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23 March. 1999 

Robert Benzon 
Senior Air Safety Investigator, lIC 
National Transportation Safety Board 
490 L'Enfant Płaza East, S.W. 
Washington, D.C. 20594 

--

RE: DCA97MA055, Fedex Pilots Association Submission 

Dear Mr. Benzon, 

This report is respectfully submitted by the Fedex Pilots Association, under the 
provisions ofTitle 49 CFR, Part 831.14. The primary purpose ofthis Submission is to 
assist the Safety Board to develop Safety Recommendations to prevent future accidents. 
The body ofthis submittal contains hath implicit and explicit observations and 
recommendations. Explicit recommendations are al50 compiled at the end ofthe 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 handłed by the Atlanta 
NTSB field office. FPA has been unable to obtain any documentation NTSB produced 
during that investigation. There is extensive documentation ofthe repair work performed 
to the aircraft after that event. FPA did obtain the NTSB report for the aircraft's second 
accident, occumng on November 4,1994. Oddly, compared to the first landing accident, 
there are onły a few pages of documented repair work following the accident on 
November4. 

FP A is still attempting to find more documentation for both events. It is not elear that 
this documentation will become available at any tirne. 

Respectfully, 

VeAt'«fo 
Shem Malmquist 

. --r­
> 

FPA Party Coordinator 
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I .O Executive Summary 

i 

On July 3 1, 1997, a FedEx MD- 1 1 ,  N6 1 1 FE, 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. Excellent flightcrew coordination was 
evidenced. All briefings were accomplished in a professional manner and Crew 
Resource Management techniques were flawless. 

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 flew 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 serious injuries resulted. 

The questions of how this accident occurred, 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. a review of h4D-11 landing incidents and accidents. 
3. a review of MD- 1 1 flightcrew training procedures. 
4. a review of the criteria to determine how and when to conduct hard landing 

inspections. 
5 .  a review of MD- 1 1 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 prevent 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 fight 
modes. 
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tail strike avoidancehounced landing recovery training. FPA is not aware of any other 
aircraft types that require such specialized training. 

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 regularly 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 uneventfbl. The 
crew had previously noted that there had been 3 write-ups on the autobrake system’, 
which were signed off by maintenance as corrected. Additionally, the number 1 thrust 
reverser was inoperative and was so noted in the Aircraft Maintenance Log in compliance 
with the Minimum Equipment List 
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. 

After evaluating these matters, and in 

The Digital Flight Data Recorder (DFDR) showed that the aircraft was hand flown on the 
ILS4 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) approach. 

The MD-11 Airplane Flight Manual (AFM) directs the pilot to maintain the vertical 
descent rate on an established glideslope (electronic or VAS1 if available). The manual 
fhrther 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 

The anti-skid system also had some previous write-ups, although there is no reference to this in the NTSB 

See Deferred Items placard copy in Appendix X. 
Instrument Landing System 
Air Traffic Control Airport Surveillance Radar. 

Operations Group Factual or interviews. See Appendix X. 
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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 
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. 

that averaged between 55-58 degrees 

On a MD-11 with the autothrottles engaged, thrust will be reduced to idle at a 
programmed rate beginning at 50 feet regardless of the aircraft’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 lower 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 ‘/z degree) as the aircraft passed 15 feet, then it was 
increased again prior to touchdown. Although a ‘/z 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 
small pitch changes in this aircraft. Based on the experience 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-l l  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% inh-ibit 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 
aircraft 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 following the initial touchdown. 

~~ 

Throttle Resolver Angle (TRA) is a precise measure of throttle positionlsetting. Higher numbers 
correspond to higher selected power settings. ’ NTSB DFDR Factual, page V-18. 
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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 fiactured 
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 l i f t  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-1 0-308 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 part 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 certiJcation during dynamic crosswind 
landing 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 considen’ng 
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 towarris 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 gear and wing design of the DC-10-30 is virtually identical to the MD- 1 1. 9 
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with the runway at this point couldplace extreme loads on the upwind gear that far 
exceed the loads apected 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. 

0 FPA recommends that FAA convene a Critical Design Review of not only the 
MD-11 design, but also 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 (AOA). 

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

FPA 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 malhnctioned, and there were no reports 
from the crew of any control anomalies. 

3.2 Maintenance 

A hard landing inspection is 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 highly subjective matter. There is a no quantitative measuring criteria 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. 
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3.2 Maintenance 
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only the G 10ads measured tram the accelerometer, the landing gear on aur accident 
airplane could have sustained loads in excess of design certification limits on previous 
łandings. 
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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 N61lFE 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 l i f t  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 ful l  performance analysis for possible loads to the landing gear and aircraft 
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 0 degrees at the time of the second touchdown. The DFDR 
recorded a ’/z 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 those 
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.I3 

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 

l o  See Sections 4.0 and 4.6 for an explanation of the motives for this pilot technique. 
I ’   his is common~y referred to as “udoading”. ’’  his is commonly referred to as “porpoising”. 
l 3  Initial inspection revealed mild to moderate buckling of the skin and attaclung 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.I3 EA 
5330-Ml1-21224 has no mention of a landing gear inspection, even though the aircraft had a maximum 
vertical acceleration of +2.856. 
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were required. l4 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- 1 1 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 N6 1 1 FE 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 ~nloading.’~ 

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 pillow block bolts (commonly called 
“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 300m 
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 failure in the FedEx EWR accident was the right 
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 parts included the upper-and lower spar caps and 
shear web. These components together form the rear spar. 

It is likely that some hard landings in transport aircraft have gone unrecorded 
due to the limitations in the current inspection criteria. FPA recommends that 
additional maintenance inspection criteria should be implemented to include the 
possible 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/or 
destroyed. Without these components, it is not possible to make an absolute 
determination that there was no previous damage. 

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

9 

were required. 14 FPA has been unable to find any explanation for the multiple landing 
accidents that have occurred with this particular airplane. 

FedEx used the "Iayered inspection" method to place MD-II 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 ofthe rear spar web as a maintenance 
action would have required removal of inspection plates or wing skin. FPA bas not been 
able to verify whether the rear spar web was inspected after either ofthe 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 nominał sink rates 
but during which the total forces actually exceeded the land ing gear and possibly wing 
load limits due to wing unloading.l~ 

The landing gear structure attaches to the base ofthe fuselage through an attachment 
called a "pillow block," which is bolted to the trapezoidal panel łhat extends into the 
fuselage structure. Due to the design ofthe pillow block bolts (comrnonly called 
"packing"), they would be łess likely to show evidence offatigue. Normally these 
components show evidence offatigue quickly as they are made ofextremely hard 300m 
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 probabie initial structural failure in the FedEx EWR accident was the right 
wing rear spar web. The spar web is made of7075D6 Aluminum. lfthere had been 
evidence of fatigue or overload, it would have been visible; however, those pans were not 
available for inspection because these sections were released by the NTSB and destroyed 
by the salvage company. The missing parts included the upper and lower spar caps and 
shear web. These components together form the rear spar. 

• Ił is likely that some bard landings in transport aircraft have gone unrecorded 
due to tbe limiłałions in the current inspection criteria. FPA recommeods tbat 
additional maintenance inspection criteria should be implemented to include the 
possible efTects of "wing unloading." 

• Ooły portions of the right wing rear spar web and related components were 
available for inspection because many oC them were prematurely released and/or 
destroyed. Withouł these components. ił is not possible to make an absolute 
determinałion tbat there was no previous damage. 

14 The full narrative from lhe NTSB accident report ANC95FAOO8 is induded in Append.ix IV. 
15 "Wing unloading" is described on page 80fthis submittal. 

9 



3.3 General StructuraVPerformance 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.'6 Boeing conducted this analysis via an 
ADAMSI7  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 compressed." 

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. l9 The total loads may or may not have exceeded the 

l6 This is another way of describing how much of the aircraft weight was being supported by the I f i  
fenerated from tlie wings. 
' Automatic Dynamic Analysis of Mechanical Systems, designed by MDI. Ann Arbor, MI. Th~s is a 

general-purpose mechanical system simulation tool that provides dynamic. time domain response from 
highly complex and non-linear mechatiical models. Based on the principles of Lagrangian Dynamics. 
ADAMS numerically formulates and solves the system equations as a function of time. The equations are 
usually both algebraic and differential as well as highly non-linear. '* MDC 98K1023, page 40. 

An aircraft structure is not rigid and will absorb significant forces through flexure. 19 
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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 is 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 indicate 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 N61 IFE 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. 

0 FPA requests that an analysis be performed to determine if the Center Landing 
Gear and fuselage structure could have absorbed part of the landing 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 Desim and Performance Summary 

1. 

2. 

3 .  

4. 

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

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. 

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. 

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

6. It is still unknown why this airplane (N61 IFE) 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 possible 
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 runway 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.20 

The MD-I  1 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 fiom 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 pilot to immediately recognize any change in pitch, sink 
rate, airspeed, runway alignment, and roll and apply control forces to counter these 
changes. 

The MD- 1 1 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 Flight 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 6-1 1, 1 
February 1998). 

20 
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“. . .the.. .problem is there but it is not serious if you keep it from happening - get the nose 
down.”2’ (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 successfbl landing.” (Nordberg). 

Additionally, the following is an excerpt from a NTSB report following one of the 
previous landing accidents in this particular airplane (N61 1FE)22: 

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 input. If the pilot waited for the nose of the airplane to 
begin movement in any direction, his control effect was greatly 
diminished.23 

A specialized tail strike awareness traininqtrogram 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- 1 1 landing accidents throughout the industry. The MD- 1 1 airplane 
has design characteristics that directly translate into specialized flying techniques to 
safely operate the aircraft. 

No study was conducted by the NTSB to determine how other operators 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. 

