSELAGE, STA. Y = 595 TO Y = 615, LONG. 36L TO 48L.,,,
BORON _DOUBLER EVALUATION ay: N,
EFFECTIVITY FUNCTION: SIGNATURES: DATE;
Raegistry, Asset ‘
or Engine No. NG6T1FE Manual Change
Unit Description MD-11F Material Change
Alteration
. Magafer JACK W. SPRINGER
Repair
AC SerialNo. 48604 X Other
EVALUATION FAA or designae {if required)
TST 3519 _ CLASSIFICATION  REVISION RECORD:
Alerations or
CYCLES 813 Eapairs only) Rev.
MFG. PN Maior Date
]
SERIALNO. N/A Minor Engr '
Mgr.
VaacH FAA
EM NC. or designee {ff required)
C
REFERENCES:

1, MD-11 SRM, VOL.XII, CH. 51-62-01 AND CH. S1-71-00 s
2. BOEING SPECIFICATICN NUMBER D658-10183-1 ’

3. ATACS MODEL 0810 REFERENCE GUIDE

4. E.O. 2-5110-7-3207

5. FAX TRANSMISSION FROM TEXTRON SPECIALTY MATERIALS, DTD 9/22/94
6. E.A. 5310-M11-22060

ANSTROCTIONS L

THIS E.A., GIVES INSTRUCTIONS FOR THE APPLICATION OF THE BORON DOUBLERS ON THE L/H
SIDE OF A/C 611. THE DOUBLERS WILL BE APPLIED QVER THE SKIN WRINKLES FOUND FROM
FUS. STA. ¥ =595 TO Y = 615, FROM LONGERON 36 TO LONGERON 48. REFERENCE FIG. 1 AS
WELL AS THE ACTUAL SIZE MAPPING OF THE DAMAGE AND DOUBLERS.

NOTE, THESE INSTRUCTIONS REFER TO THE APPLICATION OF DOUBLERS #2 AND #4 ONLY (REF
F1G.1), HOWEVER, WITH TIME PERMITTING DOUBLER #1 MAY ALSO BE INSTALLED.

THE APPLICATION OF THE BCORON DOUBLERS IS AN EVALUATION PROJECT IN CONJUNCTION WITH
McDONNELL DOUGLAS AND TEXTRON. THE APPLICATION COF THE DOUBLERS DOES NOT CONSTITUTE
AS A FINAL REPAIR, AT THIS TIME, FOR THE SAID WRINKLES ABROVE.

EQLLQW-UR:

UPON COMPLETION OF THIS E.A. NO FURTHER ACTION OR FOLLOW-UP IS REQUIRED PER THIS
E.A. ENGINEERING WILL ISSUE ADDITIONAL DOCUMENTATION TO REFLECT FOLLOW-UP ACTIONS
AT A LATER TIME,

A 19482 -

FedEx M-165 (SHY) REY 1297 FadEx Publishing Services



l 5 : ’ ' EA# 5320-M11-22058

. ENGINEERING AUTHORIZATION PAGE 2 OF 8

r DETAIL INSTRUCTIONS MECHANIC RII/INSP.

THE SURFACE PREPARATION USING THE "P.A.C.S5."™ SYSTEM WILL BE DONE
ON DOUBLERS #2 AND #4. BONDING WILL PROCEED ON THESE TWO NOT REQ'D; NOT REQ'D
DOUBLERS ONCE THE SURFACE PREPARTATION HAS BEEN COMPLETED.
NOTE, ALL WORK WILL BE DONE USING CLEAN, LINT FREE GLOVES.

REFERENCE ACTUAL SIZE FIGURE OF DAMAGE AND DOUBLERS AS NECESSARY.

v

1. MASK THE AREAS TO CONTAIN THE BORON DOUBLERS APPROXIMATELY NOT REQ‘D
THREE TO FOUR INCHES BEYOND THE DAMAGE. REFERENCE FT .
MAPPING THE DAMAGE AND THE FULL SIZE SKETCH MAPPING OF THE RM:
DAMAGED AREA. 88515
~
H
2. PERFORM A FASTENER MAPPING BY MAKING A RUBBING OF THE NOT REQ'D

FASTENERS AFFECTED BY THE BORON DOUBLERS. THE RUBBING WILL BE
USED TO IDENTIFY THE FASTENERS OVER THE DOUBLERS AS NEEDED FOR
NDI. THE FASTENER LOCATIONS WILL ALSO BE NEEDED WHEN , s??&
FACILITATING PERMANENT REPAIR. o
SUBMIT FASTENER MAPPING TO ENGINEERING.

USING DENATURED ALCOEOL OR SOLVENT (1,1,1 TRICHLOROETHANE CR NOT REQ’D
- EQUIVALENT), PREPARE MARKED AREAS TO RECEIVE BORON DCUBLERS.
USE DOUBLE SOLVENT WIPE METHOD., PROVIDE A WATER BREAK FREE
SURFACE ON THE ALUMINUM SKIN BY USING A SCOTCH BRITE PAD BY -
HAND AND MODERATE CIRCULAR SCOURING FOR 5 TO 10 MINUTES. 7a3

a’m

4. USING ONLY DISTILLED OR PURIFIED WATER, SPRAY THE PREPARED
SURFACE WITH A HEAVY CONCENTRATION OF WATER. A WATER BREAK -,
FREE SURFACE SHOULD BE WITNESSED FOR 30 SECONDS. 5a

5. NO BREAK HAS BEEN WITHNESSED. C.K. TO CONTINUE,
RMG ﬁ'ﬁ
?9515

6. AFTER ACHIEVING SUCCESSFUL WATER BREAK ALLOW AREA TC AIR DRY. ROT REQ’'D
DO NOT TQUCH AREA.

7. ANY AREAS NOT TO RECEIVE THE "PACS® ANODIZATION PROCESS NOT REQ'D
IMMEDIATELY, SHOULD BE BAGGED AND PROTECTED FROM SURROUNDING
WORK AREA. MARK THE OUTSIDE OF THE BAGGING MATERIAL "READY Rbic
FOR PACS™. 8951.

AF 15487

FedEx M-185 (SH2) 383 FEC Reprographics Services ‘
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ENGINEERING AUTHORIZATION PAGE 3 O©OF

B

bR INSTRUCTIONS CONT'D

MECHANIC

RII/INSE.

8. SEAL FASTENER HEADS WHICH WILL BE AFFECTED BY THE APPLICATION
OF THE BORON DQUBLERS. BE CAREFUL WHEN SEALING NOT TO
CONTAMINATE THE SURFACE, SINCE IT HAS ALREADY PASSED THE WATER
BREAX FREE SURFACE TEST. SEAL A5 FOLLOWS:

NOT REQ‘D

A. MIX ATACS 4103 ADHESIVE PER MANUFACTURER'S ;gg%s
SPECIFICATION.
B. USING A SMALL PAINT BRUSH, DAB THE FASTENER HEADS WITH
THE ADHESIVE. BE CAREFUL NOT TO ALLOW THE ADHESIVE TO
DRIP AND CONTAMINATE THE SURFACE.
C. ALLOW THE ADHESIVE TO CURE. CURE TIME IS 15 MIN, AT
6€5-80 DEGREES F.
)
S. ANY AREAS NOT TO RECEIVE THE “PACS™ ANODIZATION PROCESS NOT REQ'D
IMMEDIATELY, SHOULD BE BAGGED AND PROTECTED FROM SURROUNDING MG
WORK AREA. MARK THE OUTSIDE OF THE BAGGING MATERIAL "READY 9513
FOR PACS".
10. PERFORM THE PHOSPHORIC ACID ANODIZED CONTAINMENT SYSTEM
{(*PACS™) PROCESS PER DOCUMENT D658-10183-1 SECTION 5.2 AND .
SECTION 6.6.9.2. ALSO REFERENCE THE ATACS MODEL 0810 GUIDE, 38 FE-23
SECTION 3. YRS
-
11. AFTER COMPLETION OF "PACS™ PROCESS ALLOW AREA TO AIR DRY NOT REQ’D
USING HEAT LAMPS AS NECESSARY. MG
99513
12. VISUALLY INSPECT THE ANODIZED AREA FOR A PURPLISH-GREEN COLOR
(USING A POLARIZER IS RECOMMENDED (SEE D658-10183-1, SECTION
6.6.9.2)). NO PITTING OR UNUSUAL COLOR PATTERNS ARE ALLOWED.
NO VOIDS LARGER THAN .5 SQ. IN. WITHIN ETCHED AREA ARE
ALLOWED. RMG -3
IF ANY DISCREPANCIES ARE FOUND REPEAT STEPS 3 THRU 7 UNTIL 99513
SUCCESSFUL RESULTS ARE ATTAINED.
13. ANODIZED AREA HAS BEEN INSPECTED AND HAS PASSED AS DESCRIBED Rvg
ABOVE. O.K. TO CONTINUE. 993?3 FE23
pF 1548

FedEx M-165 (SH2) 283 FEC Raprogeaphics Services
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ENGINEERING AUTHORIZATION

PAGE 4 COF

8

A INSTRUCTIONS CONT'D

MECHANIC

RII/INSP.

i4.

APPLY BR127 PRIMER ONE HOUR MAXIMUM AFTER PART HAS DRIED.
APPLY A THIN COAT OF PRIMER {(.90001" TO ,0003" (.1 TO .3 MIL)}.
CURE THE PRIMER USING ONE OF THE FOLLOWING METHODS:

1. CURE PRIMER AT 250 DEGREES F +/- 10 DEGREES F FOR 60-70
MIN. PLACE TWO OR MCRE THERMCCOUPLES ARQUND THE PRIMER
PERIPHERY WHEN USING PORTABLE HEATING DEVICES, STATICN THE
THERMOCCUPLES AT THE WIDEST POSSIBLE SRMPLING DISPERSION
ARQUND THE UNCURED PRIMER. REF. MD~11 SRM, VOL.II, CH.
51-62-01, FIG. 18 FOR BAGGING.

2. AIR DRY THE PRIMER AT AMBIENT CONDITIONS UNTIL ALL SOLVENT
HAS FLASHED OFF. DRYING TYPICALLY TAKES 30 MIN. AT 70
DEGREES F. THE CURE MAY BE ACCELERATED BY THE USE OF HAND-
HELD HEAT GUNS. ©DO NOT BOIL CR BLISTER THE PRIMER WHEN
USING HEAT GUNS. DG NOT EXCEED 220 DEGREES F AT THE
SURFACE. DO NOT TOUCH PRIMER SURFACE,

v
29613

NOT REQ'D

15,

IF BONDING WILL NOT BE PERFORMED IMMEDIATELY, PROTECT ALL
PRIMED BOND SURFACES FROM CONTAMINATION BY APPLYING A
NONCONTAMINATING COVER OVER THE AREA UNTIL READY FOR BONDING.
PROTECTION CAN BE PROVIDED BY TAPING A SHEET CF KRAFT PAPER,
PVA, NYLCN, TEFLON, ETC., OVER THE AREA.

RNMG
3518

NOT REQ'D

16.

REMOVE THE PREIMPREGNATED BORON/EPOXY TAPE FROM THE FREEZER.
ALLOW THE PREPREG TO THAW AT ROOM TEMPERATURE NQT TC EXCEED
100 DEGREES F UNTIL ALL CONDENSATION HAS EVAPORATED FROM THE
EXTERICR COF THE SEALED BAG.

CAUTION: DO NOT UNSEAL THE BAG UNTIL CONDENSATION HAS
COMPLETELY EVAPORATED.

NCT PREQ’'D

17.

FREEZER OUT TIMES SHALL BE RECORDED FOR ALL TIME AND
TEMPERATURE SENSITIVE MATERIAL AND NOTED ON THE ROLL CONDITION
LOG.

NOTE: BORON/EPOXY MANUFACTURER GUARANTEES 10.5 DAYS GUT-TIME
AT 70 DEGREES F. MATERIAL QUT TIME IS REDUCED ABQVE 80

DEGREES F. oe7 06,89 Y/ 21y /94

RMG
99513

18.

REMOVE THE FM73 OR AF163-2 FILM ADHESIVE FROM THE FREEZER.
ALLOW THE ADHESIVE TO THAW AT ROCM TEMPERATURE NOT TC EXCEED
140 DEGREES F UNTIL ALL CONDENSATION HAS EVAPORATED FROM THE
EXTERIOR OF THE SEALED BAG.

CAUTION: DO NOT UNSEAL THE BAG UNTIL CONDENSATION HAS
COMPLETELY EVAPOTATED.

RMG
89213

NOT REQ‘D

19.

VERIFY THE DIRECTION OF THE PLY LAY-UP AS SHOWN IN FIG. 2.
NOTE THAT THE "("™ DIRECTION WILL BE APPLIED IN THE HOQOP
DIRECTION (RUNNING CIRCUMFRENCIALLY}.

rE-23

FedEx M-185 (5H2} 383 FEC Reprographics Services
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ENGINEERING AUTHORIZATION

PAGE 5 OF

8

L INSTRUCTIONS CONT'D

MECHANIC

RIT/INSE.

20. PLY LAY-UP IS SIMILAR TQ THAT SHOWN IN FIG. 2.
O.K. TQ CONTINUE.

+

RMG
99513

21. CUT THE FILM ADHESIVE (GRADE 10) 1 PLY FOR EACH BOND FAYING
SURFACE. DO NOT FOLD OR STRETCH THE ADHESIVE FILM., ONE
ADDITIONAL PLY OF ADHESIVE MAY BE DESIRABLE FQOR USE ON AREAS
WITH SURFACE IRREGULARITIES. CUT ADHESIVE TO THE SHAPE OF THE
DOUBLER SUCH THAT IT OVERLAPS THE EDGE OF THE DOUBLER BY
APPROXIMATELY ONE EXIGHTH INCH (1/8").

CAUTION: FILM ADHESIVE SHALL BE CUT IN AN AREA FREE FROM
CONTAMINATES. CLEAN, NONCONTAMINATING GLOVES SHALL BE WORN
DURING ALL CUTTING AND HANDLING OPERATIONS.

-

WA

9gS13

22. CARRY THE NECESSARY AMOUNT OF FILM ADHESIVE AND BORON
DOUBLERS TO THE A/C COVERED IN NONCONTAMINATING PAPER.

NOT REQ'D

23. APPLY THE ADHESIVE TO THE BONDING SURFACE. REMOVE THE BCTTOM
PEEL PLY FRCM THE BORON DOUBLER AND POSITION THE DOUBLER,
LARGEST PLY ON THE BOTTOM, OVER THE ADHESIVE AS SHOWN IN FIG.
2. APPLY ONE PLY OF PEEL PLY OVER THE ENTIRE TOP SURFACE OF
THE DOQUBLER.

NOT REQ'D

Tt, VACUUM BAG THE DOUBLERS PER MD-11 SRM, VOL.II, CH. 51-62-01,
SECTICN J. ENSURE THAT A MIN. OF THREE THERMQCQUPLES EXIST
7 FOR EACH DOUBLER TO VERIFY TEMPERATURE OF CURE PROCESS.

NOT REQ'D

25. CURE THE DOUBLERS AT 250 DEGREES F, +/- 10 DEGREES F, AT 15
+/- 2 IN., HG, FOR 90 MINUTES. RAMP FROM AMBIENT TO CURE
TEMPERATURE AT 4-6 DEGREES PER MINUTE HEAT-UP RATE.

NOT REQ'D

26, RAMP DOWN AT 4-6 DEGREES F PER MINUTE MAXIMUM FROM CURE
TEMPERATURE TO LESS THAN 140 DEGREES F UNDER FULL PRESSURE

BEFORE RELIEVING PRESSURE AND REMOVING BAGGING MATERIAL.

RMG
29513

NOT REQ’D

27. AFTER REMOVAL CHECK FOR EXTERNAL FLAWS. ADHESIVE SHALL BE
CONTINUQUS ARCUND THE PERIPHERY OF THE DOUBLER. THE SURFACE
OF THE BORON EPOXY DOUBLER SHALL BE FREE FROM BLISTERS AND
PITS.

’RMG
93513

FE-16

28, PERFORM ULTRASONIC INSPECTIONS ON THE BORCN DOUBLERS.
VOIDS OR DEBONDS IN THE BOND LINE AS DETECTED BY ULTRASONIC
METHODS SHALL NOT EXCEED REQUIREMENTS SET FORTH:

1. VOIDS AND DISBONDS SHALL NOT EXCEED .25" IN ANY Zlouee
DIMENSIONAL DIRECTION. ﬁﬂyQA1123

2. VOIDS AND DISBONDS SHALL NOT EXCEED 2 IN ANY DOUBLER AND
BE SEPARATED BY 3 IN. MINIMUM.

NOT REQ'D

Ay

FE16

IDENTIFY AND PLOT ANY ANAMOLIES FCOUND PER APPROPRIATE
PROCEDURES.

-

RoT “Q'f-ﬂme

FedEx M-165 (SH2) 83 FEC Reprogmphics Services
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. ENGINEERING AUTHORIZATION PAGE 6 OF 8
B A INSTRUCTIONS CONT'D MECHANIC RII/INSP.
30. PREPARE THE SURFACE FOR PRIMING BAND PAINTING BY MASKING THE ¢ NOT REQ'D
DOUBLER AREA TO ESTABLISH A PERIPHERAL WORKING AREA ARCUND THE ‘iSW-;D;-
DOUBLER. . 4z,
31. SOLVENT CLEAN WITH 1,1,1 TRICHLOROETHANE OR EQUIVALENT, USING NOT REQ'D
A CLEAN LINT-FREE CLOTH. WIPE THE SQLVENT DRY. DO NOT ALLOW NDe
IT TQ EVAPORATE. - ;9]429
32, APPLY ANY OF THE IMPACT RESISTANT PRIMERS SPECIFIED IN DMS i NOT REQ’D
2144. . i4zy
33. USE ANY OF THE TOP COAT IMPACT RESISTANT PAINTS SPECIFIED IN MDo NOT REQ'D
DMS 2143, 131429
BND :
1
AF 15487

3
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c :
MID =1 & | rrguT wiNe AD WINGLET - STRUCTURAL INSPECT §7c1214 | 05/03/94 2/2 |

ENETA® MOTE

"7 A GENERAL VISUAL INSPECTION IS A VISUAL EXAMINATION THAT WILL DETECT OBVIOUS

UNSATISFACTORY CONDITIONS/DISCREBANCIES, SUCH AS CHAFING OF TUBING, LOOSE DUCT SUPPORT,
WIRING DAMAGE, CABLE AND PULLEY WEAR, FLUID LEAXS, INADEQUATE DRAINAGE AND FOR CTHER
CONDITIONS WHICH COULD LEAD TO CORROSION/DAMAGE. WHENEVER PHYSICALLY POSSIBLE,
INSPECTIONS WILL BE CONDUCTED WITHIN TCOUCHING DISTANCE UNLESS OTHERWISE STATED.

A DETAILED INSPECTION IS AN INTENSIVE VISUAL EXAMINATION OF A SPECIFIED DETAIL, ASSEMBLY,
OR INSTALLATION. IT SEARCHES FOR EVIDENCE OF IRREGULARITY USING ADEQUATE LIGHTING AND,
WHERE NECESSARY., INSPECTION AIDS SUCH AS MIRRORS, HAND LENS, ETC. SURFACE CLEANING AND
ELABORATE ACCESS PROCEDURES MAY BE REQUIRED.

1. CLEAN AREA TC BE INSPECTED; AREA SHOULD BE FREE OF DIRT, OIL AND FLUID SPILLS.

NOTE: REMOVAL OF CORROSION INHIBITING COMPOUND IS REQUIRED ONLY IF INDICATION OF
DETERIORATION EXISTS OR VISIBILITY OF SURFACE IS IMPAIRED.

2. RIGHT WINGLET - GENERAL VISUAL INSPECTION:

A. DO A GENERAL VISUAL INSPECTICN FOR ACCIDENTAL DAMAGE AND ENVIROMENTAL DAMAGE
OF THE UPPER WINGLET AND LOWER WINGLET ATTACH FITTINGS AND BOLTS THRU ACCESS
PANEL OPENINGS. .

)

3. RIGHT WING AND WINGLET - DETAILED INSPECTION:
A. DO A DETAILED INSPECTION FOR ACCIDENTAL DAMAGE OF THE LOWER WINGLET, TRAILING
EDGE, AND UPPER WINGLET TIP (REF. SSI PHOTO 57.31.01 FIGURE PAGE 1).
B. DO A DETAILED VISUAL INSPECTION FOR ACCIDENTAL DAMAGE AND ENVIROMENTAL

DAMAGE OF THE COCMPOSITE QUTBUARD FLAP /ND FLAP VANE STRUCTURE HINGE AND
FITTING ATTACH POINTS AND SURROUNDING STRUCTURE, WITH FLAPS EXTENDED
(REF. SSI PHOTO 57.57.02 FIGURE PAGES 2 AND 3}.

C. DO A DETAILED VISUAL INSPECTION FOR ACCIDENTAL DAMAGE AND ENVIROMENTAL DAMAGE
OF THE COMPOSITE OUTBOARD AILERON ATTACHMENT FITTINGS AND SURROUNDING
STRUCTURE (REF. SSI PHOTC 57.63.02 FIGURE PAGES 4 AND 5).

]4. APPLY CORRQOSION INHIBITING COMPOUND AS NECESSARY.

.:)

o i AF10081
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TECHNICAL RESESENCES ! ZONES CARD NG - PAGE

QIS /MBETEITAT S

TTNQ SPECIAL TOOLS OR MATERIALS REQUIRED.

GINFRAE? NOTE

A GENERAL VI3SUAL INSPECTION IS A VISUAL EXAMINATION THAT WILL DETECT OBVTIOUS
UNSATISFACTORY CONDITIONS/DISCREPANCIES, SUCH AS CHAFING OF TUBING, LOOSE DUCT SUPPORT,
WIRING DAMAGEZ, CABLE AND PULLEY WEAR, FLUID LEAKS, INADEQUATE DRAINAGE AND FOR OTHER
CONDITIONS WHICH COULD LEAD TC CORROSION/DAMAGE. WHENEVER PHYSICALLY POSSISLE,
INSPECTIONS WILL BE CONDUCTED WITHIN TOUCHING DISTANCE UNLESS OTHERWISE STATED.

ORIG 2 MD=13L | A8 17 1955 57C1212

CHECKED BY ACCOMP BY REV.DATE | TOTAL PGS. AC TYPE CATEACCOMP | CARD NO.

FE-21 I XOOOXXX T 1. RIGHT WING (EXTERNAL) - INSPECT

1 9.6.6.¢ 6.0 5.6.¢ 4 BN INSPECTION DOORS - CHECK
12

AFE1LOOTE

H DL ]
T 7T C 1 2 1 2
. WORK CARD TITLE ~ AIRCRAFT NO.
|_\ Sign Off's . _
?C) Complete | RIGHT WING (EXTERNAL) - CHECK NGILIFE




CTVRE WORK CARD THLE | _CARDNG_ | _AEV.DATE . PAGE

FIGHT WING (EXTERNAL) - CHECK & §7¢1212 orzc | 2,2

1. DO A GENEIRAL VISUAL INSPECTION OF THEI RIGHT WING AND PYLON FROM THE GROUND. PAY
PARTICULAR ATTENTION TO THE FOLLOWING ITEMS.

A. PYLON PANELS, SKIN.
B. DRAIN MASTS.
C. WING SKIN/PANELS LEADING AND TRAILING EDGES, TIP. STATIC DISCHARGES.
D. LEADING AND TRAILING EDGE FLAPS/SLATS/SPOILERS Aﬁﬁ?ﬁ&nc TRAILING EDGE CAVAT:
(WITH FLAPS AND SLATS EATENDED) .
E. CONTROL SURFACES AND POWER CONTROL UNITS FOR OBVIOUS LEAKAGE
F. FUZL JETTISON NOZZLE FOR LEAKAGE.
G. . GROUND REFUELING PANEL PLACARD FTOR CONDITION AND LEGIBILITY.
2. WING HINGED/LATCHED SERVICE INSPECTION DOORS.
A. MAKE SURE DOORS LATCH AND UNLATCH CORRECTLY.

AF L0079
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SPECIAL OR NONROUTINE !
MAINTENANCE FORM

*
Federal ExprESS Frunt Cleariy, Uoe BI0ch nn, atigam Paa Cnly,

NO. 22

1 ACFT NUMBER:SERIAL NO | 2 OwIE 3 GENERATING iTEM | = EMPLOYEE NG CERT WO I 5 MALFONGTION CODE

& OiSCA PAR!/C;Y// = : 08’/3 //‘;S— S7Cr268 773 /7/$/J ! OO~
Soro/f //(z"mdc;(r/ /J/c’ﬁ £ 4HR O/,j &Sl n-,[ ’LM le//-/

a//:—;/a C/3 7[/(19 l/g/?ﬁ’ ) ;5/4,9 Arvoc £ f()//g’ Dot * /
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7. FUNCTIONAL 8. At 9. MAJOR 10, MAJOR 12. ACCESS 1.
TEST AEQUIRED D D REPAR ALTERATION D /7227 / PANELS 13. PART NO. REQUIRED | -0

15, RECOMMENDED ACTICN

Lhiopecd DAMaAGlD o flen - RePoinr pns
NOCOSShNy FRes e ace Dapmace

‘r a “h‘l"‘n
X ‘ 57_-%0-09

Z/-62-0) 2
16 CORRELCTIVE ACTION

geﬁuﬁe.f dw/%/?m Eletpb 2-0/ I/)aam sz fmZZ

BFST0O7
A SV TAG NUMBER 17B S¥C TAG NUMBER 17C SVC TAG NUMBER 170 SVE TAG NUMBER [
| S 01 D CLOSEDD i
ITEMS LIST 1
10A WIFG P K Oh 198 S N OFF 18C SN ON 155 PGS 9E REASON
" |
20. MECHANIC SIGNATUR 21 EMPLOYEE NO CERT nG 22 DATE <3 WORK CENTEANENDOR -
! I ~ ? 7 7 ? b "'{.—-
. 2727 G- 7-9s OO /gy
nED By ;:5 A e 25 EMPLOYEE NO CERT I\C 26 DATE 27 WORK CENTERNVENDOR
v _ é ) P3 S -7 19 OO
15 28, ATA/SUBCHAPTER 8. MC 20NE 30. SKILL . #F MER 32, EST. HAS. I i3, Ml!.E STONE CODE(S) 34 WORK DRDER NO
S0 |wo |28 | /| 4.4 B ss 67102
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m SPECIAL OR NONROUTINE MAINTENANCE FORM
‘ PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. 60 /

1. ACFT NUMBEWS;EFIML NO. 2. DATE 3 GENEHATING ITEM l WHEN DI.S(}OVERED!’ S EMPLOYEE NOCERT. NO

G UFE. $/le/ 7‘ KL30-171- b 755~
1 & OISCREPANCY E?f"#" &330 -] - // ae./&_;b -‘%és/d/{/d-/ - 45'&4:.//04.}

ﬁpmc. fretioms Due o fand Qaﬁ%_ se —

- J I!HIN!IIIQIJIIJ"!LII!I{HII il

B FECOMMENDEDACTION — AULIT
L b .

L TR A _ AF 15505
A 2 i . AT ' ,‘;_..,}-."-.: Feoad *———______________-__—‘_
e R :rsz?c.:fch’ﬁ‘rrmr toin_and Lobrece o apeas | RULI §
Lnoted. wg rﬂcr Jamu - )QQ_QL 13222 I#sﬂecfe/ Iui"eruatf L/ 4

j;';(cﬁi I-”'Cfnq/ Por?Lftq
G' brond. Complitrl reinspetion per
b'/(- 5_33‘) f"“"-’é 2!299 -ro//ow u;/ <Ftep /.

8. MECHANIC SBMWHE ?.. D ‘| 9. EMPLOYEE Nb {CEAT WO, 10, DATE 11. WORK CENTER/WVENDOH
—ow [ AT
G2 vl y,,m ENTERep {3295 05//7/?‘7/ /4§
12 ANBUY BACK JATE~ oZ] 13. EMPLOYEE NOJGEAT NO. 18 DATE 15, WORK CENTERAVENDOR
" 1
168, TOTAL MAN-HOURS 17. ATNSI.BC‘HA*EH - . 18. DATA ENTERED BY 19. RELIABILITY CONTROL NO.
7.0 53-30 .~ . |[E 53572
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FEDERAL EXPRESS CORPORATION | E45330-mpr- LizrYy
Alrceaft Structures Engineering Ly oF §

310t Tchulahoma !

Memphis, TN 38118 :

FAX TRANSMITTAL SHEET

Date: JANUARY 4, 1994

EROM: : - I0:

Name: Mark Yerger Company: DOUGLAS
Phone: (501) 369-2654 Name: _ _ STEVE_YOUNG
Fax Phone: (901) 360-9551 Phone: {310) S593-9312

4 Page{s} Fax Phone:

including transmittal sheet

MESSAGE: '

OUR MD-11 N§11FE, FUS. NO. 553, WAS INVOLVED IN A HARD LANDING INCIDENT
ON 1/4/%4. AIRCRAFT HAD $52 HOURS AND 236 CYCLES AT THE TIME OF THE
EVENT. A HARD LANDING INSPECTION HAS BEE. CONDUCIED.

KEY INFORMATION:

1. AIRCRAFT LANDING WEIGHT: 427,200 LBS
AIRCRAFT C.G. 34.4
MAX VERT ACCEL +2.85G
MAX- LAT ACCEL -0.45G

2,

A HARD LANDING INSPECTION HAS BEEN CONDUCTED IN IAW WITH MD-11 MM (5-5i-
03. THE FOLLOWING WERE NOTED:

1. MILD TO MODERATE BUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM
LONGERON 36 TO LONGERON 48, STATION S95 BULKHEAD TO APPROX. STA.
625, LEFT AND RIGHT SIDES. SEE ATTACHED SKETCH (ATCH 1). MAXIMUM
DEPTH APPROX. 0.10 INCH AT THE LOWEST BUCKLE ON THE L/E SIDE. ALL
DEFORMATIONS ARE SMOOTH WITH NO CREASES. SUSPECT AREAS WERE
VERIFIED TO BE CRACK-FREE VIA EDDY CURRENT SURFACE PROBE. SKIN

AND STRINGERS WERE ALSO VISUALLY INSPECTED FROM THE INSIDE. NO
DEFECTS NOTED,

PER DOUGLAS RECOMMENDATION, THE BULKHEAD AT STA. 595 WAS INSPECTED
FOR DAMAGE. THE LOWER TEE CAP WAS INSPECTED VIA EDDY CURRENT
SURFACE PROBE. A VISUAL INSPECTION OF THE FORWARD AND AFT FACE OF
THE BULKHEAD FROM LONGERON 36 LEFT TO 36 RIGHT WAS CONDUCTED T0O

" BF15493



EAY 330 -mi~Lizey
Ve g oF p

FAX TO.DOUGLAS ON MD-11 553
1/5/%4
PAGE 2

a-
CHECK FOR CRACKS, LOOSE OR DAMAGED FASTENERS, OR DEFORMATION. NO
DEFECTS WERE NOTED.

PER DOUGLAS RECOMMENDATION, THE NOSE WHEEL WELL SIDE BULKHEADS
WERE VISUALLY INSPECTED FROM WHEEL WELL SIDE ONLY TO CHECK FOR
CRACKS, LOOSE OR DAMAGED FASTENERS, OR DEFORMATION. NO DEFECTS
WERE NOTED.

2. DURING PYLON INSPECTION OF WO. 1 ENGINE, CRACKING OF THE PAINT AND
SEALANT AROUND THE AFT PYLON ATTACHE FITTING WAS NOTED AS SHOWN ON
ATTACHMENT 2. NO DEFORMATION OR DAMAGE WAS NQTED CN THE FITTINGS
OR ATTACHING HARDWARE.

NO OTHER DEFECTS HAVE BEEN NOTED. THE AIRCRAFT WILL UNDERGC FURTHER
EVALUATION DURING A “B" CHECK TC BEGIN TODAY,

BASED ON‘THE ABOVE AND DISCUSSIONS HELD WITH DOUGLAS PERSONNEL, FEDEX
RECOMMENDS THE FOLLOWING:

1. COMPLETE THE "B" CHECK ON THE AIRCRAFT AND ENSURE NO OTHER DEFECTS
ARE FOUND.
2. OPERATE THE AIRCRAFT WITH THE BUCKLES "AS IS." PEGFORM EXTERNAL

VISUAL INSPECTION AT "B"™ CHECK INTERVALS TO ENSURE NO CRACKS,
LOOSE OR MISSING FASTENERS, OR OTHER DAMAGE.

3. WITHIN 60 DAYS, PROVIDE DOUGLAS ENGINEERING AN OPPORTUNITY TO
INSPECT THE AJIRCRAFT AT OUR LAX FACILITY FOR FURTHER DISPOSITICN
AND/OR PERMANENT REPAIR INSTRUCTIONS. PERMANENT REPAIR (POSSIBLE
SKIN SECTION REPLACEMENT OR AN INTERNAL DOUBLER), IF REQUIRED,

WOULD BE ACCOMPLISHED AT THE NEXT "C" CHECK, UNLESS FURTHER DAMAGE
IS NOTED.

PLEASE REVIEW AND PROVIDE CONCURRENCE OR ALTERNATE PLAN. BECAUSE
PERMANENT REPAIR WILL BE CLASSIFIED AS "MAJOR", PLEASE PROVIDE FAA
APPROVAL FOR THIS REFAIR PLAN,

IF YOU HAVE ANY QUESTIONS, PLEARSE CONTACT ME AT YOUR CONVENIENCE.

Regards,

/ ,/‘.-vw'-' -

Mark Yerger
Manager ' o
ilrcraft Structures Engineering >

s
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RELEASE DATE 1/7/94 f‘
ENGINEERING AUTHORIZATION PAGE 1 OF 2 .

E BY : NO.
UNSCHEDULED MAINTENANCE CEECKS = RARD LANDING INSPECTION DAE K
EFFECTWTY T A :
Ragity. Asse Noi - R e
- FE Change - . =
Unlt Deserpten Metarie! Changa el P
Almration “— -
Repair b Y
Mig. P/N __jg__Cer
Serial No. or e
CLASSIFICATION REVISION RECORD:
{Alterations or
repairs only)
—_ Major Rev.
o Mner Dzm i
Engr
Wgr.
MACH FAA )
iTEM NO. or dosignee (i qulred)
"REFERENCES:
1. ER 5330-M11-21224
2,
TRSTRUSTIONST
DISCREPANCY:!