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

21  his was referring to landings. 
22 NTSB ID: ANC95FA008, page 1C 
23 Emphasis added. 
24 See Section 4.3 and Appendix 111 
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" ... during training it is the rule. not the exception. that pilots have trouble landing the 
MD-łl; the MD-II has a narrower than usual landing envelope and it must be kept in the 
envelope to make a successfullanding." (Nordberg). 

Additionally, the following is an excerpt from a NTSB report following one ofthe 
previous land ing accidents in this particular airplane (N611 FE)22: 

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 anticipałe 
this control input. lf the pilot waited for the nose of the airplane to 
begin movement in any direction, his controi ełTect was greatly 
diminished,23 

A specialized taił strike awareness trainin~frogram has been implemented by FedEx to 
help train crews to overcome these issues. WhiJe this eases the problem, ił also serves 
to emphasize the fact that the MD-II requires speciallanding techniques. There have 
been quite a few MD-Ił landing accidents throughout the industry, The MD-II airplane 
has design characteristics that directly translate into specialized flying techniques to 
safe1y operate the aircraft. 

No study was conducted by the NTSB to determine how other operators are 
conducting their training. What ex.łent they use autothrottles, guidance tbey 
provide to tbeir Oightcrews with regard to the landing and handling characteristics 
of the airplane, including Oare and bounced land ing recoveries, were not addressed. 
This was a significant oversight in łhe investigation. 

• FPA requests the NTSB Operations Group to convene a study ofthis issue. 

21 This was referring to landings. 
22 NTSB ID: ANC95F A008. page l C 
23 Emphasis added. 
24 See Section 4.3 and Appendix III 
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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.25 MD-11 pilots are trained to deplo thrust reversers 1 and 3 after mainwheel 
touchdown and prior to nosewheel touchdown , After nosewheel strut compression, the 
number 2 engine reverser may be fblly 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 discretion2’. 

76 

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

4.2 Aircraft Performance Laptop Computer and Landinp 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 fiom 07/02/97 through 07/27/97. Additionally, 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.28 

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 primary 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 until 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 
elected to use flaps 50. Additionally, the Operations Group Factual report originally 
stated29: 

25 See Appendix X. 
26 see FDX AFM 7-101.31 July. 1996 
” see FDX AFM 7-103. 15 November, 1994 

29 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 lengtli.” The “after the glideslope” distance is published on the 
Jeppesen chart. The original text was used here to highlight a common misinterpretation. 

See appendix X. 28 
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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 after glide slope touchdown. The crew discussed the 
option of using MAX auto brakes; this would require a stopping distance 
of 5 100 feet. The decision was made to use MAX auto brakes. Air speed 
reference bugs were set at 162 kts. For the landing weight, Vref plus 5 
k t ~ . ~ ’  

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.31 It states: 

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

Landing distance is 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 immediately 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 (+lo00 feet). 

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 

30 NTSB Operations Group Factual DCA97MA055, page 5, original version. 
3’ FedEx Aircraft Flight Manual (AFM) page 54-24, 
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value was 4500 feet, providing a 2300 foot margin under the “after 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 confbsing. The FedEx Aircraft Flight Manual 
explanation of this topic was amended on the day of the accident.32 

It is probable that this confbsion stemmed from a general misunderstanding of the data 
presented by old style landing distance charts. The data presented by the APLC is 
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 already started implementation of such 
training. 

4.3 Aircraft and Ground LiPhting 

The left inboard landing light was inoperative when turned to the extend/on position 
during the arrival 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 especially 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 5-0-24,3 1 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. 

17 
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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 ,33 In 1993, the manufacturer recommended that the autothrottles 
be used for all landings.34 The autothrottles retard power at a pre-programmed rate 
passing 50 feet RA.35 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.36 
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 position. The pilot will need to apply 
constant pressure to the throttles during the flare until additional thrust is no longer 
required. 

Although this is generally 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. As a 
result, a problem could be encountered if a pilot is attempting to add just a bit of power 
following a bounce recovery. Due to the autothrottle 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 throttles are, and he might believe he had increased the power to a 
setting higher than pre-touchdown when in reality that setting could be somewhat less. 

0 The DFDR recorded a reduction in TRA immediately following the first 
touchdown. It does not appear to FPA that the pilot flying intended this. The 
pilot increased TFL4 just prior to the first touchdown. The combination of the 
factual DFDR data and crew interview statements appear to confirm the FPA 
position. 

33 FedEx modified the Aircraft Flight Manual in 1998 to allow flightcrews the option of turning off the 
autothrottles if desired. 
34 Flight Operations Customer Service Douglas Aircraft Company. Know Your MD-11. McDonnell 
Douglas, April 14, 1993. 
35 Radar Altitude. 

a constant rate for all landings. 
Autothrottle retard rates during the flare are not adjusted for variable sink. speed or closure rates, but are 36 
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4.5 Aircraft Ground Spoilers 

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 throttle travel.37 

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- 
49% TRA, the ground spoilers will be inhibited and allow a bounce to continue to 
develop. 

0 FPA recommends that the FAA and manufacturer re-evaluate the TRA used for 
inhibiting the ground spoilers with consideration 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 Douglas created a training program to make MD- 1 1 
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. 
McDonnell Douglas has produced a traininghnformation 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.38 The FedEx AFM stated, “Be prepared to counter any pitch-up 
tendency as spoilers extend.”39 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. 

37 Throttle Resolver Angle (I’M). 
38 See also section 4.0 of this submittal. 
39 FedEx MD-11 flight manual (AFM), July 1996, page 7-101. 

19 

4.5 Aircraft Ground Spoilers 

The ł\.1D-Il is equipped with a ground spoiler system. ODce armed, the ground spoilers 
deploy to the 2/3 mid position upon main wheel spin up. Fuli ground spoiler deployrnent 
occurs upon nose wheel strut compression. Ground spoilers are inhibited when the 
throttles are advanced forward of 44-49% ofthe throttle travel. 37 

The information that Ground Spoilers are inhibited is not available to the line pilot either 
in the FedEx MD- ł 1 Flight Operations Manuał or in the Honeywell Pilots Guide, hoth 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 or 44-49% TRA will inhibit the ground spoilers during the land ing. 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. Ifpower is advanced forward ofthe 44-
49% TRA, the ground spoilers will be inhibited and allowa bounce to continue to 
develop. 

• FPA recommends that the FAA and manuracturer re-evaluate the TRA used ror 
inhibiting the ground spoilers with consideration to increasing the TRA that will 
inhibit the spoilers. 

4.6 Tail Strike Awareness Trainin!1. 

The MD-II has a history oftail strikes during both takeotTand landing, with a majority 
occurring during landing. After several taił strikes and one nose gear tirst landing within 
the industl-y, FedEx and McDonnell Douglas created a training program to make MD-Il 
pilots more aware ofthe ditTerent characteristics oflanding this aircraft. All FedEx MD­
II pilots receive this training either during initial training or during recurrent training. 
McDonnell Douglas has produced a training/information video detailing the unusual 
characteristics ofthis aircraft during initial rotation, approach, f1are, and landing. This 
video is shown during tail strike avoidance training. 

When landing the MD-II, pilots have been conditioned to quickly arrest any pitch up 
with forward elevator. 38 The FedEx AFM stated, "Be prepared to counter any pitch-up 
tendency as spoiIers extend.,,39 The łanding technique taught by FedEx and the 
manufacturer at the time of the accident was for the pilot to hołd a constant pitch attitude 
below 10 feet or to slightly reduce pitch attitude just prior to touchdown. 

37 Throttle Resolver Angle (I'RA). 
38 See also section 4.0 ofthis submittal. 
39 FedEx MO·ll tlighl manuał (AFM), July 1996, page 7-101 

19 



Below 10 feet with the aircraft f d l y  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 technique is to relax 
the back pressure to lower the nose (approximately 1”) prior to main gear 
touchdown.40 

The FedEx MD-11 “Flight Instructor Guide” portion of the “Tail Strike Awareness 
Training” 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. ?I 

The MD- 1 1 has had a pronounced pitch-up tendency during spoiler deployment after 
landing.42 The net result is that when under 10 feet during landing, MD-I  1 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 techniques 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 in~t ruc t ion .~~ 

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 is 
conflicting and confusing. The statement, “back pressure should 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 aircraft “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 I O  feet and that during the 
accident the aircraft only bounced to 5 feet. The primary guidance for crews when 

40 FedEx MD-11 flight manual (AFM), July 1996. page 7-46. Similar texZ can be found also on page 7 -  
100. 
41 Emphasis added. 

This pitch-up tendency was virtually eliminated by re-programrmng Flight Control Computer (FCC) in 
1994. Although t h i s  software change was made prior to July 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 “pitch-up” from other pilots. 

42 

See explanation in Maintenance, Section 3.2 of this submittal. 43 
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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 technique is to relax 
the back pressure to lower the nose (approximately l°) prior to main gear 
tauehdown. 40 

The FedEx :MD-II "Flight Instructor Guide" portion ofthe "Tail Strike Awareness 
Training" handout dated lune, 1996, stated: 

At 30 feet a smooth 2.5 degree flare should be initiated sa as to arrive 
below 10 feet in the landin~ attitude. Back pressure should then be 
relaxed until touchdoWR. ] 

The MD-11 has had a pronounced pilch-up tendency during spoiler deployment after 
landing42 The net result is that when under 10 feet during land ing, MD-II pilots have 
become much more concerned with any pitch up, as opposed to any pitch down. 

WhiJe the published FedEx AFM taił strike and bounce recovery techniques may not lead 
to problems, same pilats on the line have made it a habit to lower the pitch attitude by a 
few degrees prior to touehdown to insure no tail strike. The danger of decreasing pitch 
attitude prior to touehdown has never been highlighted by any instruction. 43 

The differences between the FedEx AFM and the guidance contained from the Tail Strike 
Avoidance Training publication as well as that ofsome ofthe MD-l l instructors is 
conflicting and confusing. The statement, "back pressure should be relaxed unti! 
touchdown," ean be especially misleading. 