Subject aircraft suffersd a hard landing upon arzival at MEM on 1/4/%4.
Inietial inspection revealed mild to moderate buckling ¢f the skin and

attaching longerons from loagezcon 36 to longeron 48, left and right sides,
betwean sta Y595 and Y625,

DISPOSITION:

1, Condutt a hard landing inspection on the airgragt in accordance
. with MD-11 Maintenance Manwal 05-51-03, with the follewing

. changesa:
MECRHR _ TNSF
a. Based on visible damage sft of the nose gear
- Bulkhaad at sta. ¥585, remove floor and sidewall ‘
= liner from the lower forward cargo compartment to d—" \y
facilitate internal visual inspection of the ' 1y
damaged area.
A ' AF1L4822
FedEx M-188 (s:l‘niv 1291 FedEx Publighing Sarvices —
A
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6550-M11-21229

ENGINEERING AUTHORIZATION PAGE 2 OF

fairing to inspect the upper surface of the No. 2
engine aft ongine mount structure. Visually '
inspect the attach kbolts and PLI washers from the
lower side for condition and security.

2
Ex
¥, Visually inspect the inner skin surface and the thﬂﬁ
longerons in the damaged area for cracks and/or a@& s&qs
locne or missing fasteners. g
¢. EBddy currant inspect the lower bulkhead Tee cap at M R‘:‘; fase
Y5985, longaron 36 left to 36 right to verify no cﬁ:e 'ﬂdii
cracks in radius. Qﬁaaiég]u r
160 pAE
d. Visually inspect the Y595 bulkhead and both nose UM
landing gear sidewal) bulkheads for cracks, FEJE
deformation, and loose or missing fasteners, qqah
e, It is not necessary to drain and re-service the
landing gear struts and check for metal-to-metal
contact between the piston and c¢ylinders.
£. It is not necessary to zremove the upper "bheattail”

END

Based on reports received by Engineering from this inapection, the
following findings were evaluated:

a.

b.

The noted damage to the skins aft of the nose gear bulkhead.
No cracks or damaged fasteners were found in this area,

A section of paint was found damaged and the fillet seal
separated at the No. 1 engine pyvloen aft upper attach fitting

on the wing =ide.

If additional damage or suspsct araas are notad, contact Aircrafs

Structures Engineering prior to fuzther flight.

findings axe addressed in ER $330-M11-21224.

The above noted

4y

AF145ZT
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— e b -



SPECIAL OR NONROUTINE MAINTENANCE FORM _ )
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A GENERATING 1TEM 4. WHENmD‘\CSCOVEREOF
PE TION CODE ? :7 ‘? ,_’, 7 /"/
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,KZA/ /700 ,j//Z _S;mzcu/a/ Tﬂ.ﬂ_.

o

-mﬁz_é’;mmvw"m-

Nl
- : e ‘ Rgit O

ow s zﬁ#fwt 4%7, S 7 ¢

e I xiwrﬂ

¥

1y, WORK CENTER ENDDH
15. WORK CF TERNENDOR
TH S

19. RELIABR.TY CONTAOL NO.

D 49502
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€nE -‘ SPECIAL OR NONROUTINE MAINTENANCE FORM .
¥ PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. / OS /

1. ACFT NUMBE RISERAL NC 2 BATE 3 GENERATING ITEM 4. WHEN DISCOVEREDY S EMPLOYEE NO KCERT NO
= MALFUNCTION CODE

A -~
!/ 07_33 7Y $310-m11-1206D F2I14/FEZ 5y

& DISCREPANCY

&pun Zz.r?w’e’r?’}#}? o!—‘ .Z"ﬂfe:-;m ie.ruL@améé,LL@ﬁl(:{ @A Eﬂ#?
Y . o

- 38 iy . .o : - C‘;GHY‘ . At

oo /ZGMM‘( { 6/@19 er 1o afte <lecyance. . - | RILB

.&/c/w Covrent Trim /¢£§¢:«1_ ‘gc’xac[_’f zﬂ‘l& *' i

T’A/M/léﬁ) DovrLe)2 10 W OABFASPIC T,

pporel.  fBer ﬂcﬂugm PLE - 1929
B o T (o M o/ '
B. MECHANIC $IGNATURE 9 EMPLOYEE NOJCEHI-_ 10 DATE 11 WORK CENTERNVENDOR
[S1557Y 07297 |s Shectnetyl
1Z. Rl BACK 13 EMPLOYEE NO /CERT. KRG 14 DATE 15, WORK CENTER/VENDO!
7 . - |
FE 5 0241 G 24 94T 7 %0
v |18, TOTAL MAN-HOURS v 17. ATA{SUBCHAPTER 18. OATA ENTERED BY . 19. RELIABILYWY CONTROL NO.
/72 g-2A0 . aFisTes D '7n219
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I, SPECIAL OR NONROUTINE MAINTENANCE FORM

ae PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. / OS T
1. ACFT NUMBERFSERIAL NO. 2 DATE 3 G_yE:{aTiNG ITEM 4, W'HEN OISCOVEREDY 5. EMPLOYEE ND ({CERT NO
MALFUNCTION CODE
é// 07 &Y ¢ fj/p-mf/-.ilo:-’éo IP076/FE 2
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- SPECIAL OR NONROUTINE MAINTENANCE FORM
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/O YD

£, EMPLOYEE HO ICERT. NOD.

6. NSCREPANCY

N/ S5Fn. 595 AFT

1. ACFT HUIMMRER'SERIAL NO. 2. DATE 3 GENERATING ITEM 4. WHEN DISCOVEREDY
3? £R. ek MALFUNCTION CODE
61/ R 9¢ |:s370zmirsaiziiooos 79016 /rE2F

\ Iqw-_; Bulbbend Uertrnl ileb E xhbite Apprev. 1 ¢ Areas o F
&Mﬂwgaﬁac&mﬁqﬁwﬂﬂmﬂ@m@mma@ﬁw&@l
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- |
s
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70% NSp Eyer [So & ?c_/rj /‘?’f:{#.fi{qﬁ‘ s/

¥Rl O
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-
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SPECIAL OR NONROUTINE MAINTENANCE FORM
o Fosd
PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. 05

' CFT NUMBE AVSERIAL NO. 2. CATE 3. GENERATING ITEM 4 w:m &ISCOVERED: 5. EMPLOYEE NOJCERT. N
.l 0F/R0/F7 |53-30 /554 | Mricronce 97 G479
I6 DISCREPANCY

Fa,s;fz./ﬂaﬁ' ,7/,6//-': /-S'/(//A/ LS00 ///Z !yxzc:j,q/ —r.u_;;p
ST /7 ,477/—}1:.///167/ ({:’JI/F'JZ.)

P\
b7
¢ ENTER

% ASTERARALS /:ZE&J_aa.:__&‘zZZwa—-xz. #R2 _ Sra Rl OJ
k‘ti@ [tz /oé/&')
f—/ffé/—gt/@z.j é‘/’ EA) =LY S’r

6A. RECOMMENDED AGTION . .

R e T T A

M/Jc%._ ‘45&.. 5779'- W2

A Gz sz p“{/f-’-—— Orv A
Y ey d
B MECHANIC S&NITUHE 7 9. EMPLOYEE NQUCERT. NO. 10, BATE -
——,—,— (F .75/5’//
12, Al BW y FE_‘S 13. EMPLOYEC NO/CERT. NO. 14 DKTE 15. WCAK CENTERVENDCOR
G 2632 Iacfoy | THp
16, TOTAL MAN-HOURS . 17. ATASSUBCHAPTER , . |An. DATAENTERED BY o7 | 19. RELABASTY CONTROL NO.
R e mg3eQo D 49502
¥ M1805 892 LOGOS 4135512 -

"REFERENCES:
1. DAC MSG SVC-LAX-0157/SFY | 2. E.A. 5330-M11-21039 . 3. FUS 853
4. E.A. 5330-M11-21224 S. DAC MSG SVC-MEM-0124/SFY 6. E.A. 5320-M11-22057
7. WOQC09229401 8. DAC MSG LAX-SV(C-0184/SNM
INSTRUCTIONS:

This E.A. Is issued as a follow up 10 E.A, §330-M11-21224, REV “A," which covers repetitive inspections and subsequent
permanent repair to fuselage skin at C check in September 1994, Pnor to commencement of repair work, additional
inspections were performed per E.A, 5320-M11-22057.and additional damage was found in the STA 595 bulkhead area.
As required by DAC Msg SVC-MEM-0124/SFY, additional damage was reported to Douglas Aircraft prior 1o further flight
and FAA approval was obtained for repair data described herein.

ATTENTION MOCC: FOLLOW UP REQUIRED

This E.A. provides instructions for irterim repair 1o STA 595 bulkhead web doubler at X=42, This E.A. also provides for i
new repetitive inspection requirements that supersede those in E.A."s 5330-M11-21038 and 5330-M11-21224, )

1. Interim repair to STA 595 bulkhead web doubler is to be performed per pages 2 - 4 of this E.A.

2. Repetitive visual inspections are to be performad at intervals not to exceed 150 landings per instructions on
pages 5 - 7 of this E.A.

*  Permanent repair to be accomplishied no later than 1200 landings from this date.
Details of permanent repair will be coordinated by LAX Engineering with DAC over the next 90 days . Pemanent
repair will require major repair to the STA 595 bulkhead in addition to the previously approved fuselage skin splices for
both the LH and RH sides per E.A. 5330-M11-21224. Permanent repair is estimated to require approximately 4 - 6
weeks down time. LAX Engineering will supply pretiminary list of required materials by JAN. 1, 1895,
AF L5393

FedEx M-185 (SH') REY 1291 FedEx Publishing Services .il )




22060

BATT . wi e
FE“HH | = -—i@#i}f EA¥ 5310-M11-22060 A

RELEASE DATE 26 SEP 94

ENGINEERING AUTHORIZATION PAGE 1 OF 7

TmE FUSELAGE - MAIN FRAME, STATION 5385 PRESSURE BULKHEAD, INTERIM REPAIR

EFFECTIVITY FUNCTION: SIGNATURES:
Registry, Assel
oregflfgge Nz?o N611FE Manual Change Signed by William ©. Cusato $/23/9%4
Unit Description _MD-11F Material Change Enginear William O. Cusate
STA 535 PRESS BULKHEAD Abltaration Siqned by Jack W. Springer 9/23/9%
X Repair Manager Jadc W. Springer
A/C SeriaiNo. 48604 Other
- FAA or designee {if required)
T3T 3519:10 CLASSIFICATION REVISION RECORD:
{Alterations or
CYCLES 813 rgpairs Oﬂi)’) Rev. &
MFG. PIN NCAB244-515 Major Date _9/26/9%- /)
SERIALNO.  N/A X Minor Engr L
MACH
“TEM NO. oéfasignee (# requirad)
REFERENCES:
I1. DAC MSG SVC-LAX-0157/SFY 2. E.A. 5330-M11-21039 3. FUS 553
4, E_A. 5330-M11-21224 5. DAC MSG SVC-MEM-0124/SFY 6. E.A. 5320-M11-22057
7.  WOC0822940% 8. DACMSG LAX-SVC-G184/SNM ~ = ——————
N NS

This E.A. Is issued as a tollow up to E.ALR330-M11-21224, REV “A,” which covers repetitive inspections and
subsequent permanent repair to fuselage skin at & check in September 1594, Prior to commencement of repair
work, additional inspections were performed per E.A. 5320-M11-22057 and additional damage was found in the
STA 585 bulkhead area. As reqguired by DAC Msg SVC-MEM-0124/SFY, additional damage was reported {o
Douglas Aircraft prior to further flight anki FAA approval was obtained for repair data described herein.

ATTENTION MOCC: FOLLOW UP REQUIRED

This E.A. provides instructions for intesim repair to STA 595 bulkhead web doubler at X=42. This E.A. also provides for
new repetitive inspection requirements that supersede those in E.A."s 5330-M11-21039 and 5330-M11-21224,

1. Interim repair to STA 595 bulkhead web doubler is to be perdormed per pages 2 - 4 of this E.A.

2. Repetitive visual inspections are to be performed at intervals not to exceed 150 landings per instructions on
pages 5 - 7 of this EA.

3. Permanent repair {o be accomplished no later than 120¢ landings from this date.
Details of permanent repair will be coordinated by LAX Engineering with DAC over the next 80 days . Pemmanent
repair will require major repair to the STA 595 bulkhead in addition to the previously approved fuselage skin splices
for both the LH and RH sides per E.A. 5330-M11-21224. Permanent repair is estimated to require approximately 4
- 6 weeks down time. LAX Engineering will supply preliminary list of required materiais by JAN. 1, 1985.

]
.

AFLDITE

FedEx M-165 (SH1) REV 1287 FedEx Pubiishing Services

.



v ' ‘ 220L0"A"
EA# 5310-M11-25960

ENGINEERING AUTHORIZATION PAGE 2 OF 7
Repair instiuctions MECHAN! Rl / INSPECTION
1.  Gain access to LH air conditioning compartment and remove fasteners in STA 595 / ﬁ;‘lﬁ
builkhead to allow installation of repair doubler and trimming ¢of web. See attached ‘#//_;:(‘7(7 é
sketch. -
_ . Lk NOT
2.  H# access permits, slikde scrap section 0.020 stainless steel or titanium between /‘ REQ

STA 595 bulkhead web and verticai leg of tee to protect vertical leg of tee. %

3.  Trim .25 inch wide siot in doubler only where web is creased. Siot to exten )
approximately 2 - 3 inches from lower edge of web 10 aliow instatlation _. _Jbler £m7 /

without excessive preload. See attached skeich.
4.  Perdormm Eddy Current inspection to verify no gracks exist in trim area. j FE. 26

#7774
2

NOT
5.  Fabricate repair doubler per attached sketch from 2024-T3 clad, 0.125 thick. ’ REQ
T2 7/
. . 181554 NOT
6.  Locate doubler on forward side of web and back drill 20 ea existing hi-lok holes to . REQ
0.185 dia. Back drili 10 ea existing rivet holes to 0.198 dia. See attached sketch. -
vea NOT"
7. Layout and drill 16 ea repair fastener holes to 0.185 dia per attached sketch . AEQ
. NOT
8. Remove doubler. Apply Alodine 1200 and FR primer to all exposed aluminum - REC
surtaces. .
9.  OKTOINSTALL DOUBLER. ' 18765, ¢S
10.  Install repair doubler wet with PR1422 or equivalent. 35’5’34)% FE5;
11. Reinstall details removed for access and restore area to normmat configuration. ;cu:,fo fE5;
- . “185¢
AgTATLs el 73T fW_#HIOZ‘? “Ritp
1¢3%
LIST OF MATERIALS:
11= . NAME ~MATERIAL _SZE
1. DOUBLER 2024-T3 0125 X6X 18
CTTaFisIes T
FodEx M-165 (SH2} 383 FEC Reprographics Services .
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1 #2
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SPECIAL OR ONROUTINE MAINTENANC! 'ORM

PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. ; 00\

1. ACFT HUMBEFUSERIAL NC 2 DATE 3. GENERATING ITEM 4. WHEN DISCOVEREDY 5 EMPLOYEE NO/CERT NO.
MALFUNCTION
G 1) / /08/ adg s3-v0 /627 QOGE 49490

8. DISCREPANCY

F:.uSELAGIE STta, 595 pressS. Bult head jalerm
2 pat- (o  F.A. 1=8310~22 060 ~~

."EI;;JJ‘[U! Ladieg ih‘)/

8A RECOMMENDED ACTION BY : M3 7
i Yy gy }i ha ¥ o} P [

T UATC

F

T ;W’E!CTION . . .
Doy ptiZ A earrrae st von)  SFEse, o4 Rl

SRIO=pI) ~PROGOAR  PPirE STors T rBOvaiR rasy

/@“( ,"’K':’ F) ;'”.".‘ 1 ,_T..__!,“I‘ AUD’IE‘) /A“!NH:HFI-
e B ) s
DATE T 1/ %

9 EMPLOYEE NO CFRT NG 10 BATE 11 WORK CENTERNVENDOR

OGO // //u 744 §/ m
13 EMPLOYEE NOQ FDERT ND 4 DATE v 4 15 WORK CENTERNVENDOR

A A
O

18, TOTAL m? . 17, ATNSUBCHAPTER 18. GATA ENTERED BY 19. RELIABMLITY CONTROL NO.
' f O

£3210 D 48710




SPECIAL or NON-ROUTINE Maintenance Form

PRINT Clearly and Use Black Ball Polnt Pan ONLY

T

NO. _S001

1. AIRCRAFT NUMBEH z. DATE 3. GENERATING ITEM e
NGTIFE 07/21/95 EA 1-5310-23155 |
STV SYY

5. EMPLOYEE NOJCERT. NO.

33372

6. DISCREPANCY C/W EA 1-5310-23155

REAGE, STA. Y=595 TO Y=619, LONG. 36t TO 48L.-BORON DOUBLER INSPECTICN

PGS

7. CORRECTIVE ACTION /)
/e Gl 27 ru’n? e,

i . &
-M?/!{,-?]ﬂﬂ ,:-.f;/l’t"r -ZJ( AZT é]«’ {zg 4@y f -l
Llep Opced A Cpoein  Otig pre oM

8. MECHANIC S!GN&TUHE‘ ; 8. EMPLOYEE NOQJCERT. NO. . DATE '—ﬁ
) - "/; _:' ‘) "'"/ J h‘)_‘)- I
iy 7 #2852 B
12. Bl BUY BAC P 13. EMPLOYEE NO./CERT. NO. DAY M 15. WORK CENTER
1 ’;-E.o4 0 (/ Q e . -
Ji ! 2l :

41006 REV 842 FadEx Pubihing Sevioes




: -5310-23155
CELERAL EA#: 1-5310-2315

:gnzﬁo'ni TON ‘ ENGINEERING AUTHORIZATION Release Date: _____ 1/26/95

Page 1 of 4

aT
U oAGE, STA. ¥Y=585 TO Y=619, LONG. 361. TO 48L - BORON DOUBLER INSPECTION

RegisTy No. Rev A Date; Rev B Date: - X
N611FE RELEASE SIGNATURES FUNCTION:
Nomenciature: EWW Ergr Engr Minor Repair
MD-11 BORON DBLR. . ﬂ(sam{ BARDYGULA Minor Alweration
EVALUATION y .
3at Number: : ' Mor rw }
N/A JACKR W. STRINGER Major Alteration
Sarial Rumber. FAVUesignow. FAA FAA Manual Change
N/A Material Change
Tours/Cycies: Jis iz SEAR 367 [16 Follow-up Oter| X
4627/1087 | NO YES BORON INSP.
ZASONDISCREPANCY:

DURING "B" CHECK INSPECTION PER EA 5310-M11-22060A, TWO BORON DOUBLERS WERE FOUND WITH
DELAMINATION. THE DELAMINATION OF BOTH DOUBLERS WAS REPAIRED PER EA 1-5320-23154.
THIS E.A CALLS FOR MONITCRING THE SIZE OF DELAMINATION, FOR BOTH DOUBLERS, FOR GROWTH
DURING TEE INSPECTICON PERICD CALLED QUT BY EA S310-M11-22060A.