With the exeeption ofthose pilots that may have engineering backgrounds, most pilots 
are not aware of. nor have they been trained to understand. what forces develop when an 
aireraft is pitched forward prior to touchdown. MD-II pilats have been trained to' 

l Hold the piteh attitude constant or reduee the piteh 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 aircraft "out 

of' any sink rate that is higher than desired rather than modify the pitch attitude. 

Note that the critica/ time is when the aircraft is under 10 feet and thaJ during the 
accident the aircraft on/y bounced to 5 feet The primary guidance for crews when 

40 FedEx MD-I ł flighl manuał (AFM), July 1996, page 7-46. SimUar tex1 can be found aJso on page 7-
100. 
41 Emphasis added. 
42 This pilch-up tendency was virtually eliminated by re-programming Flighl Control Compuler (FCC) in 
1994. AJthough Ihis software change was made prior to July 1997, the polential for pitch-up was and is 
still a concem among most MD-I ł pilols. Those pilols who have received initial MD-I) training after (his 
software change still inheril a deep respect of Ihe "pilch-up" from other pilols. 
4J See explanation in Maintenance, Seclion 3.2 ofth.is submittal. 
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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 characteristics of the aircraft they operate. 

0 FPA asserts such training should be a mandatory part of pilot training. 

0 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. 

0 Pilots develop flying techniques over many years. The MD-11 requires aircraft- 
specific handling techniques to recover from an unusual situation (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 pilot will revert to the 
techniques developed over many years rather than those aircraft specific 
techniques that are only applicable to 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 or  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-I 1. 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- 1 1 
experience in attendance at these meetings. 

It 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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0 FPA requests a detailed study be conducted of all MD-1 I operators worldwide 
for differences in training and handling procedures for the aircraft and their 
history of landing accidentdincidents. 

4.8 Human Performance Summarv 

1. 

2. 

3.  

4. 

5 .  

6 .  

7. 

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

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

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

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. 

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

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

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. There is 
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 fkelage was damaged in a manner that 
rendered the main cabin doors unusable (unable to be opened).44 

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. 

The main cabin doors move upward into the fuselage when opened. Due to the deformation of the 44 

upward fuselage it was impossible 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 initial 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 14.4’ 

Similarly, the first of the two previous FedEx landing accidents for N61 IFE, occurring 
on 01/04/94, had an initial bounce, followed by a pitch forward onto the nose gear.46 

Martinair did have an accident involving a DC-10-3047 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 is 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. More 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 later 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.48 

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. 

~ 

45 See Appendix XI1 for the sumnary of these accidents. 

except for that which is included in Appendix IV. 
47 The DC-10-30 in this accident has a landing gear design virtually identical to the MD-11, 

FPA has not been able to obtain any NTSB reports or otlier more detailed information for this accident, 46 

Specifically, these components are the upper and lower spar caps and spar web. 48 

23 

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 al50 had some striking similarities to 
the FedEx 14 accident, including a hounce and pitch forward after the initiallanding. 
The second touchdown on that accident was on all three wheels - had it beeo on one 
main landing gear, the end resułt might have heeo very similar to FedEx 14 45 

Similarly, the first ofthe two previous FedEx landing accidents for N61IFE, occurring 
on 01104/94, had an initial haunce, folIowed by a pitch forward onto the nose gear.46 

Martinair did have an accident invołving a DC_IO_3047 in Faro Portugał severał 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 is not available. 

7.0 Accident Investigation 

The field investigation portion ofthe investigation lasted only 5 days. At the time ofthe 
field investigation most ofthe emphasis was on the right main landing gear. FPA did not 
learn until very recent1y that the tirst failure was probably the right wing rear spar web, 
therefore, the NTSB and the parties placed very little emphasis on the study ofthose 
components. More importantly, these components were released prematurely. The 
NTSB gave permission to move maDy these parts in order to alJow the Newark 
Airport Port Authority to elean 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. Stilllater 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.48 

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

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

45 See Append.ix XII for the sUffilnaJ)' of these accidenls. 
46 FP A has not becn able to obtain any NTSB reporls or otiJer more detailed infonnation for !his accident 
excepl for that which is included in Appendix IV. 
47 Thc DC-IO-30 in this accident has a landing gear design virtuaIly identicaJ to the MD-II. 
4S Specifically, these components are the lIpper and lower spar caps and spar web. 

23 



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 autothrottles? If they are turned off prior to flare, does 
that explain American’s unusually good safety record in landings for the MD- 1 1 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 impossible 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. 

2. 

3.  

4. 

5 .  

6 .  

7. 

Criteria for Hard Landing Inspections may not be adequate to provide complete 
inspections of all critical parts of the aircraft. 
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 (N61 IFE) are unknown. 
Critical parts of the accident aircraft wreckage were released and destroyed and not 
available to complete the investigation. 
The FARs for the certification of landing gear testing for air carrier aircraft do not 
take into consideration side load during landing. 
Although the amount of force the main landing gear strut absorbed was considered in 
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. 
The number 1 Thrust Reverser was inoperative and was secured according to the 
Minimum Equipment List (MEL). 
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. 
1 1. The flightcrew did not fblly 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- 1 1 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 accidendincident records. 

17. FedEx pilots were required to use the autothrottle during all landings, even when 
controlling the aircrafl 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. 

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

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 (SI: 
The Probable Cause (s) of this accident were: 

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

2. 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. 

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

4. The failure of the right wing rear spar web. 

11.1 Contributinp Factors 

1. 

2. 

3 .  

4. 
5 .  

6 .  

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 right 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 

It is recommended that: 

1. 

2. 
3. 

4. 

5 .  

6. 

7. 

8. 

9. 

the FAA conduct a Critical Design Review of the certification of the MD-I 1, 
including the strength of the wings and landing gear. 
the FAA and the manufacturer review the Hard Landing Inspection criteria. 
the FAA conduct an examination of FAR 25 and related documents to 
determine if current regulation is adequate to ensure safe structural design. 
Particular attention should be given to landing gear and related structure 
design load limits with an emphasis of anticipated loads during landing in 
strong and gusty crosswinds and variable pilot technique. 
the FAA and operators of the aircraft review the landing techniques for the 
MD- 1 1 aircraft. An Aerospace Industries Association Steering Committee 
consisting of representatives from the pilot unions, the manufacturer, ATA, 
and IATA operating the MD-I 1 aircraft should review and develop landing 
procedures to prevent fiture landing accidents in this model aircraft. 
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. 
The FAA consider the use of a Heads-Up Display/Guidance system to 
increase pilot situational awareness during landing. 
airlines should re-emphasize training in landing performance and raise 
awareness of the forces that can result from various landing techniques. 
FedEx continue a more aggressive training regime in the areas of landing 
performance data, aerodynamic effects during landing and landing gear design 
load limitations. 
FAA mandate Flight Data Recorders that will record control yoke position. 
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12.0 Recommendations 

1t is recomrnended that: 

I. the FAA canduct a Critical Design Review ofthe certification ofthe MD-II, 
inc1uding the strength ofthe wings and landing gear. 

2. the F AA and the manufacturer review the Hard Landing Inspection criteria. 
3. the FAA canduct an examination ofFAR 25 and related documents to 

determine if current regulation is adequate to ensure safe structural design. 
Particular attention should be given 10 landing geaT and related structure 
design load Iirnits with an emphasis of anticipated loads during landing in 
strong and gusty crosswinds and variabJe pilot technique. 

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

s. the F AA and other industry groups conduet research to detennine what level 
of initial and continuing training should be required for aircraft with type­
specific landing/tlying techniques to ensure that pilots operating such aircraft 
do not revert to techniques applicable to more "generic" aircraft. 

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

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

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

9. F AA mandate Flight Data Recorders that will record control yoke position. 
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Special Output Considerations 

FLASHING VAPP 
A flashing V ~ p p  signifies that winds for at least one 
runway exceed either crosswind or tailwind opera- 
tional limits. Out-of-Wind-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 
landing distances use the wind component 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 VREF + 5 and touching down at 
1500 feet at VREF - 3 KIAS. and deploying ground 
spoilers immediately after touchdown. 

1 

RUNWAY LG" 
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 glideslope length (+lo00 
feet). 

~ 

MIX 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. 

MEDBRKG 
Medium braking on a dry runway assumes a con- 
stant deceleration rate and the same deceleration 
components as minimum braking apply. Medium 
braking distances on a wet runway assume no 
reverse thrust. 

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

MINIMUM QUICK TURNAROUND 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 "6' is shown next to 
the affected runway and a note appears in the lower 
portion of the screen stating "B-Reqd Block Time 
(Min): 45." 

Function Menu 
The function menu for this screen contains 

I Input Screen 
Returns the user to the lnflight Landing Perfor- 
mance Input screen. 

Q Quit 
Quits the current module and returns to the Mod- 
ule Menu. 

X Exit 
Terminates the program and returns to the Con- 
figuration Menu. 

MAXBRKG 
Maximum braking assumes a constant deceleration 
level achieved with full anti-skid braking without the 
use of thrust reversers. 
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Special Output Considerations 

FLASHING VAPP 
A flashing V APP signifies that winds for at least one 
runway exceed either crosswind or tailwind opera­
tional limits. Out-of-Wind-Ljmrts 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 
landing distances use the wind component limits 
shown on the sereen. 

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 VREF + 5 and touching down at 
1500 feet at VREF - 3 KlAS. and deploying ground 
spoilers immediately after touchdown. 

RUNWAY LENGTH 

The shorter ot 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 glideslope length (+1000 
taet). 

MIN BRKG 

Minimum Braking assumes a constant deceleration 
rate. If this rate js aehieved through aerodynamie 
braking and reverse thrust. little or no braking 
occurs. It thrust reversers are not used, more brak­
ing is required to achieve this rate. 

ME!> BRKG 

Medium braking on a dry runway assumes a con­
stant deceleration rate and the same deceleration 
components as minimum braking apply. Medium 
braking distances on a wet runway assume no 
reverse thrusL 

IO\X BRKG 

Maximum braking assumes a constant deceleration 
level aehieved with fuli anti-skid braking without the 
use ot thrust reversers. 

5-0-24 

BRAKING ACTION REQUIREMENT 
When a runway is otherthan dry and the erosswind 
tor that runway exeeeds 10 Kts., a note will appear 
in the bottom right portion ot the sereen stating 
-Reqd Braking Action: FAIR- meaning that reported 
braking should be fair or better. 

MINIMUM QUICK TURNAROUND TIME 
When a speeific combination of OAT. Pressure 
Altitiude, Winds and Runway Slope is eneountered 
for a given runway, the MO-" 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 ot the sereen stating -B-Reqd Block Time 
(Min): 45." 

Function Menu 
The function menu for this sereen contains 

Input Sereen 
• Relums the user lo Ihe Inflight Landing Perfor­

mance Inpul sereen. 

Q Ouit 
• Cuits the current module and retums to the Mod­

ule Menu. 

x Exit 
• Terminates the program and retums to the Con­

figuration Menu. 
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MDI I FLIGHT MANUAL OPERAllONS, mAINING, & EVALUAnON 
Federal Express 

GENERAL PROCEDURES (9.0.0) 

DESCRIPTION 
General procedures are applicable to all phases of 
flight. 

(3.1 .a) If the autopilot disengages while a force is 
applied to the control wheel or column, 
there will be a rapid, commanded change 
in some of the control surface positions. 
This will result In an abrupt and unpredict- 
able aircraft response. Additionally, the pi- 
lot should not attempt to disconnect the 
autopilot while applylng a control force. If 

curs, the pilot must smoothly stabilize the 

PROCEDURE (32.0) 

Altlmeter Procedures (32.1) 

Refer to Chapter 2 of the Flight Operations Manual for an imdvefien' a uu.v~,,v. -1 h - n i l m t  disconnect oc- 
altimeter procedures. 

Altltude Verification 
aircraft atbitude, releasing the flight con- 
trols, if necessary, until the aircraft motion (32.2) 

Autopilot engaged: dampens out. 

The PF sets the new altitude in the FCP. The PNF Autospoilers (3.2.5) 
verifies that the correct altitude is set in the FCP 
and states the new altitude clearance (Le. "350"). If 
v e ~ a l  verification is not received from the PNF, the 

Autospoilers, if available, will be armed for takeoff and 
stop landing* 

PF points to the FCP. If verbal verification is still not 
received. the PF commands 'Confirm Attitude." 

Autopilot not engaged: 

The PNF sets the new altitude in the FCP. The PF 
verifies that the correct altitude is set in the FCP 
and states the new altitude clearance (Le. "31 0"). If 
verbal verification is not received from the PF, the 
PNF points to the FCP. If verbal verification is still 
not rccoived, tho PNF commands "Confirm Alti- 
tude." 

Autothrottles (3.2.6) 

AutPthrottlesJf available, are recommended for,all - et, at the discietirotr ~f the cab- 
tafrr, ma-on of tnsthrattfes is authorized. 

NOTE 

Unlike the autopilot, autothrottles may be 
overridden while engaged. 

FCP Operation (32.7) 

Autobrakes All FCP system inputs must be visually verified on the 
FMA and/or ND. (32.3) 

Autobrakes, if available. will be armed for takeoff. Autopilot engaged: 

All FCP inputs should be made by the Pf. Autopilot (3.2.4) 

Applying force to the control wheel or col- 
umn while the autopilot is still engeged 
has Fosulted in autopilot discannects and 
subsequent abrupt aircraft maneuvers. Pi- 
lots have over-controlled the aircraft while 
trying to return to stabilized level flight. 
me pilot should never apply force to the 
control wheel or column while the autopi- 
lot is engaged. If the pilot is not satisfied 
with the autopilot performance, or is un- 
sura that it is operating correctly. it should 
be immediately disconnected by using 
one of the autopilot disconnect switches. 

Autopilot not engaged: 

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

GENERALPROCEOURES (3..0.01 

DESCRIPTION 

Goneral procedures ara applicable to aU phasos of 
flight. 

PROCEDUR E (32.<l) 

AUlmeter Proc:edures (3.2_1) 

Aafer to Chapter 2 ot the Aight Operations Manual for 
altimeter procedures. 

Ałtłtude VerlfłCłltłon (32.2) 

Autopilot engaged: 

The PF seta the new altitude in the Fep, The PNF 
verifies that the corrcct aJtitude is set in 1he Fe? 
and states the new altitude ctear8nce (i.e. ''350''). Ił 
verbal veriflcation is not received fram the PNF. the 
PF pOints to the Fep, Ił verbal verlflcation Is stłll not 
received. the PF commands uConfirm Ahitude." 

Autopilot not engaged: 

The PNF sets the new aJtltude in the Fep. Tha PF 
verities that the correcł altltuda is set In the Fep 
and slates tha naw altituda cisarance (i.e. ~31 O"). If 
verbal veritication is not recaived frem ths PF, the 
PNF points lo the FCP. Ił verbal verificalion is stil! 
not rccoived, the PNF commands "Confirm AIłi­
tude." 

Aułobrekes (32.3) 

Autobrakes, ił avsilable. will be armed for takeoff. 

Autopilot 

WARNING I 
Applylng force to the controi wheel or col­
umn whlłe !he autopilot Is stil! engBged 
hU rosulted In autopilot dlsconnects and 
subsequant abrupt airemtt maneuVGrs. Pi­
Iots have oV6N,ontrolled the aircraft while 
łfying to return to stabitized levet flight. 
The pilot should never apply force to the 
control wheel OT coIum" wnUe the autopi­
lot js engaged. ił the pilot is not satisfied 
with the autopilot performance. ar is un­
sure Ihat ił is operating correctly, il should 
be immediately disconnecłed by using 
one of the autopilot disconnect switches. 

13.2.4} 

II the autopilot disengages whilo a foree Is 
applled to the contro! wheel or co!umn, 
them will be a rapid. commanded chBnge 
in 60me 01 tha control suńace posłtlons. 
This will rasult In an abrupt and unpredict­
able aircraft response. Additionally, the pi­
lot should not attempl to disconnecl the 
autopilot while appłylng a controi Jorce. Ił 
an lnadvartant ć:utopilo1 disconnect oc­
curs, the pilot muSI smoothly stabllize the 
aircraft attitude. rele8sing the If!ght eon· 
trols, Ił necessary, until the aircraft mełłon 
dampens out. 

Autoapollora (3.2.5) 

Autospoilers, ił available, will be armad for takeoff and 
fuli stop landing. 

(3.2.6) 

AutothrotHes...if.available, ara recommended for-ali 
pl s at1IIQI!!:.łIaWer. at the d1sc:fet1óIT Of1!i9 cap-
tafrri manuaTmanrpur&lfon of'tI'lłJthrotttes is authorizod •. 

NOTE 

Unlike the autopilot, autothrott!es may be 
overridden while engaged. 

FCP Operatlon (32.7) 

Ali FCP system inputs must be visually verified on the 
FMA and/ar NO. 

Autopilot cngaged: 

Ali FCP inputs should be made by !he PF. 

Autopilot not engaged: 

Ali FCP inpuls should be made by the PNF with the 
exception ot the AUTOFLIGHT tile. 
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mm MDI I FLIGHT MANUAL 
h d m l  Express 

LANDING 

NORMAL MANEUVERS 

(1 -0.0) 

DESCRIPTION (1 .la) 

The objective of this section is to provide procedures 
and techniques wed to accomplish a normal landing. 

The best landings am a result of well executed ap- 
proaches. Flaps 35" or 50" are the noma1 landing con- 
figurations. Flaps 35" is recommended for crosswinds 
greater than 15 knots (when the landing distance is not 
critical), potential windshear, and noise abatement con- 
siderations. Flaps 60 may be apptopriabwith taitWinda 

flaps will decrease the approach dedcane by one de- 
gee and landing distance by up to SOU. A lower deck 
angle aids pilot acquisition of visual landing cues in low 
visibility. The aircraft must be flown in a controlled, sta- 
biked manner through touchdown and rollout. Pitch at- 
titude and thrust are keys to a good landing. 

mNnrrplss,1pu.weibRi)y 4w--s, 
m a r g i n a l m m -  .Landingwith5ot 

PROCEDURE (1 2.0) 

Normal Landing (12 .1 )  

Ahn to touch down 1500 from the funway threshold. 
The runway Uvwhold should disappear under the noLe 
a! about the same time CAWS announces " l ~ . "  Main- 
tain a stabilized flight path through the 50 and 40- 
CAW callarts (unless sink rate is high). At 90' a 
smooth 2.6 degree ffm should be initiated so as to ar- 
rhre below 10' in the landing attitude. Do not trim in the 
h. Elevator back pressure should be relaxed, and a 
constant pitch attihrde should be maintained from 10' 
radio altitude to touchdown. 

The autothrottles switch to the retard mode at 50' RA. 
In the retard mode, the throttles move to idk at a pre- 
programmed rate without regard to airspeed, vertical 
velocity. or RA, The PF must maintain the appropriate 
glide path to touchdown. If a deviation occurs from that 
glide path, the PF must override the autothrottles to 
p m n t  retmi. 

. 

NOTES 

During a visual approach the main landing 
gear should cross the runway threshold at 
approximately 50' above the TCH. Do not 
deviate from the visual glidepath in an at- 
tempt to touchdown shorter than normal. 

Excessive sink rates. and subsequent tail- 
strikes, have occurred as the result of an 
earty flare and "feeling" for the runway. 