MOCC FOLLOW UP:

THIS EA IS TO BE DONE IN CONJUNCTION WITH THE INSPECTIONS CALLED OUT IN EA 5310~Mll-
22060A. THEREFORE, THE INSPECTIONMS ARE TO BE PERFORMED AT INTERVALS NOT TQ EXCEED 150
LANDINGS. RESULTS OF NEGATIVE FINDINGS OF THE INSPECTIONS (I.E. DELAMINATION GROWTH)
ARE TO BE REPORTED TO FEDEX ENGINEERING.

T TIATING ACTION FAR THIS IN/PECTION & *RIND W1%), BE THE ACCOMPLISHMENY Jr' E- AMENENT
R A ouil EAS3L ) -MI1-2ZUE0A. o T

EREMGES: Hole:  For major repairs/siteratons, this £A must be FAA lnpmwd ©r tnust relersnce previously Spproved dat. For munor changes wihch alect
manuiachiners imits, this sechon Must nixn WHLEAtatng INfoMaton or relerencs atached JODUMENIALON.

1. EA 1-5320-23154, EAS320-M11-22058, EAS5330 'M11-21224, AND EAS310-M11-22060A
2, Mb-11 SRM, VOL.II, CH. 51-62-01, S51-43-01 AND 51-71-0Q0

JTRIWCTIONS: DETAYLED INSPE .TION MECHANIC | CHECK BY
INSPECT BORON DOUBLERS ON THE L. H SIDE OF THR ~./C FCUND AT N/A
TUS. STA. Y=595 TO Y=(1S5, FROM jONGERON 36 TG TLONGE.:IOW 4R. /F”
EEIRENCE FIG. 1 “ii SUCALION. N
a1 FE-04
AF LS04

b
+-up Tracking Entered by: e I Ep. No.: | rm,

TIALANTERIM Action Accomphished by: T Emp. No.. Datm: Fe.. WRI/Non-Routn
TLow-0F Acton Accomplished by: (It Racuired) Emp. No.: Data: Ret.: WAI/Non-Routie

165 (SH1) 1094 FedEx Reprogmphics Services e




. ENGINEERING AUTHORIZATION

EA#:

1-53198-23155

Page 2 of

4

INSTRUCTIONS: (Continued)

MECHANIC J CHECK BY

a__+«NSPECT FOR GROWTH OF DELAMINATION FOUND ON DBLR. #2. A N/A
DELAMINATION FOUND WAS AT THE UPPER LEFT HAND CORNER (LOOKING it
INBD.) . THE DELAMINATION WAS 5.3" X 5.9" (SEE FIG. 2). g}j,%-‘qgg;
1 e
3. HAS DELAMINATION OF #2 DOUBLER GROWN SINCE LAST INSPECTION? N A
IF DELAMINATION HAS GROWN CONTACT LAX FEDEX ENGINEERING (ATTN: :{Al A
OKSANA BARDYGULA, PHONE #(310) 649-8526, FAX #(310) 641- ~9475) . /_,{r'(",‘ o
a" g 6 »
N, Hew sk REPUACED REVALIL AREA . ag ¢ FE-04
4. INSPECT FOR GROWTH OF DELAMINATION FOUND CN DBLR. #3. /a? N/A
' DELAMINATION WAS FOUND AT TRE UPPED. ENGE RUNNING IR
LONGITUDINALLY. THE DELAMINATION WAS 4" X 1/2" (SEE FIG. 3). /, i1 o
{ o \g .
. 5 FE-04
a6
5. HAS DELAMINATION OF #3 DOUBLER GROWN SINCE LAST INSPECTTION? Pl NA
IF DELAMINATION HAS GROWN CONTACT LAX FEDEX ENGINEERING (ATTN: | 7.5 4
OKSANA BARDYGULA, PHONE #(310) 645-8526, FAX #(310) 641-9475). ’.:n, 2 FE-04
/A Do s REIACED REPMR AR . | T ¢
rnd Gf fInstruc:_ionn

e O2

aF 1o

CX M-
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b R — .-L' / -
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TAT ALT ZFU? — F(?_i_.‘. - [ q/ [)—"
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(SO Vave | 12 13
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QE:-:mL EAM 1=531C-22681

PRESS ENGINEERING AUTHORIZATION Release Cale: 11-R-_0d4
REORATION -

Page 1 of 1

FUSELAGE- TAIL STRIKE- TEMPORARY REPAIR FOR ONBUTIME FERRY FLIGHT

M

gistry No. Rev A Dale: Rev B Date: — . o R g
NG11FE RELEASE SIGNATURES i Fuucrlozz
menclature: Engineer: Engr |Engr Minor Repair
XIN AND BULKHEAD CRAIG IVANY Minor Alteration

1t Numbe:: Managar: higr Maior Repair | v
JACK SPRI Maior Alteration
nal Number: FAA/Designae: FAA FAA Manual Change
Material Change
urs/Cyciss: Is this SFAR 367  |jis Foliow-up Reg'd? Other
3,968/922 NO YES

e e =

SON/DISCREPANCY:  During landing tn Anchorage the subject aircraft dragged its tail causing
e following damage. The fuselage skin was damaged from bongeron SOR to 5iL, Sta 1882 to
340. The Sta 2007 bulkhead was also damaged from X=-24 tc X=24. The center 3 vert. floor
pports at sta 1975 and 1 wert. support at sta. 1987, X=0 were aiso found to be damaged.
wesshbject damaged area was inspected and all shear clips and longercns are intact but
.ightly deformed. The tail drag inspection was accomplished and no other damage was found

CRENCES: Note:  For masor repars/aiierations. ths EA must be FAA approved of must relesence previously approves gata. For mingr cranges which altect
manulacturers iimits, this Section sHould contan substantiahng informaten of reterence anacned documentation

DAC TELEX ISC-MEM-0002/SFY
FAA 8110-3 DATED 11-7-94
SRM 51-38-01 vol. II

Fu WS Perform a temporary repair to the damaged skin to enable MECHANIC| CHECK BY
2 . craft to ferry to TAX for permanent repair as follows:

Fab a doubler from .080" 2024-T3 matl. from longeron 49R to SCL,
sta. 1871 to 1997.75.

Fab a doubler from .080" 2024-T3 matl. from Yongercn SOR to S0L, '
sta. 1997.75 to 2047.6. Cut out access hole in tail to match
existing cutout.

locate repair doublers in place, pick up existing fastener holes in
longerons, shear clips and splice at sta. 1997.75. Add fasteners

as reguired to pick up a min. of 2 rows of fasteners arcund entire
perimeter of dapaged area.

Install doublers using 3/16" dia. bolts in longerons and fastener j.
rows adjacent to Butt splice at sta. 1997.75. Install 3/16 cherry
max rivets at all other locations.

All other remaining damage is acceptabie for a one time non-revenue
unpressurized ferry flight from anchorage to LAX for permanent
repair. Permanent repair to be addressed by future Engineering

Authorization.
mmrw by: ' Emp. No.: Date:
w..* NTERIM Action Accompiished by: I Emp. No.: Date: Rel: WRINon-Aoutine
SLLOW-UP Action Accomplished by: {If Reguired) Emp. No.: Date: Ret.: WRINon-Routne
I 15727 —_

¢ M-1585 {SH1) 10/94 FedEx Reprograpnes Sennces ol
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SPECIAL OR JNROUTINE MAINTENANC! 'ORM
PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. T.'5J 00\

1. ACFY NIHEEWSERIA[ MO} 2 DATE 3 GENFAATHNGITEM £, WHEN HSCOVERE QY 5 EMPLOYEE NO /CERT RO,
MALFUNCTION G
6 1 /oe/qq s3-v0 /627 Ooof 97490

8. DISCREPANGY

FusELAGE_ STa, $95 press. Bult head jndepm
PIESE (lw  F.A. 1-5310-22 0b0

.’ifi:}a‘b{}f t3diicf :4)/
BY ! IO 7 _

BA. RECOMMENDED ACTION

el

T o T ACTR - :
D i Aeirriet  onspsardond  £Fye. 47| RO
G201V ~PDPOGOR  Pefrs S o P Lixerz Prasy

A Ar 16 e, AUDITED LJNI'EHEK*
U T Y.' -
)
B ME: URE 9 EMPLOYEE NO/CERE ND 10 GATE 11 WORK GENTERNENDDH
S04 /7 e S/m I
127HW 13 EMPIOYWEE HO/CERT HNO 14 DATE & |15 WORK CENTEAVERDOR
A

18, TOTAL m‘ny _ 17, ATA'SUBCHAPTER 16 OATA ENTERED BY 19 RELIABILITY CONTROR, NO.

55-10 D 48710




| m SPECIAL Ol .ONROUTINE MAINTENANC FORM
PRINT CLEARLY. USE BLACK INK, BALLPOINT PENONLY. NO. A 0STF

Geyre ot atysme iens |19
T FABEIATEY btk Tee Cap Tans /xj%"ﬂﬂa’[ Soso,
S "“S‘.'r"—fé)‘-m;"qyc{ E A ¥/-53202650.

5A RECOMMENDED AC TION ﬂg Rem L{)Qg ‘?7.7—0%[&.0’_0} Perpe {‘.;eﬂ( 6_-7 1(0_"0 F;? 6/
moved RH. cu¥ Jocation of web_pek E4.[-5330- 22670, " osted
parlts per SR REE: ELAL STEP #/4

7 CORRECTWE ACTION o +o I;{J'TAC(_ ”[ tg‘-—v-';bl , _LA/-‘?_/?((—EA &/Eg } RN Bf

H 4 -~
TAw, EA ¥ /SF0-22600, g R )
7 AL - ;" R ’!Uf!]” ,Z ireei 'u
v 1o b - 'i._f |
e | o U e ( ;L
ﬂ_MII'{',N{\!_NI_!l_:‘ Sll‘-N:‘\fuf_{y a9 Fht t)\’lizN(‘l ERNE M2 1 EBALE 1" W("'HK‘CE ETUVENIXH
et 92796 | [/-17-99| 2
12 [N BUY BACK P 13 g‘l’lOYEEN?!CEHI 18] 14 DAIE 15 WRK CENIERVENDOR
FE55 183 L
16, F2FAL MAN HOURS 17 ATASUBCHAPTER 18 DATA ENiEéED a8y 19. RELIABILITY CONTROL NO.
<3 -/7 : D Ax918
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ENGINEERING AUTHORIZATION

E.AX

1-5330-228380

Release Date:

16 NOV. 94

Page 1ot _—— 10

e FUSELAGE - STA 2007 BULKHEAD REPAIR

P b L

-y

Faogt i

i.'- fl..iu'..,: ’ -
rAYT w

Py -

Registy No. NE11FE Hev A Date: Hev 8 Date:
RELEASE SIGNATURES - FUNCTION:
Nomanciature: MD-11F Engineer: Engr Engr Minor Repair
William O. Cusato Minor Alteration
Part Number: NJCE040 Manager-y Mgr. tMgr. Maijor Repair
~C—»\ Jack W. Springer Major Alssration
Actt Sarial Number: 48604 | T AA/Desgnes: FAA FAA Manual Change
— Mxterial Chanpe
Hours/Cydies: is this SFAR 367 {is Fallow-Up Req'd" Other

3.974 /923

REASON/DISCREPANCY:

AIRCRAFT EXPERIENCED A TAIL STRIKE DURING LANDING AT ANC. INTERIM REPAIR WAS ACCOMPLISHED TO
ACCOMMODATE FERRY PERMIT TO LAX WHERE PERMANENT REPAIRS ACCOMPLISHED.

Nole:  For major repairs/aiieravons, fis EA musi be FAA aoprovea or must rglerence prewiousty adproved gala Forminor cnanges which atiect
manufasturers kmits, tus secuon Should contan substantaing informaton or raterence 2NAMNS0 CICUMENtanOn.

MD-11 SAM VOL. 1, 53-40-00, FIGURE 4 - STA Y=2007 PRESS BULKHEAD AND TEE CAP SPLICE
MD-11 DRAWINGS: AGA7416, AJC7207, NJCE374, NJC&040, AJC7050
DAC MSG LAX-SVC-0208/RGS, DTD 11/14/94; SVC-LAX-0212/SFY, DTD 11/16/84

REFERENCES:

FUS 553 _
INSTRUCTIONS: MECHANIC| CHECK BY
THIS E.A. PROVIDES REPAIR INSTRUCTIONS AND DOCUMENTATION FOR THE SET-UP
AND REPAIR OF AFT FUUSELAGE AND DETAILS FOR STA 2007 BULKHEAD INTERNAL .t
REPAIRS. THE DATA CONTAINED HEREIN IS BASED ON TYPE CERTIFICATE DATA, S
STRUCTURAL REPAIR MANUAL, AND FAA APPROVED REPAIR DATA.
OA%
THIS E.A. DOES NOT RECORD THE NUMERQUS ADDITIONAL DETAILS REPLACED PER 155&13
TYPE CERTIFICATE DATA AS A RESULT OF THE TAIL STRIKE. PART REPLACEMENT IS ~age” |20
DOCUMENTED PER APPROPRIATE GMM PROCEDURES. -
Jed
U+
SF 3

=
S :
=% -?-f_'

N R

" Follow-up 1rackmg Entered by: T — | E, Noo ” Dato:
NO FOLLOW UP TRACKING REQUIRED G783 ) &0 =16 -G 4L
] A INITAL/INTERIM Action Accomplished by: Emp. No_: Cate: Ret.; WRI/Non-Routine ) 7
.
B. FOLLOW-UP Action Accomplished by: {If Required) Emg. No.: Cate: I Rel.: WRiNon-Routine

FedEx M-165 (SH1) 10/5¢ FedEx Reprographics Services
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EXPRESS EAW® 1-8330-226390
CORPORATION ENGINEERING AUTHORIZATION Page 2 of 10
Instructions MECHANIC | CHECKED BY
NOT
1. Remove number 2 engine per MD-11 Maintenance Manual, 2} yd REQ
- NOT
2. Remove APU per MD-11 Maintenance Manual. ;?53? ZYe REQ
3. Jack and shore aircraft. install shoring under each horizontal stabilizer. /;;'3'2?7 FE'55
X b NOT
4, Remove interim repair from aft belly of aircraft. s3I/, RECQ
: = |
5. Inspect aft exterior skins for damage. /SS%S .
EA T
6. Pertorm detailed visual internal and external inspection of att fusetage trom STA ST FE-57
1811 - aft to tail cone. Record all discrepancies per GMM. 7 7ty
K Akl NOT
7. Remove damaged belly skin from STA 1862 aft 1o APU comparntment. ISIG D) 4 REQ
7 Honide.

B.  Pedorm detailed visual inspection of in internal structure from STA 1862 alt to /s FE-57
APU comparntment. .ZE; . / é

8.  Trim damaged section of STA 2007 bulkhead TEE cap per SRM VOL. 1, 53-40- '

00, Figure 4. /S—S'f 7/ 2 fFE.57
EZ> 4%

10. Trim damaged section of STA 2007 bulkhead web per SRM VOL., 53-40-00, .
Figure 4 and per sketch on page 6 of this E.A. Trim damaged section of /53-7?,7 "/ FE-57
X=+/- 11.25 beam instailations per figure on page 6 of this E.A My

2 ‘W NOT

11. Fabricate replacement web section and repair details per SRM and figure on page REQ
5 of this E.A. /S'!‘-?,7/,

. o | & 257

12. Fit and locate web repair details per SRM and figure on page 6. Layout repair
{astener pattern per SRM and figure on page 6. /K57~ 4,

13. Remove details for deburring processing. Apply Alodine 1200 and FR primer to ail
exposed aluminum surfaces. p 22:52;76// “ ey

N # NneosSE AR .