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

At main wheel touchdown the autospoilers partially de- 
ploy. Counter any pitch-up tendency associated with 
spoiler extension. f ly the nose wheel smoothly to the 
runway. Avoid futl elevator down input If selected, au- 
tobraking will begin shortly after spoiler deployment. 
When the nosewheel is lowered to the tunway, the 
spoilers will fully deploy. After main gear touchdown re- 
verse all three engines as soon as possible. A rnornen- 
tary pause will be encountered at the interlock stop, 
Engine #2 will provide only idle thrust until nosewheel 
strut compression. At 80 knots, smoothly move the re- 
verse thrust levers toward the reverse idle detent, so as 
to be at idle forward thrust by 60 knots. Do not delay 
lowering the nosewheel to the runway. 

NOTE 

Fast movement out of reverse will pro- 
duce a sudden surge of forward thrust that 
will negate m e  of the airplane's stop- 
ping ability. 

The PNF monitors spoiler deployment and manually 
deploys the spoiters if necessary. During landing and 
reversing the PNF monitors the engine instruments and 
calls out "80/60 knots." When applicable, the captain 
normally initiates transfer of control from the F/O after 
the "60 knots" callout. 

1 WARNING 1 

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

High Sink RaWBounca Recovery (1 2.2) 

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

If a high bounce occurs, a low-level go-around should 
be initiated. Low-level go-arounds are dramatically dif- 
ferent than normal go-arounds. During low-level go- 
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LANDING (1.0.0) 

DESCRIPTION 
1he objective ol trns section ts lo provida procaduros 
and techniques used to sccompllsh a normallanding. 

The beatlandlngs ./e • ...- ol well .""""ted Ił]>­
proat.:bes. Aaps 35'" ar 50"' at8 the norrnaJ łanding eon­
flgurations. F'taps 35·ls mcommended for Ct'08Swinds 
gn!8Ierlhan 15 knołs (włl.n ",elandingcli __ is no! 
entIcaJ), potentiałWind6hear, and ttOise abatement con­
_ ,ono. FlIpO 50 rnay bellPfllllP'l8l8-!aiIWIndIr, 
cad&if • ...,~_J i;I_~, anct 
margtnol APLC lluldlly __ : Landing _ 50' 

ftIIpa Wig dec_1I1e ~ _ongta by ""'" de­
groG and _g diSlBnce by up to 6OIT. A !Ower dock 
angle aids piot acquisititm mvl"uwl_1Ig cu .. in lew 
viBlbi'lity. The aifcmft must be flawn m a oantroUed. 5tH­
_ manner-..gh touchdown and rollout Plk:h at­
_. and 1n_"" ke)fS to a geod landlog. 

PROCEDURE 

Narmal LandIng (u. II 
AIm to __ • '500from Iherunway _.Id. 
lbG rurM&ytl""'''Cldshouk! dlsappeerunder1he n_ 
at_ut !he same IimBGAW5 _ "too"."_ 
Iain a _zad ftlgbt p.th thRIIJgh!he 50 end 4OfoQt 
CAW8 _ (_ sink_ te high). At 30' a 
llmtlCl4h 2.5 dagI8e Ilare ohDUk! b. Inl_ /10 .. to .r­
n... lRIIow 10"Inthe lendlnglll1i1ud •• 00 __ I. !he 
flara, EłevatDr back preMUr& shoutd be flIłued, and a 
.. _ pIk:h'- ohouk! bo -"od!mm 10' _oItiWd. to_ 

The autothrottłeS swłlCh to !he retsrcf mode at Sir RA. 
In !he re1!InI mod9. !he th...- move to Idle at a pro­
prcgrammerl_ wllllout ragan:I to almpeed, ve<ticai 
vełocity. or RA. The PF must matntain tna appropriate 
gida path to touchdown.1ł a cfGviat10n 0CC&Jr$ trem that 
gllde path. lOe PF muSI override I,ha auto1hrCttIes 10 
p""""" .. tanl. 

NOTES 

During a _, approaCh 111& _n l_ing 
goorshDUkl ...... 1h."'nwaythra.holólń 
~ 50' _!he TCH. 00 no! 
dmńat:e tram the vłSuaJ glldapath In an at~ 
temp! \O Icuch_ shorter than norma!. 

_ive Oink rates. and sutmequenl tall­
stril«uJ, !law OCCUfI8d as the r8Stl1t ot an 
aarty flam and '1aeling" for th9 runWlly. 

30.10"" IIHIII 

łf tne BirP!ane ts flared earlv und the auto­
throtttes ara alJowecl to rebmS. the alt" 
speed wili _Y. """""'" 8UoctMI ..... 
wdlbe reducod. and ahlgborpilch a_ 
wl1l be required making the pilch up tan~ 
dancy attGr touchdown moro pronoonced 
and mors difflcuit to counteract. 

At małn _I Icu_ 'ho autospoilolS ponlolly de­
play. Counter any pI!Ch.up ten-.y associated _ 
spoiler exl<!nsIon. F!y lh. n ... _ smOOlllIy to 1he 
runway. Avold fu" el_tor down lnput If selected. au-
1Il1>",I<1ng wm bogin sho!1ly aft", spOiler de/l1oyment. 
When the flOS9wheel is Iowered to the runway. the 
spoilers wiR fułtydepJoy. Aftermain gear1ot..K.:hdown re­
versa ali three engina U scon as possitde. A motnen­
tary pause wiN be encountłłfBd at lhe int:ertock stop. 
engine #2 wlłl provide only idle thrust umil nosIWf'Wte1 
strut compress.'on. At SO knots, smOO1hty move thD fe" 
veme thrust levers toward the t8Vłłrse ldle cteteot, sa as 
10 bo at idl.lorwMlthrusl by 60 knot •. 00 nO\ deiay 
Iowering the rtO$$Whee1 to the runway. 

HOTE 

Fa&t movęmant out ot rever&e wUl pro­
duCe- 8 sudden IUf'ge ot forwartfthNS1 that 
wiłl "egam sor'I'\9 01 tne airplane·s stop­
ping Obiłby. 

The PNF tnom1ots spoiler deployment and manuałfy 
deploys the spOiłers if necessary. Ouring łandJflg and: 
reveT$ing the PNF monitors'the angino ins:truments and 
calls out "80/60 knots.'" When appłle.abla. the captsin 
nonnally lnitiates tranSfer ot control tom the F/O Btter 
!Ile "60 knot&" caJlO\Jl 

WARNtNG I 
After reV81'SE1 ttlrust is Initiated. a fułJ stop 
"ru:ting must be mada. Do !'lot atternpt a 
QO-af"Ound. 

High Sink Fl:atalBounaa Recovwy {U.2) 

Ił Ii high sink rata. Ot low bounce occurs, ths PF shou(d 
mablish a 71f2'ł pitch attituda Bnd increase 1hrust unfil 
the slnk rate hes been arrested andlor a normał landing 
Is accomplisł1ed. 

Ił Ei high bourice occum, a low-level go-around shoułd 
be łnitlateO. Low-teve1 go-arounds are dramaticaily dlf-
_I \,,"n notma1 go-orounds. 00""9 1 ___ go-
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arounds, main wheel touchdown may be unavoidable. 

ing gear until the aircraft is safely airborne with a posi- 
tive rate of climb. 

ACCEPTABLE PERFORMANCE GUIDE- 
The PF must not exceed 10" of pitch or retract the land- LINES (1.4.0) 

Airspeed - -r-5 knots of the target speed on final. 

Crosswind Lending Touchdown to occur in the touchdown zone. (1.2.3) - 

Touchdown close to or on the centerline. Crosswind landings are accomplished by flying the flnal 
approach in a winns level attitude with a crab into the 
wind. At approximately 200' agl, align the fuselage with 
the runway by smoothly applying rudder and maintain 
runway centerline by lowering the upwind wing. In high 
crosswinds, consideration should be glven to com- 
mencing the align maneuver prior to 200'. The align 
maneuver shall be established by 100' agl. 

NOTES 

Excessive sink rates and subsequent tail- 
strikes have accurred as the result of a 
late or abrupt align 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) (1 2.4) 

Tailstrikes are not caused by landing with a high sink 
ram. Tailstrikes occur as the result of attempting to ar- 
rest a sink rate or bounce by quickly adding significant 
up elevator 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 
MD1 1 '6 alt fuselage MI contact the runway at approxi- 
mately 10 degrees pitEh attitude with the struts corn 
pressed. Additionally, Were is a direct correlation 
between an increasing pitch attitude rate at touchdown 
and an increased pitch up tendency after touchdown. 
One degree per second of increasing pitch attitude rate 
at touchdown generates as much pitch up tendency as 
full spoiler deployment. Therefore, elevator back pres- 
sure should be relaxed and a constant pitch attitude 
should be maintained from 10 RA to touchdown. 

. 

TECHNIQUE (1.3.0) 

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

Example: wetlslippery runways, high crosswinds etc. 

For landing it is recornmended that the PF have the 
ACT F-PLN displayed and the PNF have the TO/APPR 
page displayed on the MCDU. 
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NORMAL MANEUVERS MD11 FLIGHT MANUAL ~. 
arounds, main whee! touchdown may be unavoidable. 
The PF must not eXC8Bd 10° ot pilch or retract the land­
iog gear until the aircraft is safely airborna with a posi­
tive rate ot climb. 

Croaswind LBnding (1.2.3) 

Cro&&wind landings are accomplished by flylng the flnal 
approach in a wings lavel attitude with a crab jnto the 
wind. At approximately 200' agi, ali90 the fuselage with 
the runway by smoothly applying rudder and malntaln 
runway centerline by lowering the upwind wing. In high 
crosswinds, consideration shculd be glven to com­
mencing the allgn maneuver prior to 200', The allg" 
maneuver shall be established by 100' agi. 

NOTES 

Excessive slok rałes and subsequent tail­
strikes have occurred as the resull of a 
lale or abrupt aUgo maneuver. The a1ign 
maneuver has an associated increase in 
drag, and ił unchecked wiłh pOW8r, will re­
suit in an increased sink rata. 