14. OK TO INSTALL WEB REPAIR DETAILS. / =N * 2P/ FE-57

., ' 4 %;-(/z NOT
15. Fabricate repair details {ro X=+/- 11.25 beam installations per tigure on page 7 of /S2P7/ REQ
this E.A. [A )
7. Bl , &
16. gfitt::;dElo:ate repair details for X= 11.25 beam instaltation LH per figure on page 7 | ,s72, 7/ fE-57 & T
27,
17. Fit and iocate repair details for X= -11.25 beam instafiation RH per figure on page /ST / FE-57
' 7 of this E.A. - —
A
18. Remove beam repair details for deburring and processing. Apply Alodine 1200 |
and FR primer to all exposed aluminum surfaces. /SST 7/ FES/
MEE flosy. |- fE-57
19. OK TO INSTALL X= 11.25 BEAM INSTALLATION DETAILS LH. Ve
(20.  OK TO INSTALL X= -11.25 BEAM INSTALLATION DETAILS RH. /STy
TR TS ST TS T L Mepnrasne Senices SEL1541y
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EXPRESS E.A 1-8330-22650
CORPORATION ENGINEERING AUTHORIZATION Page 3 of 10
Instructlons gmscawtc CHECKED BY
g A
21. Install all details for STA 2007 web repair wet with PR1431 sealant or equivaient /ST FE-57
per SRM 53-40-00, figure 4 and sheet 6 of this E.A. - 7/ Y
22. Install ail details for X=11.25 beam installation LH wet with PR1431 sealant or /52%7 /: FE-S7 .
equivatent per sheet 7 of this E.A. =z 2 :
ﬁ’?"— |
23. Install all details for X=-11.25 beam instaliation RH wet with PR1431 sealant or FE57 |
equivalent per sheet 7 of this EA. ;37’ 7, f
24. Cut replacemsnt lower section of AJC7240-1 Tee Cap per SRM 53-40-00, Fig 4. /Sé"?‘? FE-55
Fit and locate replacement section. . F
- maé/g !
25. Cut replacement lower section of AJC7240-2 Tee Cap per SRM 53-40-00, Fig 4. 15557/ FE.S,. !
Fit and locate replacement section. T P ~
26. Layout and drill fastener holes for new AJC7240-1 and -2 Tee Cap sections and 15527/ 555
intemnal repair details per NJC6040 and SRM 53-40-00 Fig 4. - M v
27. ‘Trim AJC7673-1 splice as shown on page 8 of this E.A. Fabricate repair angles, |, ) f
straps, and fillers for L47 LH per pages 8 -10 of this E.A. Fit, locate, and drili L47 |/, 577/ TE-Er
repair delails per pages 8 - 10 of this E.A. ,t
— WE Eorm TARZE |,
28. Remove all Tee Cap details for processing. Deburr all holes and edges. Apply /5% F-5r
Alodine 1200 and FR Primer 1o all exposed aluminum surfaces in repair area. 77¢,
f oK t« INITTALC o MR ZN0Z64FZ, 175
29. QOKTOINSTALL REPAIR SECTIONS OF AJC7240 TEE CAPS AND REPAIR 05:‘1 /’S_?? l"E.;;.s;
DETAILS. 7/
O PR . ﬂ" W - re
. T i il installed OK wet with 1431 sealant or Tt
30 g&z:;?‘ A ee Caps and repairs detail installe welw /£597] ' i
A< KJZ Eafo¥E, ZNOI0, BNOH7, Enozo, | e~ o |
31. STA 2007 bulkhead repaired complete. OK to fit and locAte AJC7207 skin JESYTE - L
installation and related details. This E.A, is completed. f
AF1541E
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GENERAL NOTES:

1. Final size and shape of rework {0 be determined on aircraft.
2. Smooth and blend all evidence of corrosion to £3 micro inch finish.
3. Typical finish on surfaces is 63 micro inch.
4, Break all sharp edges .020/.030R.
5. Shim as required to relieve preload.
6. Protect rework area against corrosion per SRM chapter 51.
7. Seal structural rework per SBRM chapter 51.
8. Protect against dissimilar metal per SRM chapter 51.
9. Atachments located from par edges
2D + .06 for gelails
2D minimum acceptable on assembly
10. Added attachments 10 be located 2D from joggies.
11. “Equal Spaced" tolerance to be within .06.
12. Install attachments per SRM chapter 51 spacing 4D {0 5D.
13. Use oversize attachmenis as required.
LIST OF MATERIALS:

ITEM NOMENCLATURE SIZE/GAGE MATERIAI ovy
' SRM 53-46-00, FIG 4 VARIOUS VARIOUS N/A
(DELETE ITEMS -17 - -20 FROM SRM, SEE ITEMS 27 and 28 OF THIS LM)

25. ANGLE 020x2.0x20x13 7075-T6 Bar 2ea
26. STRAP 0.125x1.25x15 7075-T6 Clad 2ea
27. ANGLE 0.125x2x2 7075-Te Bar 2ea
28. ANGLE 0.125x2x2 7075-T6 Bar 2ea
2s. SPLICE 0071x6x7 7075-T6 Clad 2ea
30. WEB £.063x8x12 7075-T6 Clad 2ea
31. SHIM 0.054x15x8 7075-76 Clad 2ea
32. CAP ANGLE MK FR AJC70380-1 (82929679) 1ea
33. CAP ANGLE MK FR AJC7080-2 (82929679} 1ea
34. ANGLE 0.125x1.25x1.25 7075-T6& Bar 2ea
3s. FILLER ARx2x7 7075-T6 Clad 1ea
36. FILLER ARx2x3 7075-T6 Clad 1ea
37. STRAP 0.125x3x3 7075-T6 Clad 1ea
38. STRAP 0.125x1x4 7075-T6 Clad 1ea

T AF1541%
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Dougias Products Division
3855 Lakewond Boulevard, MC D(94-0025, Long Beach, Califomia 90845-0001

19 May, 1998
C1-L70-SRL-98-L105

Mr. Robert Benzon

investigator-in-Charge

National Transportation Safety Board (AS-10)
490 L'Enfant Plaza, S. W.

Washington, D. C. 20554-2000

Subject: FedEx Pilots’ Association's MD-11 LSAS Questions

Reference: FedEx MD-11 Accident, Newark, New Jersey, 7/31/97

Dear Sir:

The following information is provided per your verbal request during the 11 May
1998 conference call, and in response to a question or questions posed to the
NTSB by the FedEx Pilots’ Association:

The MD-11's longitudinal stability augmentation system (LSAS) is contained
completely within the flight control computers (FCCs). The following is a list of
LLSAS functions that pertain to the landing phase of flight:

» Below 100 feet radio altitude, any LSAS commanded elevator deflections are
“washed out” over the period of 1 second.

» When active, LSAS has a maximum elevator authority of + §°.

» LSAS has a pitch attitude hold function which is activated when the autopilot
is OFF and there is less than 1.8 pounds of force exerted on the control
column.

» LSAS contains fogic to provide nose down elevator deflections when the
aircraft is in a low speed {near stall} condition. This function is only available
above 100 feet.

Therefore, in order for LSAS to improperiy command nose down inputs as
suggested by the FedEx Pilots’ Association, either a dual or quadruple failure
would have to have been present. In the dual failure scenaric the following
would have to occur: 1) LSAS would fail to “wash out” within cne second of
passing below 100 feet radio altitude; and 2) Low speed protection would have to
experience a failure that would cause the FCC to believe that the aircraft was
flying 20 to 30 knots slower (closer to the stall speed) than it actually was.

The aliernate scenario would frequire a quadruple failure, since the FDR data
shows all four elevator panels were moving together (no apparent “outlyers™. In
this scenario, each LSAS actuator (one for each elevator panel) would have to



@__ﬂﬂflﬂﬂ@

19 May, 1998
C1-L70-SRL-98-L105

fail. Since the actuators are independent, that would require four separate
fatlures.

There is no evidence in either the FCC non-volatile memory or the FDR data
from the accident to support either of these two scenarios.

Sincerely,

William C. Steelhammer

DPD Party Coordinator
Flight Operations
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MD-11 COCKPIT PILOT'S GUIDE

Pitch Wheel: When rotated slowily, resuitsin 100 fpmor .1
degree change per detent. in level flight with FD and or
AP/FD on, initial wheel rotation selects V/S mode in 100s of
fpm or FPA in degrees in the direction of wheel rotation. In
a climb or descent greater than 309 fpm, the mode and
display are initiafized to the current V/S or FPA when either
the AP or FO are engaged. Once engaged, the displayed
value is always the selected value. Selection of V/S-FPA
mode disengages PROF, speed on pitch (PITCH in the
FMA speed window), altitude hold and glide siope modes if
LAND is not annunciated. Autothrotties revert to speed
contro! (THRUST in FMA speed window). Reselecting
PROF resumes FMS descent profile operation at the
selected vertical speed as a FMS edit.

Rotation of the pitch wheel causes the aircraft to depart the
FCP seiected altitude in vertical speed or flight path angie
mode WITHOUT A FLOOR OR CEILING FCP ALTITUDE.
Rotation of the pitch wheel enables the pilot to exit altitude
capture for 2 seconds where upen if altitude capture
conditions are satisfied, the aircraft reenters altitude
capture. Otherwise the vertical speed remains selected.
This feature is operabie in all modes except dual flight
directors control below 1500 #t, SINGLE or DUAL LAND
and below 400 it RA in the pitch autopilot or Hlight director
takeoff or go around modes.

2.2,5.4 Auto Flight Control

The center area of the FCP provides
selection/engagement of automatic
approachfland modes, autopilot/
auvtothrotlles and an emergency
means to disengage some FCC
functions.

ASHHALENT

AUTD FLIGHT

AFS OVAD CEFF

AFS OVRD OFF Switch: Pushing down one AFS OVRD
OFF switch provides a positive means to disconnect and
latch off the following FCC functions (for that FCC
oniy):

® Autopiiot

* Autothrottle

* Autothrottie Speed Protection

® Roll Control Wheel Steering {optional)

The above functions should be available through the
aperation of the other FCC. Pushing both AFS OVRD OFF
switches down disables the aircraft function. Activating the

switch reveals an AMBER and GREY diagenally colored
bar,

2-23

AUTQO FLIGHT Switch: Pushing the AUTO FLIGHT switch
engages one auteopilot and both ATs unless the aircraft is
on the ground where only the ATS is engaged. Pushing the
switch below 100 ft RA results in the display of the RED
tlashing AP OFF box in the FMA., When engaged by
pushing the AUTO FLIGHT switch again above 100 {t RA,
the AP OFF box is removed and a CYAN AP1 or AP2 is
displayed in the FMA roll window.

195 PIICH | HEADING 267| T/0 CLAMP  Spog
AP GFF B

165 prow | meadING 26t | 10 L g

Engaging the AF between 100 and 400 ft RA engages AP
takeoff mode. Pushing above 400 ft engages the AP inte
the existing FD mode (displayed on the FMA}or with no FD,
HODG/TRK HOLD and either V/S (VS greater than 300 fpm)
ar attitude HOLD (VS! equal or less than 300 fpm)
modes.

NOTE: Autopitot dees not engage below 400 ft RA if
NAV is armed or engaged.

After initial AP engagement, subsequent switch pushes
alternate between APs unless one is not available, in which
case, the engaged AP remains engaged. Normal
disconnect of the AP may be accomplished by pushing the
AP disconnect switch on  either control wheel.
Disconnecting the ATS may be accomplished by pushing
either AT disconnect switch on the throttles.

APPRALAND Switch: Pressing the APPR/LAND switch
with a locaiizer frequency tuned arms the AP/FD to capture
the localizer and glide slope beams. Prior to LOC captuwre,
"LAND ARMED" is displayed in the FMA roll window. (}
DUAL LAND is not available after pre-landing tests are
complete, the FMA displays the altermate mode SINGLE
LAND or APPR ONLY. Alternate capability {“SINGLE
LAND” or “NO AUTCLAND”) may be annunciated and
displayed on the EAD at any time.

Pushing the heading/track select knob to  hold
heading/track cancels the "LAND ARMED'' mode prior to
capture. Once DUAL LAND, or SINGLE LAND (AP or dual
FD approach) mode is annunciated on the FMA, oniy
pushing the Go Arcund switch on the center throttle or
discennecting the AP permits exit of ihe land mode. More
informaticn on the automatic land modes may be found in
Section 2.2.9.

if APPR ONLY is annunciated during a dual FD approach
(both FD switches selected on and the AP off), only
pushing the GA switch permits exit of the APPR/LAND
mode. If APPR ONLY is annunciated with the AP engaged,
the APPR/LAND mode may exited by selecting another
mode regardiess of FD status.



- MD-11 COCKPIT PILOT'S GUIDE

2.2.6 Automatic Flight System Control Panei

The AFSCP, shown in Figure 2-23, is located on the First
Oificers (FO)s side of the Forward Overhead Panel. It
provides selectors, switches, and lights which control and
the Longitudinal

indicate the status of Stability

Augmentation System {LSAS), Elevatcr Load Feel (ELF),
Yaw Damper, and Flap Limiter. In additicn, Automatic Pitch
Trim, Roll Control Whee! Steering, and Auto Ground
Spollers are described in this section.

FLAP LiMIT UPRYAWDAMP . ELEV FEEL
A B
HALUAL _ MANUAL
26
AUTO oFf of
FLAP ELEVATOR
LIMiT " K - LWR YAW DAMP FEEL
SELECTOR THIR S A B _ g SELECTOR
OFF OFF
.
: LEFT LSAS RIGHT
QUTBD  INBD INBD  OQUTBD
_FAIL S |
OFf OFF OFF 1133
Figure 2-23
Automatic Flight System Control Panel
In normal cperation, all pane! fights are extinguished. As glevator commands without control wheel column

failures occur in the LSAS or Yaw Damper channels, the
“FAIL" light is illuminated and channet cperation is tumed
off. With the FAIL light on, the pilot should push the switch
insuring that the channel is tumed off and illuminating the
“QFF" light. With a failure in the Flap Limit and Elevator
Feel system the "MANUAL” light iluminates indicating that
it is off and manual operation is required.

2.2.6.1 Longitudinal Stability
Augmentation System

The MD-11 uses continuous augmentation of the pitch axis
in order to provide conventional handling characteristics.
The AP and LSAS provide longitudinal stability thereby
improving the MD-11s aerodynamic efficiency and
enabling the use of a smaller horizontal stabilizer as well as
an aft center-of-gravity configuration. When the autcpilotis
“not’’ supplying pitch axis augmentation, LSAS provides
manual control handling quality improvements through

movement.
LSAS engages when power is applied to the aircraft.

NOTE: Applying electrical power to the FCC with the
LSAS or Yaw Damp switches off, causes
them to tail power up tests and remain failed
unti they are turmed on and the FCC power is
cycled off and back on.

Each FCC contains two redundant LSAS control channels
{four total) each associated with a FCC lane and an
elevator contral surface (four surfaces). FCC 1 controls the
right outboard and left inboard elevator whie FCC 2
conitrols the left outboard and right inboard elevators. AP 1
cannot be engaged unless the LSAS channe! controlling
the left inboard elevator is operable. Likewise, AP 2 cannot
be engaged unless the LSAS channe! controlling the right
inboard elevator is operabie. (See Figure 2-24.)
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Figure 2-24

LSAS FCC Control Conliguration

Each FCC LSAS lane monitors itself and the other lane for
fault detection. Upon detecting a fault, both channels of the
FCC shut down and two “FAIL" kghts are annunciated on
the corresponding LSAS switches. An EAD level 2 alert
“LSAS CHAN FAIL" is also displayed. If ali channels fail,
the level 2 alert “LSAS ALL FAIL” is displayed. Fer failed
channels, LSAS switches should be pushed illuminating
“QFF" (deselecting channels} and then pushed again
{selecting channels). If both failed lights extinguish, then
the monitor fault has been reset and the LSAS channel is
operating normally. With OFF iiluminated, the channe! is
isolated from control of the elevator surface and the level 1
alert “LSAS L {or R) INBD (or QUTBD) OFF"” is displayed.
With alt channels failed, the level 1 alert “LSAS ALL OFF”
is annunciated.

With twa LSAS channels ""FAIL"ed, dual elevator surface
control is stil maintained by the other FCC. With the
“FAIL"ed channels seiected off, the remaining FCC is
armed to revert to single channel cperation for any
subsequent LSAS failure. With the #lumination of all four
FAIL lights, the channels should be individually selected
from OFF to ON looking for at least one FAIL light to
extinguish thus assuring LSAS operation. For one ¢channel
operation, the gain is increased by a factor of four to
provide near normal LSAS control.

NOTE: With LSAS LIB off or failed, AP 1 does not
function. With LSAS RIB off or failed, AP 2
does not function.
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With ne forces on the control column, the LSAS hoids the
current piteh attitude. Pitch forces on the controf wheel
column greater than 2 pounds disengages LSAS
augmentation and provides purely manual control. When
the force is removed from the column, the aircraft holds the
new pitch attitude, except during rotation, and initial stages
of takeoff. LSAS provides automatic horizontal stabilizer
rim to off load steady state elevator displacement.
Maximum elevator deflection commanded by the LSAS is
* 5 degrees.