Aft FuseJage Ground Clearilnce (Lsndlng) (1.2.4) 

Tallstrlkes .... not causad by landing wIth a high sink 
_. TaUstrlkes OCC\Ir .. !he resuH ol -.npt1ng to ar· 
rast a sink ratA or bOunce by qulckły adding signłflcant 
up ęłęvątor below lO' RA. Up elevator Inputs wHlload 
the horizontal stab increasing the eHectiveweight 01 Ihe 
aircraft and inmally increasing (he vertical velocity. In· 
creasing the pitch attitude drives the main wheels inlo 
the ground and compresses the mało gear struts.The 
MOlI·. II1Iluselag. wili """,,,et !he runway al approxl­
malały 10 degl1l81 pitch attilude with the atrutB com­
pressed. Additionally, lhera Is a dired correlation 
between an increasing pitch attltude rate at touchdown 
and an Increased pitch up tendency atter touchdown. 
One degree per second of Increasing pitch attitude rate 
at touchdown gsnerates as much pitch up tendency as 
fuli spoiler deployment. Theretore, elevator back pras­
sura should be relaxed and a conslanł pilch attItude 
should be maintained from 10' RA to touchdown. 

TECHNłQUE (1.3.0) 

Consider using max autobrakes for landłng, ił avallable. 
for adverse conditions. 

Example: weVslippory runways, high crosswinds etc. 

For landing it is recommended that the PF have the 
AGT F-PlN displayed and Ihe PNF have Ihe TOtAPPR 
page dlsplayed on the MCOU. 

P'ederal Express 

ACCEPTABLE PERFORMANCE GUIDE· 
LINES l' .4.0) 

• Airspeed • ±5 knots ot the targat speed on final. 

II Touchdown to occur in the fouchdown ~one. 

• T ouchdown c!ose to or on Ihe centerline. 

7-1-6-2 Copyrig~ 1lK18. Fedllnd EląJr8H CorpgJalion. Memphi!l TN 38194. Ali rightB rasarved. 30 June 1998 



k d k  MD-11 FLIGHT MANUAL -- 
PROCEDURE TURN VISUAL APPROACH 

DESCRIPTION 

A procedure turn is specified where it is necessary to 
reverse direction to establish the airplane inbound on an 
intermediate or final 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. 

Unless specified on the approach plate, the point at 
which the procedure turn is started is left to the discretion 
of the pilot. It is recommended that the turn 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 
seconds and a maximum 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 should be selected tothe APP/ 
VOR display and one ND selected to MAP display (1 0 
mile range recommended). 

ACCEPTABLE PERFORMANCE GUIDELINES - PRO- 
CEDURE TURN 

DESCRIPTION 

Complete the descent and approach procedures prior to 
entering the airport traffic area so the flight crew may 
devote their full attention to airplane control and traffic 
avoidance. The FMS and all radio aids shall be used to 
identify the proper runway. Electronic and visual 
glideslopes will be used when available. 

Aircraft should be stabilized in final landing configura- 
tion, on descent flightpath and on speed with appropri- 
ate wind and gust corrections applied to VREF by 1000 
feet AGL. If the 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 aimpoint, to provide a threshold 
clearance height of 47 feet on a 3.0 degree glideslope, 
should be approximately 1700 feet past the threshold. 
This will provide a no-flare touchdown point approxi- 
mately 900 feet from threshold. Aircraft should not 
deviate from visual glidepath in an attempt to touch 
down early. 

The normal two bar VAS1 must not be used below 
500 ft AGL for establishing the approach flight path 
in the MD-11. Following a two bar VAS1 on the 
lower edge of on glideslope, may cause the main 
gear to touch down short of the runway. 

NOTE 
The three bar VAS1 establishes a 3" glideslope 
and a visual aim point about 1,600 ft from the 
threshold. The two sets of bars farthest from the 
threshold are used in the same manner as the two 
bar VASI. Since the glideslope angle 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 VAS1 (i.e., 

Altitude: f 100 ft during the procedure turn. 
Airspeed: +10 Ms of target airspeed, but not less 
than minimum maneuvering speed. 
Proper planning of altitude, airspeed and configura- 
tion prior to the FAF. 
Compliance with ATC instructions. 

COMMON ERRORS - PROCEDURE TURN 
large tolerances, large vertical dimension for on 
glideslope indication, etc.). 

Improper airspeed. 
EarlyAate configuration. 
Failure to maintain visual watch while maintaining 
VMC. able. 

Adjust thrust smoothly in small increments. Large sud- 
den thrust changes are indicative of an unstable ap- 
proach. The use of autothrottles is mandatory, if avail- 
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PROCEDURE TURN 

DESCRIPTION 

A procedure tum is specified where ił is necessary to 
reverse direction toestablish the airplane inbound on an 
intermediate or finał approach course. The approach 
plate will specity the outbound and inbound course, the 
distance within which the procedure tum shall be com­
pleted, the sida of the inbound course on which the turn 
should be made and a minimum altitude to be main­
tained. 

Unless specified on the approach plate, the point at 
which the procedura tum is started is left to the dlscretion 
01 the pilot. It is recommended 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 ot 30 
seconds and a maximum ol 1 minute depending on wind 
conditions. Normally the procedure tum will be acc:om­
plished with 28°/Ext and at minimum maneuvering air­
speed. 

When established on the inbound course ot the proce­
dure tum and cJeared for the approach, the Setore 
Landing Checklistshould be accomp!ished. One MCOU 
should be set to APPR page with the appropriate tlap 
setting se!ected. One NO should beselectedtothe APPI 
VOR display and one NO selected to MAP display (10 
mile range recommended). 

ACCEPT ABLE PERFORMANCE GUIDELlNES-PRO­
CEDURETURN 

• Altitude: ± 100 ft during Ihe procedure tum. 
• Airspeed: +10 kts ot targeł airspeed. bul not less 

than minimum maneuvering speed. 
• Proper ptanning ol altitude. airspeed and configura­

tion prior to the FAF. 
• Compliance with ATC inslructions. 

COM MON ERRORS - PROCEDURE TURN 

• Improper airspeed. 
• Early/late conftguration. 
• Failure lo mainłain visual watch while maintaining 

VMC. 

15 June 1994 

VISUAL APPRQACH 

DESCRIPTION 

Complete the descen! and approach procedures prior to 
entering the airport traffic area so the flight crew may 
devote their tuli aHention to airplane control and traffic 
avoidance. The FMS and all radio aids shall be used lo 
identify the proper runway. Electronic and visual 
glideslopes will be used when available. 

Aircraft should be stabilized in finał landing configura­
tion. on descent flightpath and on speed with appropri­
ate wind and gust corrections applied to VREF by 1000 
feet AGL. If the aircrałt is not stabilized by 500 feet AGl, 
a missed approach should be execuled. Aate of de­
scent should not exceed 1000 feet per minute below 
1000 feet AGL Visual aimpoint, lo provide a threshold 
clearance height of 47 feet on a 3.0 degree glideslope, 
should be approximately 1700 feet past the threshold. 
This wiU provide a no-flare touchdown point approxi­
mateły 900 feet from threshold. Aircraft should not 
deviate trom visual glidepath in an attempt lo louch 
down eany. 

CEE:] 
The normal two bar VASI must not be used below 
sao łt AGL for establishing the approach flight path 
in the MO-11. Following a twa bar VASI on the 
lower edge ot on glideslope, may cause the main 
gear to touch down short of the runway. 

NQIĘ 

The three bar VASI establishes a 3° glideslope 
and a visuał aim point about 1.600 tt trom the 
threshold. The two sets ol bars larthest fram the 
threshold are used in the same manner as the two 
bar VASI. Since the glideslope angle and the 
visual aim point generated by this system are 
compatible with the MO-11, the system may be 
used for guidance during a visual appraach, keep­
ing in mind the generallimitations ol the VASI (i.e., 
large tolerances. large vertical dimension lor on 
glideslope ind/catlon. etc.). 

Adjust thrust smoothly in smali increments. Large sud­
den thrusl changes are indicative ol an unstable ap­
praach. The use ot autothrotttes is mandatory, ił avail­
able. 
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When hand flying in Idle Clamp mode and de- 
scending, the Flight Director Pitch bar is com- 
manding speed based on pitch (Speed an Pitch 
will appear in the Autothrottle window). If the Pllat 
Flying ignores the Pitch Bar commands and slows 
the airplane with a higher attitude position than the 
P k h  Bar is commanding, airspeed will decay 
beiaw the selected speed (white bow tie). Lb. 
speed protection will engage as the airspeed en- 
ters the amber Foot Two ways to prevent this 
action are: 1; Follow P k h  Bar guidance com- 
mands if descending in Idle Clamp (Speed on 
PW) or 2; Descend in Vertical Speed. AVertical 
speed descent engages the Autothrottles in a 
Speed on T h ~ s t  mode of operation. 

Theflightpmfile representstheidealapproach situation. 
Flap and landing gem extension points were selected to 
minimizethrust~angesandcrewworkloadduring final 
approach. The airplane must be stabilized on final 
approach at least 500 R above fieM elevation. 
Multiple apprmches and landings w i H  develop the 
pilot's ability to discern a 25" to 3" glidepath. An up 
slope in either the runway or approach zone creates an 
'above glidepath' illusion and your actual height is lower 
than it appears. Under conditions of haze, smoke, dust, 
glare or darkness, expect to appear higher than you 
actually are. mht mnway-lights appear doser. while 
dim runway limb appear fut¶her away. 'Wider than 
nomral runways c m t e  an HlMion of being lawer than 
you actually are. Be alert for depth perception problem 
ansnowcaveredrunwaysarwhenthecolorMendswHh 
that af the rmmundlng tenaln. The effechp of illusions 
can be minimized by VeMyhg the approaoh glidepath 
with cockpit instnrmentation, crosschecks with other 
crewmembers and, most important, knowledge and 
awareness of the special problems associated with 
these approadws. Abnormal or emergency conditions 
fwqdring landings at d h e r  than flaps 3Sa/5Oo Will rescllt 
inothefttrannonnalp)tch~desforag'~glidcrslope 
angle. 

Al@anedeckangle, mteofci€smntandthruetrequi~ 
can be used along with exterior visual c~to882Bb)/sh 
or verify a correct final appr0;rCh visual glidepath. A 
typical rate of descent for a 3" viewal gjlIMepath Is about 
760 ft per minute (no wind). Remember that rate of 
descent is a function of ground speed and ghkkpath 
angle. Multipiymg the grwd speed by five will result in 
the required rate of descent for a 3" glidepath. Multiply- 
ing each mile from Ute end d the runway by 300 feet will 
resun in the required atwude above the TDZE. 
A flat appro& (below 2.5" visual glidepath angle) is 
indicated by an increase in thrust required, lower rate of 
descent than normal and a higher deck angk A steep 
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approach (ebave 3 6 O  visual glidepath angle) is ind- 

cated by a lower thrust setting, higher than normed rate 
of descent and a lower deckangle. These cues are only 
true for stable conditions (thrust, body attitude and 
alrspeed steady). 

FLARE 

&Mht"Hbsshwld beusedforlandtngsandarillbegin 
toretwdafterpassing50feetAGL. Aslightflmshould 
be inttiated betwsen SO and 40 feet ( a p p m t e t y  2"). 
Do not trim stabilizer during flare. Aircraft sholdd touch 
down in touchdown zone. This technique will result m a 
touchdown slightly below VREF. Do not hold aircraft off 
in an attempt to achieve a smooth landing. Holding 
aircraft off to achieve a a m t h  landing may result in a 
long touchdown, unusually heavy braking, a higher pitch 
attitude and reduced tall clearance. 

NotE 
Below 10 feet with the aircraft fully flared (sink rate 
approximately 2 4  feet pet second), the bash 
technique is to maintain * d e  by applying the 
required contra1 &eel pressures. A more ac) 
vanad technique is to relax the badc pressurea 
lower the nose (approximately lo) prkr to main 
geartouchdown. 

The aft fuselage will contact runway at approxi- 
mately 10' pitch attitude With StNtS compressed. 

TOUCHDOWN 

After touchdown, The PNF wiN monitor ground spoiler 
deployment and be prepared to manually deploy the 
spoilors if necessary. The PF should be pmpered to 
counter any pitch-up tendency as spoilers extend. Fty 
nosewheel to runway, and if ground spoilers do not ful!y 
deploy upon mewheel touchdown, manually deptoy 
spoilers. P*M-up tendency is mom pronounced et aft 
CQ. U s e  of autobrakes will help counter any pitch-up 
tend-. 

ROUOUT 

As nosewheel is lowend to the runway, deploy revers 
em on all three engines Jmultanewdy. A momentary 
pause will be encountwed at interlock stop on engines 
1 and 3, and me revenso thrust may be selected to 
desired level. Engine 2 will provide only idk reverse 
t h ~ ~ t  until nosewheel strut rompmsian. For normal 
landing, at 80 KIAS, smoothly move revem thrust 
kvms toward r evme  idle detent. so a6 to be at reverso 
idle by 60 KIAS. 

I 
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t:=:::J 
When hand ftying in Idla Clamp moda and de­
scendlng, the FHght Diractor Pitch bar Is com­
manding speed based on pltch (Speed on Pilch 
will appear in the AutothroWa włndow). If the Pilot 
Aying ignorasthe PitCh Barcommands and słowa 
the airplane with a higher attitude posllion !hen the 
Płtch Bar is commanding, alrspeed will decay 
bełow 1he sełaCłBd speed (whłte bow tie). Lo­
speed protection will engage as the airspoed en­
tars tha amber Foot. Twa ways to prevent 1h1s 
action are: 1; FoUow Pnch Bar guidance com­
mands ił descendlng in Idla Clamp (Spead on 
Płtch) Dr 2; Oescend In Vartical Spesd. A Vertical 
Speed descent engages the Autothrott&es in a 
SpałKI on Tłuust mode ot cporation. 

Tha flight profile represents the ideal approach situa1lon. 
Flap and landing gear extension points were selected to 
rmnimlze thrust changes and Cf8wworX Ioad during final 
approach. The Birplane musi be stabilizod on flnal 
approach al łeasł 50D ft above field elevatton. 
Mułtipłe approach8& and landings wiH develop the 
pilota ability to discem a 2.5'" to 3" glldepath. An up 
alope in either the runway or approach zona creates en 
-aboveglidepa1h· illueion and your actuaI helght ls lower 
than ił appears. Under condnions ot haza, smoka. dusi. 
glare ar dartmess, expect to appear higher than you 
actuBlly &re. BrighI runway'hgh1o ""paar cIoaer. while 
dim runway ffghla _ I\JJIIlIIr away, . Wlder 1I1on 
normahunwayB' cl88te an mU&łoil of belng &owar than 
you actualJy ani. Be alert f.rcloptl\ perception problamo 
onsnowcoveredrunwaysorwhenthecolortMendawłtl 
that ot the surroundlng tenaJn. The effacts of muBłons 
can be mlnimized by verifying !ha approaoh gUdllpath 
with cockpit in$trumentatlon. crosschecks włth othar 
crewmembers and. most important. knowłedge and 
awareness ot the specłał prcl:llems associat8d włth 
these approaches. AbnormaJ or emergency condltlons 
rvqułring _ings at othIIr1han flaps 35°/50° wii resułt 
motł\erthannonnaJpłtchaHiludeaforagiYengDdeslope 

angle. 

AlrplanBdeck angle. rate ol _tandthrUolraqulrad 
can be uoed Blongwilh_r_ C\leSto_1Ish 
ar vori1y a correct finał apprvach vtsual gJidepath. A 
typlcat rato ol _ for B 3° viauaJ glldapa!h la a_t 
700 ft per minuta (no wind). Aemember thaI: rate of 
descenl ts • funcllon ol ground "poeci and glldepath 
BngIe. MuIliPlylng!he ground opeed by fi ... willl88lJlt in 
tha requiręd rata ot descent for a 3° glktepa1h. MuIUpły­
Ulg each mHefrcm theend ot the runwayby 300 faet wiłl 
r&IUIt in the required ałtłlude above the TOZE. 
A tlat lIlIPlOach (beIow 2.5° visusl glid.pa", angIe) ja 

Indicaled by Bn incn>aoe in "'rust I1Iquirad. _ """ 01 
descent than nonnaJ and B high.r deck angIa. A steep 
app!OOCh (aIxMt 3.5° _ glldepath angte) /s indj. 

7-46 

cated by a lowar thrust setting, higher than normaI rate 
of dssCClntand a lower deckangle. Thasacuesaraonly 
we for słable conditions (thrust, body attitude and 
alrepaed steady). 

FLARE 

__ should be uaad tortandlnga and will bogin 
to ra1llld alter paaalng 50 _AGL. A .UghtflllfB shouId 
be InlllalBd betwean 3D and 4D , ... (spproxilllal8ly 2'). 
Do not tńm stabIliZer dUMg fiale. Aircratt shot*i toucł\ 
down in touchdawn zona_ This technique will resułl in a 
touchdown slightlybalow VREF. Oonot hold aircraftoff 
In an attampt to achleve a smooth landJng. Holding 
aJrcraft off to achieve a amooth landing may raBUSI: in a 
longtouchdown, unusually hsavy braking. a highar płtch 
ałtłtude and reduced taU cfeantncs. 

tlQIE 
Below 1 O faet with the aimraft fully flared (Słnk rata 
approxłmately 2-4 feet per second), the basłc 
technique ts to mBinte.in attituda by appłying the 
required control ..mea1 pressures. A mora .ó­
vanced technique is to mm the back pressure łD 
łower tha nasG (apprmdrnately , 0) prior to main 
goer touchdawn. 

The aft fuselage wili contact runway al appl'Olti­
mately 10- pitCh attItuds wiłh struls comprassBd, 

TOUCHDOWN 

Aftar tDuchdawn , The PNF wiM monitor ground spollar 
deployment and be preparsd to manually dcploy 1hs I 
spoiler& ił nacessll1'Y. The PF should be ptGpared to 
counter any pitch-up tendency as spollem extanct. Fty 
nosewheel to runway, and ił ground spoilersdo not łulły 
d8pIoy upan nosewheel touchdown, manua!1y deplov 
spollers. PiIch·up łendency is more pronounced at aft 
CO. Use ot autobrakes will hetp counter any pHch-up 
tendoncy. 

ROLLOUT 

Aa nosewheel la loweJed lo the runway, dsploy reY8ra­
era on all tnree enginBS simultansouSły. A momentary 
pause will be encountarad at Interiock stop on anginas 
1 and 3, and tna nwersa tnrust mar be sslacted to 
deslred level. Engłna 2 will provide cnly icle reY8łS8 
ttłfUst untll nosawheeł struł compression. For normal 
landing. at 80 KlAS. smoothly movo reV8tał ttuust 
Iavars toward reverse idle detent. so as to ba at I'8Y8l'Se 
idlo by 60 KlAS. 
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M B s r s e S s  
LANDIN- 

IANDlNG FLAP SETnNG 

Normal tanding flap settings may be flaps 35" or 50" 
depending upon conditions. 

One or more af the following condiins might cause 
flaps 50" to became me preferred landing flap mtthg. 

Shortrunway. 

Tailwind. 

Contaminated runway. 

Early turn off or shortening landing roll. 

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

SELECTION OF FLAPS 50' 

Precision Normally after 35" and below flaps 50" 
limit speed. 

Non-Precision FVM to FAF except if distance from fM 

flaps 3Se until visual contact with the 
runway and in a position to intercept a 
normal descant profile. In any case, 
the airplane, should be in the final 
configuration prior to descent below 
MOA. 

- to runway is unusuaUy long, maintain 

v i a l  No later than 1000 ft. above TDZE. 