LSAS Overspeed Protection: With the AP and ATS
disengaged, the LSAS speed limiting mode is autornatically
engaged near Vmo computed by the Air Data Computer (or
MACH equivalent) to provide overspeed protection. The
LSAS speed targetis Vmo + 6 knots for maximum throttle
position adjusted to Vmo for throttles at idie. These speed
targets are established to allow ATS speed protection the
opportunity toc prevent the overspeed before LSAS
engagement. LSAS speed protection is implemented by
reducing the — 10 degree pitch attitude limit by an amount
proportional to the aircraft speed above the LSAS speed
target. After the airspeed is reduced below Vmo, LSAS
speed protection is discontinued and ATS speed control to
Ymax is resumed until the mode is changed by the pilot.
Refer to Section 2.2.3 Autothrottle System for more
information.

LSAS Stall Protection: For the configured aircraft, LSAS
stall protection engages when the Pitch Limit Indicator
(PLI} displayed on the PFD attitude sphere tumns from
CYAN to AMBER. If a windshear caution alert is displayed,
LSAS stall protection engages when the PLI is RED,

SPLIT CUE

B )

SiNGLE CUE

Figure 2-25
LSAS Engagement - Pitch Limit Indicator
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When AT speed protection is engaged and before LSAS
stall protection is entered, the FMS thrust limit goes to
MCT. The PLI "AMBER" angle-of-attack (AOA) limit is
ormputed to be approximately 75 percent to 85 percent of
- stickshaker AQA depending on the amount of flap
extension. This value allows ATS speed protection to
contro! speed to the FMS Vmin speed pricr to LSAS
engagement. LSAS stall protection is implemented by
reducing the 30 degree pitch attitude limit by an amount
propertionai to the aircraft AOA above the PLI AMBER
limit. The pilot can overpower the LSAS stall protection by
applying nose up control wheel forces in excess of 5
pounds increasing the pitch attitude limit up to a maximum
of 4 degrees. Alter the AOA is reduced below the PLI
AMBER fimit, LSAS stall protection is discontinued and
ATS sgpeed control to FMS Vmin is resumed or the
cperating mode is changed by the pilot. For the clean
aircraft, the PL! changes from CYAN to RED without
transiting AMBER with the same stall protection available.
LSAS stall protection is not available with the autopilot
engaged. Autopilot **speed on pitch' is used to control
speed to Vmax or Vmin after autothrotile has failed to

control speed.
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2.2.6.2 Automatic Pitch Trim

The autc pitch trim function automatically positions the
horizontal stabilizer to off-load steady state AFS elevator
deflection. Each FCC contains one automatic pitch trim
{APT) channel. One channel is operational at a time. The
second channe! automatically engages when the first
channel fails. Automatic and manuai pitch trim rates are
switched from .25 to .1 degree per second when airspeed
exceeds 250 knots or when altitude exceeds 33,000 #t.

Auto Flight: With the AP engaged, automatic pitch trim is
available in all modes except autoland flare. Nose up trim is
delayed for 13 seconds when the AP is first engaged in
takeoft and go-around modes. Auto pitch trim is supplied
by the engaged FCC and switches to the other when the
AUTO FLIGHT switch is pushed. Trim failures resulting in
sustained out of trim conditions are annunciated as "STAB
OUT OF TRIM” {level 2 alert) on the EAD and Bluminate the
master caution light.

aual Flight: When LSAS is gperating (AP not
engaged), the first powered FCC provides pitch trim which
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is available during flight above 50 {t RA. During LSAS fiight,
pitch trim is inhibited when the:

® Bank angle exceeds 5 degrees
* Control wheel pitch force exceeds 2 pounds

* Pitch force applied which exceeds the upper or iower
pitch attitude Bmits

Detection of a trim failure witi "FAIL'' both LSAS channels
and automatically switch control to the other FCC.
Subsequent trim failure in the second FCC which can be
isolated will result in reversion to single lane LSAS and
display the level 1 alert "AUTO TRIM FAIL" alert on the
EAD and illuminate the master caution.

2.2.6.3 Yaw Damper

The yaw damper provides turn coordination and damping
of dutch roll oscillations through automatic operation of the
upper and lower rudder. The control wheel provides no
tactile feedback of yaw damping operation. Yaw damping
operates continuously after power is applied to the aircraft
except turn coordination does not operate during autotand
localizer track and fiare or wing engine out flight. Each FCC
contains two redundant yaw damper control channels
enabling the FCC to be self-monitoring. Both channels of
FCC 1 operate the lower rudder with FCC 2 operating the
upper rudder.

A failure external to the FCC may illuminate a single yaw
damp channe! whereupon the pilot should push the switch
¢lluminates “OFF", extinguishes “FAIL" light) to isolate
the channel off. if an internal FCC yaw damp fault is
detected, "'FAIL” is annunciated on both yaw damp
channels {yaw channels disengaged) but yaw damp control
is maintained by the second FCC. The pilct should push
both yaw damp switches thus illuminating the “OFF" lights
and extinguishing the “FAIL" lights. This “"OFF" selection
also arms the second FCC to revert to single channel
operaticn with a subsequent single failure which can be
isolated. With all four channels "FAILed and turned off, a
single channe! may be reactivated by pushing each channel
switch individually to extinguish its FAIL light and regain
yaw damp operation. Yaw damped operation is desired in
order 10 established paralie! rudder cperation for AFS
landing, takeoff and go-around modes. “YAW DAMP
CHAN FAIL" tevel 2 alert is displayed on the EAD with any
yaw damp FAIL annunciation.

2.2.6.4 Elevator Load Feel

The elevator load feel (ELF) system is a mechanical system
which provides an artificial control column pitch toading
against which the pilot must apply a specific force per
degree of control column rotaticn. The system has two
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AIR CHAMBER
ITEM ANALYZED DPS 2.431-2 LOWER UPPER QIL/WATER
REQUIREMENTS CHAMBER CHAMBER MIXTURE
13.0 MINIMUM (DPM 6176
FOR NEW FLUID)®
KINEMATIC VISCOSITY 13.0 MINIMUM (DPM 6177
UNITS CENTISTOKES {CS) | FOR NEW FLUID)" 12 NO SAMPLE NO SAMPLE
13.9 MINIMUM {MIL-H-5806
FOR NEW FLUID}
10.0 MINIMUM (MIL-H-5606
FOR USED FLUID)
PARTICLE COUNT THE SAMPLE HAD
{(?36-15p {1} NO REQUIREMENT A SEPARATE OIL
(2)16-25u {2) <21,000 INSUFFICIENT | NO SAMPLE | LAYER (86 ML) AND
{3)26-50 {(3) <3,500 SAMPLE WATER LAYER
{4) 51-100 p (4) <450 (8ML)
{5) 101+ u {5) <40
ACID NUMBER, 2.3-5.0(DPM 6175}
MG KOH/G 1.5-3.5 (DPM 6177) .22 NO SAMPLE NO SAMPLE
.50 MAXIMUM (MIL-H-5606}
NO REQUIREMENT FCOR
DENSITY, GMS/ML DPM 6176 & DPM 6177 0.872 NO SAMPLE NO SAMPLE
0.860-0.870 (MIL-H-5606)
150 MAXIMUM {(DPM 6176)
WATER CONTENT, PPM 550 MAXIMUM {DPM 6177) 1,245 NO SAMPLE NO SAMPLE
150 MAXIMUM (MIL-H-5606)

*“THERE IS NO REQUIREMENT FOR USED FLUID FOR DPM 8176 AND DPM 6177

4.2.3 Center Landing Gear {CLG)
4.2.3.1 Shock Strut Assembly, P/N NYG6210-505

The CLG shock strut assembly exhibited mechanical damage, evidence of fire damage, and
several fractured components. See Figure 117. The following components were found fractured and
compietely separated tfrom the shock strut assembiy: (1) piston, P/N AYG7150-509; (2) drag brace
torque tube, P/N AYG7271-1; (3) brake links, P/N AYG7171-1; (4) upper drag link, PN AYG7181-1;
{5) “E” barrel keel web, P/N AEA7052-501; (6) lever, P/N AYG7234-1; and (7) lock link, P/N AYG7182-
505. Only items (1), (2), (3), {4) and the crush tube, P/N AYG7203-1, were analyzed in the M&PE
laboratories. The CLG shock strut assembly was disassembled to examine the crush tube.

Visual { Macr ic E L
Piston

The CLG piston exhibited a complete circumferential fracture and separation in the area just
below the torque and brake links. See Figure 118. The entire fracture surface was heavily chasred, and
was at an obligue plane which is typical of overload failure.

Drag Brace Torque Tube

The drag brace torque tube displayed a compiete circumferential fracture, approximately 31-34
inches from the left hand end of the part. A number of areas dispiayed superficial corrosion.
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See Figure 117. The mating right-hand portion of the torque tube was not received by the M&PE
laboratory. Under SEM macroscopic examination, the fracture appeared to extend from the missing
right-hand portion of the torque tube. See Figure 118. The fracture subsequently extended in opposite
directions. One small segment extended in countercicckwise direction (looking left) for a distance ot
approximately 0.5-inch. The remaining portion of the fracture extended in a clockwise direction. See
Figure 120. The initial portion of the fracture surface exhibited a dull coarse-grained texture, typicai ot
overioad failure; however, the fracture intersected a small, longitudinal grainy textured region. See
Figure 121. This grainy textured region extended through the wall thickness and to a crack length of
approximately 1.2 inches. The crack front curvature indicated that this grainy textured crack emanated
from the outer surface of the torque tube.

Brake Links

Both brake links exhibited complete transverse fracture and separation through the I-beam
portion. See Figure 118. Both brake links were bent in a right-hand direction and twisted in a clockwise
direction (looking forward). Under macroscopic examination, the fracture surfaces exhibited fracture
traces which emanated from the failure origin area along the upper, left-hand edges of the parts.

Upper Drag Link

The CLG upper drag link displayed a complete circumferential fracture and separation along its
shank portion, approximately 3.5 inches from its inboard end. The mating fracture half was not received
by the M&PE laboratory. A portion of the fracture surface appeared to be chamed, most tikely from fire
exposure. Under macroscopic examination, the fracture surface exhibited a light surface rust with
fracture traces that emanated from two failure origin areas along the outer surface of the drag link. A
majority of the fracture extended in a ciockwise direction around the part (looking inboard). The fracture
surface exhibited a dull, coarse-grained texture in some areas and occurred along an oblique plane in
other areas, typical of overload faiiure. The overall fracture characteristics indicated torsional overioad

failure.
Crush Tube

The crush tube was in the “crushed” position. See Figure 122. A smali amount of mechanical
damage was observed along the crush tube; however, it appeared to be insignificant and could have
been the result of the crush tube catapulting into its “crushed” position.

: nq El Mi Apalysi
Drag Brace Torque Tube

SEM analysis of the fracture surface at the grainy textured region of the torgue tube revealed a
predominant intergranular mode of rupture, indicating brittle fracture. See Figure 123. The intergranuiar
facets exhibited evidence of corrosion. This intergranular region comprised less than 10% of the area of

the fracture surface.

SEM analysis of the remainder of the fracture surface revealed a predominant dimpie mode of
tailure, indicative of ductile overicad. See Figure 124. The portion of the fracture surface nearest the
failure origin reveaied evidence of corrosion. See Figure 125,

The overali fracture characteristics suggested that the primary brittle failure nearest the failure
origin area(s) occurred outside of the submitted section of the torque tube and that the submitted section
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LETTER NO. 1
DATR: May 12, 1992

TO: ALL MD-11 OPERATORS
FROM: FLIGHT OPERATIONS CUSTOMER SERVICE DOUGLAS AIRCRAFT COMPANY
SUBJECT: OPERATIONAL PROCKDURES AND TECHNIQUES

This "Know Your MD-11" Newsletter is compiled & published by Douglas Flight
Operations Customer Service. The material contained herein is accurate at
the time of publication; however, it is intended to provide information
only. Should conflicts arise between this document and official manuals
i.e., the Aircraft Flight or Flight Crew Operation Manuals, the official
manuals are the final authority and shall supercede the data in this
document.

Our new "Know Your MD-11" newsletter will be issued periodically, on an
as-needed basis. If you find it useful, or if you have a subject you would
like discussed in a future issue, please contact John Lane at the address
below; we would like to hear from you.

John P. Lane
DOUGLAS AIRCRAFT COMPANY
Internal Mail Code 94-26
3855 Lakewood Rlvd.
Long Beach, California 90846
l. Selection Direction of Turns
"I engaged Heading Select, and the darn thing turned the wrong way!!"

The above comment has been delivered te us a dozen times or more, sone-
times in words decidedly more descriptive i.e. (#2{!) than those above.

How on earth can such a thing happen? Better still, can it be avoided?
Yes, and here's how:

MCDONNELL DOUGLAS
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Flight Plan INIT, insert Origin and new Destination Alirports, and
complete the remainder of INIT Flight Plan data. Call up the Secondary
PROGRESS Page and read the new destination, distance, time and fuel burn
numbers.

Bfforts are under way to modify our software to simplify the procedure
above, but in the interim, the Closest Airport Insert method is the
quickest and easiest procedure available.

There have been a small number of reported incidents in which Stick
Shaker activation has occurred while operating the aircraft in compliance
with the Douglas recommended {and FPMS programmed) speed profile. They
have always occurred at heavy weights, with slats retracted during a low
altitude departure, and while maneuvering in the presence of turbulence.

DAC has accomplished a complete review of our existing maneuver speed
margins, and will soon propose a revised speed schedule which will ensure
extra margin for the demanding conditions specified above. In the
meantime, note that the Stick Shaker activation, when occurring, is
sufficiently brief that the Autoslat Extend function usually does not
cccur., In cases where the slats do extend, it takes a minimum of 12
seconds for them to completely retract after the initiating cause has
been removed, (which is usually almost instantaneous). Pilots may also
find that it is prudent to leave the slats extended vhile maneuvering
after a heavy weight takeoff, and until established on the outbound

One other Stick Shaker event has been reported during a high altitude
climb while operating on autopiliot and in the FMS Profile climb.
Preliminary evidence indicates that both FMCs were in the Time-Out mode.
When this occurs, and the system loses its FMC Profile Speed, the
Autopilot refers back to the speed in the Autothrottle GCP window for
guidance, If that speed is below the low speed buffet for the existing
altitude, shaker may occur. In the unlikely event that both FMCs
time-out at the same moment, the crew should manually select an ATS speed
which provides ample margin for low (and/or high) speed buffet

3. STICK SHAKER/AUTO SLAT DURING CLIMBOUT
climbout course, especially if the air is bumpy.
protection.

ﬁ.

BRAXE TEMPERATURE MEASUREMENT (BTM): Brake temperature spread - how much

T ——————

is too much?

Pilots have indicated concern over the cause of the wide range of
temperatures displayed on the BTM. Some landings have produced variances
between left and right gears, ranging from a low of 5° C on one wheel
assembly, to a high of 222° C on another. Why are we getting such
diverse readings, and what do they mean?
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In any case, while we continue to investigate the cause, we would like to
reiterate the corrective action. Should you find yourself in a
"Confirmed"” Engine Out Condition, either in flight or on the ground, and
desire to cancel it, bring up the Performance Page. The CONFIRM ENGINE
OUT CLEAR prompt will be displayed. Selecting this "CLEAR" will cause
the Engine Out function to deactivate, and performance predictions to
revert to the 3-engine state. Anytime thrust limits are stuck in MCT, or
the PMS will not accept any FL above 280, be suspicious that an erroneocus
E0 iz the cause.

PAB:hro
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LETTER NO. 2

DATE: September 17, 1992
TO: ALL ¥MD-11 OPERATORS
FROM: FLICAT OPERATIONS CUSTOMER SERVICE, DOUGLAS ATRCRAFT COMPARY
FLIGET CONTROL. SYSTEM (LSAS & RCWS)

E

From time to time, we receive requests from flight crews for more information
on how the MD-11 Flight Control System really works, particularly the LSAS,
the RCWS, and Speed Envelope Limiting. We are indebted to Captain Paul Shall
from our Engineering Flight Test Group, who helped guide the certification of
the MD-11 Flight Control System, for the preparation of the following
article.

MD-11 OPERATING ENVELOPE PROTECTION

Besides providing a full flight regime autopilot, the MD-11 autoflight system
provides stability and control augmentation, and protects against undesired
aircraft attitudes and speeds, even when the auto pilot and autothrottles are
off.

The following paper addresses Speed Envelope Limiting, Longitudinal Stability
Augmentatjon, and Roll Control Wheel Steering.

SPEED ENVELOPE LIMITING

The MD-11 Auto Flight System provides full flight regime speed protection.
The Auto Throttle System (ATS) forms the first line of defense against
excursions outgide the normal speed envelope for each aircraft
configuration. If the ATS is inoperative, or is overridden by the pilot,
LSAS protection begins. The various systems provide protection as follows;
Autothrottle Speed Control (ATS on), Auto Throttle Self Engagement (ATS off),
and LSAS Speed Limiting and Stall Protection (ATS available).

When ATS Speed Control is engaged, speed is automatically limited to the

normal flight speed envelope. It is impossible to command a speed that is
less than FMS-calculated Vmin+5 KIAS, or more that Vmax -5 KIAS.

MODONNELL DOUGLAS
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at the elevators. Separate LSAS channels drive each of the four elevators.

A least one PCC must be operational to provides LSAS service. If fewer than
four LSAS channels are available, then full LSAS service is made available by
increased gain on the surviving channels. Whenever the autopilot is
disengaged and any LSAS switch is not off, LSAS is available to assist manual
flying. LSAS is not affected by the position of the AFS Override Switches
and ig available when the aircraft is above 50 feet AGL.

LSAS PITCH ATTITUDE HOLD

In the normal flight envelope, LSAS operates vhenever there is less than 2.2
pounds of push or pull force being exerted on the control wheel hub. The
LSAS control law is to "hold pitch attitude and provide automatic stabilizer
trim to relieve sustainad elevator deflections."

LSAS uses up to 5 degrees of elevator to hold pitch attitude whenever there
is less than 2.2 pounds of force on the control wheel and the bank angle is
less than 30 degrees. Any sustained LSAS elevator deflection is promptly
relieved by automatic LSAS stabilizer trim, provided the bank angle does not
exceed 5 degrees and the control wheel force remains less than 2.2 pounds.
The LSAS attempts to keep a full 5 degrees of elevator authority available by
trimming out sustained elevator deflectioms.

Whenever there is more than 2.2 pounds force, LSAS is inoperative and
provides no attitude hold, no pitch rate damping and no automatic stabilizer
trim follow-up. Once the pilot applied control force exceeds about 4 pounds,
friction is overcome and the elevator hydraulic actuators move in response to
the pilot's commands.

PITCH ATTITUDE LIMITING

The LSAS will return the pitch attitude of the aircraft to less than 10
degrees of dive or less than 30 degrees of climb if these are exceeded.

LSAS OVERSPEED PROTECTION

During flight near the airfrape speed limit (Vmo/Mmo), LSAS introduces up
elevator deflection to prevent overspeed causing a nose-up pitch change. If
the pilot attempts to cause an overspeed by pushing on the control column,
LSAS will resist his force in an effort to prevent overspeeding the
aircraft. The target speed that LSAS chooses in high speed protectien is
variable between Vmo/Mmo, for throttles at idle, and Vmo/Mmo plus 6 knots for
throttles at full power. LSAS will not auto trim in the nose down direction
in a high speed encounter. The pilot may counteract the LSAS Overspeed
protection by pushing the control colusm and commanding down elevator through
the mechanical linkage, but the first 5 degrees of this deflection will be
countered by the LSAS smeries elevator inputs against the pilot. This results
in a push force of about 50 pounds to defeat the LSAS. Whan the LSAS reaches
its 5 degree limit of authority, further pilot inputs will produce direct
elevator control and will override the LSAS. There is no autotrim when the
control wheel force is above 2 pounds. If the pilot releases the push force
rapidly, the LSAS will use its elevator authority to dampen the resulting
pitch rate.
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When control wheel force goes below 2.2 pounds, RCWS removes aileron
deflection, and may apply some opposite aileron to stop the roll rate. The
airplane smoothly stops rolling and holds a bank angle. It will then use its
full suthority to maintain that bank angle, up to 30 degrees of bank, even
during atmospheric upsets. One of the most useful aspects of RCWS is the
bank angle stabilization or holding.

Attempts to achjeve bank angles in excess of 30 degrees require increasing
pilot override force on the control wheel proportional to the amount of the
bank above 30 degrees. If the pilot releases that override force, the
airplane will immediately roll back to, and hold 30 degrees of bank.

During the time RCWS is active, aileron trim is ineffective and unnecessary.
RCWS “reacts to'" the control vheel forces when they exceed 2.2 pounds.
Porces above that level command a corresponding roll rate of 4 degrees per
second for each additional pound of force, 15 pounds maximum, out to the
maximum agerodynamic roll rate of the aircraft.

PILOT EFFECTS

Unlike LSAS, which is a series fiight control feature, RCWS is a parallel
feature which means that the pilot sees all the RCWS motions in the wheel,
Forces below 2.2 pounds are resisted as the system attempts to hold bank
angle. After the breakout force, there is a RCWS aileron deflection and a
smooth buildup in roll rate. The aircraft stops rolling

when the input force is less than 2 pounds. In order to stop rolling, the
RCWS moves the control wheel in the opposite direction for a moment. Crews
should anticipate, and should not resist, this motion.

There will be minor control wheel motions as the system counters atmospheric
disturbances in an effort to hold the bank angle. Continual inputs by the
pilot during RCWS operation are unnecessary, allow the RCWS to work until a
different bank angle is required. Resisting the feedback motion of RCWS
results in the system sensing a command in the direction of the force and
reversing the response.

The MD-11 Flight Control System is flexible and easy to use. Not only does
is simplify flying the aircraft with speed control and attitude
stabilization, but it continually monitors that performance to ensure that no
limits are exceeded. And it can always be overridden by the pilot if that is
appropriate.

PJS/hro



LETTER NO. 3
DATE: April 14, 1993

TO: ALL MD-11 OPERATORS

FROM: FLIGHT COPERATIONS CUSTOMER SERVICR DOUGLAS ATRCRAFT COMPANY
SUBJECT: LANDING CHARACTERISTICS AND TRCHNIQURS

This "Know Your MD~11" Newsletter is compiled and published by Douglas Flight
Operations Customer Service. The material contained herein was accurate at
the time of publication, and it is intended to provide information only.
Should conflicts arise between this document and official manuals i.e., the
Aircraft Flight or Flight Crew Operating Manuals, the official manuals are
the final authority and shall supercede the data in this document.

Our new "Know Your MD-11" Newsletter will be issued periedically, on an
as-needed basis. If you find it useful, or if you have a subject you would
iike discussed in a future issue, please contact Art Torosian at the address
below; we would like to hear from you.

Art Torosian

DOUGLAS AIRCRAFT COMPANY
INTERNAL MAIL CODE 94-26
3855 Lakewood Blvd.

Long Beach, California 90846

From time to time we receive requests from our customers, particularly new
operators, for advice on how to get good, consistent, safe landings with
their new airplane. We have pooled the collective experience of our Douglas
pilots, and offer the following:

MCDONNELL DOUGLAS
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The landing characteristics of the MD-11 are very conventional for an
aircraft of its size and weight. Flight controls are responsive, well
balanced and predictable, and with a little practice, pilots are able to
achieve consistently smooth, well controlled landings very close to the
desired point of touchdown.

The following is a phase-by-phase discussion of proven approach/landing
techniques which may help you to achieve comsistency; if you have questions
or advice that you would like to see included in future issues, please let us
hear from you.

MD-11 LANDING CHARACTERISTICS AND TRCHNIQUES

Visual Approach

The aircraft should be stabilized in the final landing configuration, on a
descent flight path and on speed, with appropriate wind and gust corrections
applied to V,..¢ by 1000' AGL. If the aircraft is not stabilized by 500

feet a missed approach should be executed. Rate of descent should not exceed
1000 fpm below 1000'., The visual aimpoint to provide a threshold clearance
height of 47' on a 3.0 degree glideslope should be approximately 1700'. This
will provide a touchdown point approximately 900' from the threshold without
a flare. Do not deviate from the visual glidepath in an attempt to touch
down early.

Flare

Auto throttles will begin to retard after passing 50', and a slight flare
should be initiated between 30 to 40 feet (approximately 2°). The aircraft
should touch down in the touchdown zone. The technique described above will
result in a touchdown slightly below V_.;. Do not hold the aircraft off in
an attempt to achieve a smooth landing. This will result in a long
touchdown, higher than necessary braking forces, a higher pitch attitude and
reduced tail strike margin., The aft fuselage will contact the runway at
approximately 10° pitch attitude with the struts compressed.

Touchdown
At touchdown, with main wheel spin up, assure ground spoiler deployment and

prepare to counter any pitching tendency as the spoilers extend. This will
require the pilot to fly the nosewheel to the ground.
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disengages, and any nose-up elevator command would be washed out within 1
second, and a slight drop in the nose may be observed just before the flare.
From a practical standpoint, this nose lowering would be barely perceptible,
and of little consequence to the flare and touchdown,

These additional guidelines are emphasized:

1. Autothrottles should be used for all landings. The reduction of
power, starting gradually at about 50 feet and continuing through
the flare, complements a2 smooth transiticn to a well controlled and
timely touchdown. The Autothrottle will continue to move the
throttles to idle if not already in idle at touchdown.

2. Pilots should not trim the stabilizer during the flare. Such
activity may contribute to float, a nose high touchdown attitude, a
possible tail strike, and may aggravate any existing pitch up
tendency after touchdown.

3. Experience has shown that approaches which result in large pitch
deviations, and which never achieve true speed and glide path
stability are much more likely to produce unpredictable landings;
hold-offs, floats, hard touchdowns, strong rebounds and tail
strikes. Such approaches make it nearly impossible to establish a
proper crosswind correction, and are especially risky on
contaminated or slippery surfaces. A destabilized approach is a
compelling reason to initiate an early go-around.

LANDING ON WET OR SLIPPERY SURFACES

On a wet and/or slippery surface every effort should be made tc ensure that
reverse thrust is applied symmetrically across all three engines, and crews
should be trained to carefully monitor any tendency for the aircraft teo
develop a skid when the surface is slippery. Should a skid condition
develop, thrust should be brought to idle reverse on all three engines while
the skid is corrected. When a limited amount of runway friction is
available, reduced braking may improve the cornering capability of the
aircraft, and with the use of rudder pedal nosevheel steering, help correct
the skid. Sustained high reverse thrust in a skid will provide a force which
can literally back the airplane off the downwind side runway surface.

INTERRUPTING A SYSTEMS TEST
Each of the three aircraft systems, Air, Hydraulics and Fuel, has a specified

test routine to be accomplished by the flight crew before flight, usually
during cockpit preparation. In examining the causes of instances in which
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FUEL OFF SCHEDULE ON THE GROUND

There may be occasions when Ground Service or Maintenance refuel the airplane
in a manner which may cause the FUEL OFF SCHEDULE alert to appear. This
usually occurs as a result of testing a pump, exercising a valve etc. during
the refueling operations. For whatever reason, if the flight crew finds the
FUEL OFF SCHEDULE Alert displayed after refueling, usually nc action will be
required other than to call up the Fuel Synoptic. If the Fuel System
Controller (FSC) is operating in automatic, it will take but a few minutes
for the controller to automatically reconfigure the fuel distribution to
normal, once the refueling has been completed. This will be evident on the
Synoptic. If the system is operating in manual, then the crew should
redistribute the fuel manually. In any case, it would be a good idea to
question the ground staff to as to how the fuel happens to be off schedule.

PAB/hfg
knowmdil3



LETTER NO. 4
July 22, 1993

TO: ALL MD-11 OPERATCRS

FROM: FLIGHT CPERATIONS CUSTOMER SERVICE DOUGLAS AIRCRAFT COMPANY

SUBJECT: OPERATIONAL PROCEDURES AND TECHNIQUES

The Fleet-wide Dispatch Reliabilty of the MD-11 has crossed the 977
point, and is moving upward. Most of the delays continue to be
systems-related. Occasionally, however, an event will occur which causes
a delay simply because the flight crew is unsure as to how to proceed; a
situation may arise that the pilots have never seen before, or thought
about, or have not been trained to, and given their uncertainty they
elect to delay rather than proceed. Some examples follow:

ATS AMBER BOX

Flight crew, strapping in to begin their cockpit preparation, suddenly
notices that an Amber Box surrounds the Autothrottle ATS CLAMP display on
the PFD. Amber means not available, right? Crew calls maintenance and
refuses to accept the airplane until the Amber condition is resolved.
Actually, Amber is the normal condition for the ATS CLAMP display until
the first engine is started - until the first FADEC is powered,
actually. That step 'enables' the Autothrottle System, and changes the
FMA Autothrottlie BPisplay Qutline to White. Incidentally, the Autopilot
box will also be boxed Amber, and will remain so until V, is
entered/confirmed on the FMS Takeoff Page; both of these displays are
normal.

SLAT ALERT

Flight crew notices, as they are about to taxi, that the Essential Items
(Green Box) displays a white "SLATS," when it usually displays "STAB
TRIM". The crew perceives that something must be wrong with the Slat
System, and returns to the gate. Actually, the crew is correct in that
they normally do see "STAB TRIM" after engine start, because the
Stabilizer is often out of the Green Takeoff Range "Band", having not yet
been positioned for takeoff. But on this particular day, by sheer
chance, the airplane's CG is slightly aft, and the existing stabilizer
position, usually 3° ANU, now falls within the required takeoff Green
Band. The E&AD Essential Items requirement for the Stabilizer position
for takeoff is satisfied. It then displays the next lower priority item
on the Takeoff Warning System, "SLATS". Therefore, "SLATS" is a
perfectly normal display here, and the crew may verify that the SLATS are
functional by setting the SLATS/FLAPS to the desired takeoff position.
When done, the display will then change to the next lower priority item,
usually SPOILERS, and so on until all takeoff requirements are met, and a
“Green Box" is displaved.

MCDONNEKLL DOVUGLAS
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PMC RANGE DISAGREE

In addition tec the normal FMC RANGE DISAGREE which we see from time to time,
we have recently established that there are several additional conditions
which may cause the alert:

1. When the Glareshield TCAS button is depressed, and there is no TCAS
installed in the airplane, a RANGE DISAGREE will be presented; and

2. When a software anomaly in the GCP-902 causes a lockup of GCP Channel A,
range disagree will be presented. This lockup occurs only occasionally,
and is the result of an anomaly in the GCP-902 Software. The source of
this anomaly has been identified, and was corrected in the GCP-903
update, the Service Bulletin for which was released in March 1993, 1If
the Service Bulletin has not yet been installed, a Channel A lockup will
display an FMS RANGE DISAGREE Alert, a SENSOR FAIL on the left ({#1) MDCU,
and the biasing of the on-side Primary Flight Display Pitch Command Bar.
The loss cof the Pitch Bar may not occur until after rotation, but the
ALERTS on the disabled system will be visible before takeoff, and should
prompt flight crew action before flight.

Should Channel A be disabled in flight, and being that it is always
associated with Autopilot-1 and FCC-1, selecting the other Autopilot will
provide a serviceable system. Should it occur before takeoff, maintenance
can usually clear the condition by cycling the GSHLD CONTROL PNL A POWER C/B.

THE REVERSER SLOW-TO-STOW

During the certification flight test program of the G.E. powered MD-11, we
discovered that in some cases the fan reverser transcowls were taking an
excessive amount of time to stow. Subsequent investigation revealed that
pneumatic pressure supplied to the reverser actuation system was insufficient
to allow a normal stow under some bleed air configurations. This condition
could lead to nuisance reverser alerts, and to unnecessary maintenance
action. As an interim scolution, a procedure was develioped and placed in the
FCOM, directing the flight crew to select the Pneumatic System ECON switch to
the OFF position prior to descent. With the ECON system operating (switch
ON) the engine's High Stage Bleed Valve (HSBV) modulates engine bleed to a
nominal 28 PSI. When switched off, as is recommended in the interim
solution, HSBV pressure is increased to a nominal 42 PSI, thus providing
additional energy to expedite the transcowl stow operation.

The problem fix, implemented by the release of two Service Bulletins in early
1993, incorporates new software in the Pneumatic System Controller (-5 PSC
model), new wiring and an upgraded relay which combine to provide an
additional increase in preumatic pressure to a nominal 65 PSI. The FCOM will
be revised later this year to advise operators that the subject ECON OFF
procedure may be deleted after Service Bulletins have been installed.

MOCDONNELL DOUGLAS
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Rudder pedal limits on the amount of nosewheel steering are carefully
selected by the manufacturer to prevent inadvertent over-controlling of
nosevheel steering. Testing has clearly demonstrated that the nose tires
maintain maximum "bite," especially on slippery surfaces, when deflected
out to about 6°. 1In a non-skid condition, this is 6° from the

fuselage centerline; in a skid, it is measured from the direction the
airplane is moving. As nosewheel deflection continues to increase beyond
10° by use of the steering tiller, the tires gradually lose their
adhesion. When deflection reaches 17° from the direction the airplane

is moving, they have lost most of their effectiveness. Further, at high
angles of nose wheel deflection, the "outboard" nose tire tends to lift
off the runway; this reduces the amount of tire area in contact with the
surface, with a proportional loss in steering. It is interesting to note
that the dry-runway VMCG does not take advantage of nosewheel steering,
and therefore represents a safety factor. On wet runways, however, VMCG
is the actual minimum control speed.

It is very difficult for the PF to control, or even to judge, how much
steering deflection has been applied with the tiller on a slippery surface.
The tiller should not be used at high speed, especiallvy when in a skid; it is
likely to aggravate, rather than to help restore, directional contrel.

In summary, in windy and/or slippery conditions, we have to fly the airplane
all the way down to the runway turnoff for a safe, smooth and professiocnal
“arrival."”

A. Torosian
Business Unit Manager
Operaticnal Safety
& Customer Service

PAB:hrf
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LETTER NO. 5
February 21, 1994

FADEC ALERTS: What they mean, and what to do about them:

As with many pilots flying with a FADEC system for the first time, MD-11 pilots
quickly gain confidence in the new system, particularly appreciating the ease and
precision of setting power. But when FADEC MAINTENANCE or FADEC FAULT Alerts
appear, indicating possible malfunction or degraded performance, pilots may become
uneasy or apprehensive with FADEC because:

A. they may not be sure what the Alert means.
B. they may feel that they do not have enough control over the
system to influence the future course of events.

Volume forty seven of Douglas Service Magazine published a detailed article
highlighting significant aspects of FADEC Design and Operation. Copies of this
article may be obtained directly from the Douglas Service Editor, Mail Code 73-30,
3855 Lakewood Blvd., Long Beach, CA. 90846. To focus on the FADEC ALERTS for the
moment, the following is derived from a Douglas Powerplant Engineering Newsletter:

The FADEC controls in both the CF6-80C2 and PW4460 engines are authorized to
operate for a limited time with certain failures. This concept is known as "Time
Limited Dispatch", and was developed to better utilize the redundancy of modern
FADEC controls.,

Time Limited Dispatch is possible because of the fault telerant design of the
Engine Control. Failures can be detected and accommodated such that the operation
of the failed component will not affect the operation of the engine. However, it
may decrease the fault tolerant capability of the control such that the next
failure may not be fully accommodated. As the number of faults accumulate, the
engine may not be able to maintain operation, or the risk of abnormal operation may
become too great.

A statistical failure analysis, combined with an analysis of service history, has
made it possible to group these failures into two categories:

EAD DISPATCH TIMR

ALERT CATRGORY LIMIT

FADEC MAINT No Dispatch N/A

FADEC FAULT Short Time Dispatch 10 days/150 Hr

Failures are grouped intc these categories based on the risk of an In Flight Shut
Down/Loss of Thrust Control. These failures, and the category to which they
belong, are defined as an integral part of the respective Engine Type Certification
Data Sheet.

MCDONNELL DOUGILAS
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Only the FADEC MAINT Alert indicates a non-dispatchable condition; for this alert,
maintenance action will always be required before flight. Conversely, a FADEC
FAULT indication is always dispatchable without maintenance action, as specifically
authorized in the MEL Procedures Manual, After a FADEC FAULT alert appears
however, & schedule for corrective action is mandated in the manual. The flight
crew need only record the time of occurrence, and the engine on which the FADEC
FAULT appeared.

FUEL SYSTEM
ISOLATION VALVES-GENERAL:

There are two I1SOL (Isolation) valves in the MD-11 fuel system, identified as AUX
ISOL and TAIL ISOL.. These valves are electrically positioned by the Fuel System
Controller (FSC), and their primary functions are two-fold:

A} During the fueling operation, they direct or inhibit the flow of
fuel to their respective tanks (Aux and Tail); and

B) During flight, they enable the movement of fuel into or out of
these tanks to appropriate destinations for further storage, for
consumption and/or for Center of Gravity (CG) management. The
foliowing discussion, together with the enclosed Fuel
Schematic, will add detail on how they accomplish these tasks.

— AUX TANK ISOL VALVE:

Functions:
1. Isclates the aux fill/transfer manifold from the main tank fill/crossfeed

manifold. This allows the crossfeed manifeld to be pressurized during
takeoff without pressurizing the aux fill transfer manifold which runs
inside the aircraft pressure envelope.

2. Prevents fill valve bleed flow into the aux tanks when the main
tank/crossfeed manifold is pressurized.

3. Provides an alternate fuel route from the lower aux tank and tail tank to
the main tanks when the upper aux tank has already been emptied or has
inoperable components.

Operation:
THE AUX TSOL VALVE:

1. Is opened auvtomatically from the refueling panel when an aux tank or tail
tank fill valve is armed.

2. Is controlled by the FSC in AUTO mode to perform tail fuel management.
3. Can be operated during maintenance using the CFDS FSC RETURN-TO-SERVICE
menu.

MCDONNELL DOUGLAS
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7. ¥emantary Control Wheel Deflection. When the Deflected Aileron System
is active and the aircraft is also eguipped with the Roll Control Wheel
Steering (RCWS) option, there will be a momentary control wheel deflection
of approximately 12 degrees for 1 second when the ailerons initially
deflect or retract after takeoff. This deflection is normal, and an
explanation of this phenomena is provided below:

When the RCWS {(or Autopilot) is active, one of the inboard ailerons {the
left aileron for RCWS 1, the right for RCWS 2) is controlled by the
Flight Control Computer (FCC)} electronically. In this mode, the engaged
aileron actuator will not accept mechanical inputs, and deflection must
occur electronically through the FCC. The FCC attempts to accomplish
this deflection at the same rate that the ADA is trying te deflect the
aileron mechanically. In actual practice, however, due to small lags in
the aileron response to the ¥CC commands, the aileron is usually moving a
little slower than the ADA-directed movement. The ADA then backdrives the
control wheel siightly until the aileron catches up; this causes the
aforementioned momentary aileron pulse.

The characteristic explained above is normal, and actually provides a
positive, tactile indication that the ailerons have deflected. Typically,
if RCWS 1 is active, the control wheel will move counterclockwise when
lowering the ailerons and clockwise when raising them. If RCWS 2 is
active, the opposite will be true.

This same phenomena will also cccur when the Autopilot is engaged while
the flaps (and ailerons) are retracting after takeoff. The effect on
autopilot contreol is negligible, will usually not be noticed by the crew
unless they are specifically looking for it, and may vary slightly from
aircraft to aircraft due to normal component tolerances. It is not a
cause for concern by the flight crew.

JIS TUNING AND CAPTURE:

If the ILS is tuned manually by IDENT only, and if the final approach course
information is not entered, the LAND ARM will be displayed vet no capture will
occur; the course must be entered on the NAV RAD page to get capture, This
applies after the -908 FPMC software has been installed.

In the -907 FMC; if an ILS IDENT is manually entered that is the same as the ident
programmed in the Flight Plan ILS approach, the FMS autotunes and validates the ILS
CRS on the output bus, but does not display it on the NAV RAD page. This allows
the AFS to capture the ILS. A change has been made in the -908 FMC to prevent
automatic Course Selection when an ident or frequency is manually entered on the
NAV RAD page without final approach course information.

LOSS OF HYDRAULIC SYSTEMS TWO AND THREK:

One operator has advised us that an incident occurred in which Hydraulic System #2
shut down in flight following the loss of system fluid, and a short time later, the
crew performed a precautionary shutdown of system #3 after showing indications of
yvertemp. During the remainder of the flight, utilizing only Hydraulic System #1,
the flight experienced a noticeably higher fuselage deck angle, and an increase in
fuel burn, caused by additional drag from flight control surface float.

MCDONNELL DOUGLAS
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2. Question: Can Ballast fuel be burned in flight?

Answer: As we are aware, fuel that is placed in ballast is for CG

purposes, and is not intended for later consumption; FARs and AFMs have
provided strong advice on that. However, should extraordinary circumstances
dictate extraordinary measures, then to guote from Honeywell's MD-11 Cockpit
Pilot's Guide, '"Manual fuel system operation ignores FMS ballast entries and
therefore ballast fuel may be used inflight (tail tank ballast fuel switches
on the maintenance panel must be moved from the TAIL BLST position)."

3. Question: With warm brakes, how long will it take to cool them, and when
can the next takeoff bhegin?

Answer: Enclosed is the Douglas FCOM Vol. IV Takeoff Brake Temperature
Chart. This subject is one of high focus with the FAA right now, and we are
working with them to provide a simplified scheme, more readily accessible to
the flight crew, to help the captain decide when he has sufficient brake
capacity available to permit a takeoff. In the meantime, this chart can be

used.

4. Question: Why do we see different ETAs to the next waypoint between the
Nav Display and the FSC-MCDU Progress Page?

Answer: The ETA to the next waypoint on the Nav Display is based on the
current IRU proundspeed and the distance to the waypoint.

The ETA(s) displayed on the FMC pages (PROGRESS, FPLN, FIX) are all based on
FMS predictions. FMS predictions determine the predicted groundspeed based
on current and FORECAST Winds and the FMS Speed Mode (target).

Reasons for different resulting ETA's:
{1) PMS software error in the calculations of winds used in Predictions.
This error is believed to account for most revenue complaints of ND/FMS

PAGE ETA discrepancies. This software error is being fixed in the FMS
-909,

(2) PMS SPEED Mode target significantly different from the current
aircraft speed.

(3) Lack of accurate FORECAST Wind Information in the FMS for use by FMS
Predictions.

Background on ¥MD~11 ™S use of Winds:

In cruise, ¥MS Predictions use a blend of current winds and FORECAST Winds
(pilot entered on the VERT REV Page 2). Predictions use 100% current winds
directly in front of the aircraft, ramping linearly down to OZ current winds
at 200 n.m. in front of the aircraft. The use of FORECAST Winds ramps
linearly from OX at the aircraft nose to 100Z at 200 n.m. in front of the
aircraft; beyond 200 n.m. predictions use only FORECAST Winds. However, the
predictive process is cumulative, so that predictions for all downpath
waypoints are based on the results of predictions to previous waypoints.
Therefore, predictions to all waypeints in the flight plan are based on both
current winds (used in the first 200 n.m. of the predictive process) and
FORECAST Winds (used all along the f£light plan, but has more influence on
the predictions beyond 200 n.m.).
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LETTER NHO. 6
October 7, 1994

Know Your MD-11l

Landipg Over Weight

Every transport aircraft has, as part of its design
specification, a specified Maximum Landing Weight. For routine
operations, landing at or below this weight is the rule. Because
the Maximum Structural Takeoff Weight is often substantially
higher than the max landing value, and because circumstances may
arise after takeoff which make it desirable to land before the
fuel burnoff or fuel dump can bring the weight down to the max
landing weight, the flight crew may occasiocnally be well advised
to consider an overweight landing. The purpose of this letter is
to review the factors which impact on landing overweight, and to
offer guidance to the crew on how best to accomplish it.

The maximum landing weight is a value which is established by
several factors, including the strength of the aircraft
structures, flap limit speeds, tire limit speeds, and brake
capacity. With respect to structural strength, the aircraft is
designed to accept a touchdown in a normal landing attitude at up
to 10 feet-per-second {600 fpm) with no damage at the maximum
landing weight. When the landing weight goes above this value, a
landing is still permitted, but the allowable sink rate
decreases. Charts are provided in the FCOM Performance Manual
which show the allowable sink rate for weights above the maximum
landing weight. The flight crew should consider the following
when performing an overweight landing:

Select a runway which is long enough, and is into the wind.
Higher approach and landing speeds will increase landing
distance, which should be determined by reference to the
performance section of the AFM. Do not land on contaminated
runways unless it is absolutely necessary.

Page 1 of 2
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The maximum landing flap setting should be used whenever
possible. On some aircraft the approach speed may be higher than
the maximum flap speed 1limit in which case the alternate flap

setting must be used.

Touchdown speeds are normally on the order of 5 to 10 knots below
the £inal approach/threshold speed, and surface wind conditions
should be factored in to determine if tire limit speeds will be
exceeded.

All things considered, it is preferable to reduce weight by
dumping fuel when possible. If, however, an overweight landing
is advised, consider the following.

1. Determine the landing distance from the performance section
in the AFM.

2. Configure the aircraft to the maximum landing flap
configuration commensurate with approach flap speed restrictions.

3. Fly a speed and glide path stabilized approach using the ILS
if available.

4. Use reverse thrust after landing and apply brakes normally
consistent with wind, runway conditions and distance remaining.

5. Write-up the Overweight Landing event. An overweight
inspection is always required; the extent of which is determined
by how much the aircraft exceeded the Max Landing Weight at
touchdown.

Page 2 of 2
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LETTER NO. 7
October 7, 19954

KNOW YOUR MD-11

ENGINE FIRE AGENT DISCHARGE PROCEDURE

Recently an MD-11 experienced an inflight Engine Fire Warning.
The engine was shut down per the emergency checklist and the fire
handle was pushed down and rotated t¢ discharge the fire
extinguishing agent. However, the agent did not discharge,
perhaps because the fire handle was not at the full forward limit
when it was rotated.

To discharge the agent, the fire handle must be pushed full
forward, against the stop tc overcome the spring back load. It
must be held there while rotating the handle clockwise to
discharge the Number 1 Fire Agent, or counter clockwise to
discharge Number 2. The Flight crew can then verify that the
agent has been properly discharged by checking the Agent Low
Light.

Flight crew personnel seldom have the opportunity to experience
the "feel" of the spring load in the system; it is suggested that
it may be useful to incorporate an exercise into the simulator
training syllabus to give them a "hands-on" opportunity.
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CHI94MA290 file:/CoFILES FLIGHT 14- Abtalia htew

NTSB Identification; CHI94MA290. The docket is stored in the (offline} NTSB Imaging System.

Scheduied 14 CFR 129 operation of ALITALIA

N Accident occurred AUG-19-94 at CHICAGO, IL

Aircraft: MC DONNELL DOUGLAS MD-11F, segistration: IDUPO
Injuries: 267 Uninjured.

THE AIRPL.ANE EXPERIENCED A HARD LANDING ON INITIAL TOUCHDOWN,
SUBSEQUENTLY, THE NGSE TIRES FAILED, DAMAGE OCCURRED TO THE GENERAL
AREA OF THE NOSE LANDING GEAR SUPPORT STRUCTURE, AND THERE WAS FOREIGN
OBJECT DAMAGE TO THE #1 AND #3 ENGINES. THE FLIGHT DATA RECORDER (FDR)
DATA INDICATED THAT THE INITIAL TOUCHDOWN ACCELERATION HAD A VALUE OF
19488 G'S. AT THAT TIME, THE THROTTLE RESOLVER ANGLES INDICATED 52.03, 51.33
AND 4922 DEGREES FOR THE NUMBER ONE, TWO AND THREE ENGINES, RESPECTIVELY.
Al SO, THE FDR REVEALED THAT AFTER TOUCHDOWN, THE AIRPLANE EXPERIENCED
FOUR OSCILLATIONS IN THE PITCH AXIS. THE MAXIMUM PITCH ANGLE DURING THIS
TIME WAS +5.98 DEGREES NOSE UP, AND THE MINIMUM VALUE WAS -2 46 DEGREES
NOSE DOWN. DURING THIS TIME FRAME, SPOILER POSITIONS NEVER EXCEEDED 8.0
DEGREES OF DEFLECTION AND THE NOSE WEIGHT ON WHEELS PARAMETER CHANGED
FOUR TIMES.

Probable Cause

THE FIRST OFFICER'S IMPROPER FLARE AND IMPROPER USE OF FLIGHT CONTROLS
DURING THE LANDING FLARE/TOUCHDOWN.

Index for Aug 1994 | Index of Months OC 3T O
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LAXG31A198 fite:-:C -FILES FLIGHT 14 delta 1993 hem

foft

NTSB Identification: LAX931A198. The docket is stored in the (offline) NTSB Imaging System

Scheduied 14 CFR 121 operation of DELTA AIRLINES
Incident occurred APR-30-93 at LOS ANGELES, CA
Aircraft: MCDONNELL DOUGLAS MD-11, registration: N803DE
Injuries: 277 Uninjured.

THE PILOT WAS INSTRUCTED TO GO-AROUND ON HIS FIRST APPRCACH DUE TO
PRECEDING TRAFFIC ON THE RUNWAY. AFTER THE SECOND APPROACH, HE ALLOWED
THE AIRPLANE'S DESCENT RATE TO BECOME EXCESSIVE, AND IT TOUCHED DOWN
FIRMLY AND BOUNCED. THE SECOND TOUCHDOWN WAS ALSO FIRM. DURING THE
LANDING ROLL-OUT, THE AIRPLANE VIBRATED, BUT WAS CONTROLLED WITH BRAKES
AND ENGINE REVERSING. A POST-FLIGHT EXAM REVEALED DAMAGE TO BOTH NOSE
GEAR TIRES AND WHEEL RIMS, SMALL HOLES IN THE FUSELAGE AFT OF THE NOSE
GEAR, AND INGESTION QF TIRE RUBBER IN THE #1 ENGINE.

Probable Cause

THE PILOT'S IMPROPER FLARE AND IMPROPER RECOVERY FROM A BOUNCED LANDING.

Full nareative available

Index for Apr 1993 | Index of Months TOCSOZ 35007
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1ofl

LAX931A198

On April 30, 1993, at 2113 hours Pacific daylight time, Delta Airlines Flight 88, a McDoanell Douglas
MD-11, N8O3DE, landed hard on Runway 24R at Los Angeles International Airport. Los Angeles,
California. The airplane, operating as a scheduled international passenger flight under 14 CFR Part 121,
sustained minor damage. There were no injuries to the 14 crewmembers or 263 passengers. Night visual
meteorological conditions prevailed. The flight oniginated at Anchorage, Alaska, at 1543 hours.

According to the FAA, the pilot was instructed to go-around on his first approach due to the preceding
traffic on the runway. On the second approach, the airplane landed hard and bounced. The pilot added
power to cushion the landing, which subsequently stowed and disarmed the wing spotlers.

Examination of the airplane revealed damage to both nose gear tires and wheel nms, damage to the heat
shield on the center body gear. small holes in the fuselage aft of the nose gear, and ingestion of tire rubber
in the number 1 engine nlet.

Delita Airlines System Manager Flight Safety reported in part, "On arrival into LAX, the crew was cleared
for an ILS 24R with about 18,000 pounds of fuel remaining. A go-around was required from short final
due to failure of traffic ahead to clear the runway. On short final, [the] aircraft felt like it was sinking, but
an instrument check indicated a stable approach. The Captain added additional throttle and back pressure
to the controls. The aircraft touched down, the nose pitched up and the aircraft became airborne.”

The system manager also stated that, "The Captain added additional power and forward pressure to the
controls to counter the nose pitch-up. The second touchdown was firm and during the rollout the arcraft
vibrated, but was controlled with brakes and engine reversing.”

Delta Airlines did not report any mechanical failures or malfunctions with the airplane preceding the
incident. Delta Airlines also reported that "training in last minute high sink rate situations and recovery

techniques after a hard landing could prevent a similar occurrence.”

Return 10 synopsis

3731199 11:27 AM
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