FINAL APPROACH CONDITION ANDTOUCHDOWN 

The dersired visual final appI'ORch condition consists of a 
30 glide path and the airspeed at V ~ p p .  Audoanrottfas 
should be u8Bd for all Iandiigs. The autothromes wlll 
beginln reterd after passing Sofeet AFLand wiR mtwd 
at a Unear rata forabdegree glide palhwithoutair8peed. 
verticalspeedorradioeftihrdebias.C~eha# 
be given to bowing powsr on if a mnmat flare is not 
established. 
I 

V ~ p p  is adjusted for wind effects. Target approach 
speed is V ~ p p  for landing in reported winds up to 10 kts 
steady state. When landing in higher wind conditions, 
add 1/2 the steady heactwind component plus the full 
V d U e  Of tho WSt to VREF. The tOtd additive should n d  - excwd2OktS. 

am essential to a good landmg. For normad Wfng 
amfigurations. the descent rate will be 650 to 800 ft per 
minute. Thepibdrattitudeie5"fortheMp11mtho 
flaps aet at 95". mid CG, on a 2.5* glideslope at vwp. 
In the hypauretlcal case, if the ahplane is flmdtohe 
zero rats ofdesumtwfth &thrust and aspeed of 125 
Vscdtarc)ldm,tttspioch~wpUbel~. H w ,  
with atypical lowrateof~attwchdarm,thepM 
atfitudewiff nannallybeBotoSJo. Lmdingwitha5oOflap 
aedngwill decreasethe pitehattilude appwxfmabbl), la 
in dl cases. This body angle creates a relatively high 
eye level poslon in relation tothe landing gear. Forthe 
iranshioning pilot this frequently makes him want to 
lower the airplane's no88 (duck under) when going VfR 
from an instrument approach or when approaching the 
threshold. The aiming point is 1,500 ft to 1,800 R down 
the runway (4Oto 60 ft threshold clearance) in contrast 
tothe 1 ,OOO ft point used on smaller airplanes. The radlo 
attimeter is a good gufde to assist in determining the 
correct position for crossing h e  threshold. The radio 
altimeter is biased toaccurately indicatethe helghtofthe 
lowest part afthe main wheels above the terrain. Radio 
altimeter calls are very valuable as an aid in debmining 
wheel height to touchdown. When seated In the pmper 
seat position the threshold should disappear under the 
nose at 75 ff radlo altitude. At any time the radio attihrde 
is obsenred to be 75 fi or less, and the approach end of 
the runwayisstit1 insight, theairplaneisdengeroudylow 
and corrective action should be immediately taken. One 
of the most important f e r n  which may lead to gmmd 
contactwithttreta.lishddhrgoffintheflarewllichallows 
the airplane to float prior to touchdown. Do not try td 
amst high sink rates with pitch alone. A9&g& flare 
(spprajdmadely 2 degrees) should be inttiabed between 
30 and 40 feet tadlo altitude to mluce the sink rate, 
Trknrningthe stabfllzerorleavlngthe poweron2trmugh- 
out the flare wlll contribute toflarlng too late. fWing too 
early or abruptly will cause floating in ground effect 
which rapidly uses the runway. If speed is excessive, it 
is still better to set the airplane onto the runway as near 
the 1,500 ft point as possible rather than allawing it to 
bat in order to bleed On airspeed. Deceleration on the 
runway is about 3 times greaterthan in the air. At 10 feet 
radio a W e  -the badc pressore wr the yoke to 
lowerthe rima (apprpodmately 1 degtee) priarto mab, 
geertouchdarm. On touchdown. It is i m p o w t  to lower 
the nosewheel tothe runway and hdd a positive forward 
pressure to counteract nost! up pitching tendencies. 
When this is done, the wingangle of attack is decreased, 
resulting in minimum lift, which places more weight on 
the main gear sooner. This not only increase6 rdling 
friction but increases braking effectiveness as well. This 
procedure is five times more effective in decelerating the 
airplane than that achieved from holding the nosewheel 
off. Do not use aerodynamic braking. 

I 

I 

Eady stabilization of airspeed, power and descent rate 
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LANDING PBOCEQUBES 

LANDING FLAP SETTING 

NormaJ łanding ftap aetting& may be ftaps 35° or 50" 
depending upon conditions. 

One or mora ot thB folIowing conditions might cau&a 
fJaps 50" to become the preferred landing nap setlfng. 

• Short runway. 

• Tailwind. 

• Contamlnated runway. 

• Earty tum ołf Dr shartenlng landing roll. 

• High landing gross weight associat&d włłh sny of 
the abova items. 

SELECTION OF FLAPS 50' 

Precision Normally aftar 35° and belowflap9 50" 
lim" speed. 

Non-Precision Prtor to FAF except Ił distance from flX 
to runway Is unusuałły long, małntałn 
ftaps 35° untłl visual contact włth the 
runway and in a posi1lon to Intercepł 8 
normal de$Cenł profile. In any casa. 
ths airplane, should ba in \he final 
configuration pFior lo d9SC9nt bmw 
MOA. 

VisuaI No latar than 1000 ft. above TDZE. 

FlNALAPPROACH CONDmON ANDTOUCHOOWN 

The dB8ired vłsual finał approach condltłon conslsts 01 a 
3" glide path and tha ajnspeed at V APp. ~ 

I 
sI10uId ba UIOd for aIIlandingro. Tha OUIIIIhrot1l .. wilI 
baglnto __ 'pauing 5O_AFLlllClwII_ 
alaUnear_fora3dagJaeglidapalh_~. 
_~orradlD_bIas.Coo_,_ 

ba giwn to "-lIg _ on ff a normal liano la not 
-..cI. 

V APP is adjusted f D' wind _cis. Target ap_h 
speed is V APP forlancfing in reportedwinds upto 10 kła 
steady stałe. When landing in higher wind condlUons, 
add 1/2 Che steady headwind eomponant plus the fuli 
valuo of the gust to VREF. The tata! additiv'a should not 
_20kIs. 

EarIy slabilizalion ol a1rspeed. pawe, and doscent rate 
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&re essentłaJ to a geod łanding. For norma! łandłng 
configurations, the doscent rata wilf ba 650 to 800 ft par 
minuta. Tha pitch aUitud8 il61l farthe ~11 wtIh 1he 
ftaps _ at 3!r'. mkS CG. on. 2.51l glidaslope at V/ł,Pp. 
In the hypalhallcal CIIIIO. W !he aI!p1ana Is ftlll8d to the 
zero rate ol d_ włIh ItIatlllUIII and a apeed ol 1.25 
VSettouclld-..tlIopilcll_wllbe10". U_. 
wiIh. typicaIloWrateof_etlouchdcMn. thepitoh 
_wiRnannallybe8·to8". Landlngwtlha5O"1IIIp 
EIIIng wiR rloaeesathe pIIohalllluda opproxlnlllłaly l' 
in aD cases. This body angIa creates a relatively high 
eye lavel posmon In rełaUon 1011'\& landłng gear. Forthe 
transłtioning pilot ttri& ft8quenlly makes hlm want to 
lawartha airpłans's nosa (duckundar) when going VFR 
from an instrument approach or when approaching the 
threshold. Tha aiming point is 1,500 fl to 1,800 fi down 
the runway (40 10 60 ft thf8shcłd cłearance) in oontrast 
tothe 1 .000 fl pOint used on smaller alrplanes. The radio 
aJtimetar is a geod guide to essist In determłnlng the 
corract posffion for cmssing the threshołd. The radio 
ałtimeter lEi biased ta accuratsły indicatethe hełghtof the 
10000st part ot the main wheels above the terrain. Radio 
altimeter caJls areveryvaluabłe as an aid in det&łlnłning 
wheel halght to touchdown. When seated In the proper 
seat position !he threshotd should disappear under the 
no&e at 75 ft radio ałtltude. At sny time the radio ałUiuda 
is Observad to be 75 łt Dr lass, and the approach eild of 
!he runway is stlll in sight. the eitplane is dangerousły low 
andcorrectJveactionshould be immediatelytaken. One 
oł'lhe most Importantfactcrs which may lead to ground 
cantael wIth !ho 1aI11a hcldlng aff In tli. flar. whiahallawS I 
1he airptana to fłoat prior to toucłtdown. DO not try. 'łO 
arreat high sini< ra1e& włIh pitDh alone. A i!iitit_ 
(apprwdmately 2degraas) should ba WII!iaIad beIw_ 
30 and 40 "'ot radio altltude to _ fhe _ rafii; 

Trfmmlngthe stablllzerorleavfnglhe poweron1hrough-
out the flare wili contrtbute to ftarlng too late. Flartng too 
sarly or abruptJy will causa floating in ground eftect 
whic;;h rapidry US86 the runway. If speed is exC8ssłYe. it 
is stil! better to settha airpJane anto the runway as near 
the 1_500 ft point as posslble rather than allowing ił to 
fłoat łn order to bleed o1ł alrspeed. OeceIeration on the I· 
runwayisabout3t1mesgreatarthaninthaair. At10faet 
radio ałUtuda ntłax tha back pRł8SUrłł on tłHt yoka to 
1aWe, \he n_ (opplOlli"-ly 1 degnIo) prtarto """" 
geartouchdawn. OntouchClOwn_1t is lmportant to towar 
łhe nosewheel tothe runwayandhold a positiveforward 
pressure to counteract nose up pltchlng tendancles. 
Whenthisisdone. thewlngangleof attackłs datreased, 
raaułting in minimum Dft, which places mora welght on 
the main gear SODnar. This not only increases rołling 
fl1ct1on but increases braldng effectiveness as WBIł. Thls 
procedura Is fivetimas moro enectiVe in decelerating the 
a1rplane than tiuli achieved tram hołding Ihe nos8wheel 
oH. 00 not use aaroclynamic braking. 

31 July 1996 
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Be prepared to counter any pitch-up tendency as spoil- 
ersextend. Pitch-up tendency is mare pronounced at aft 

I CG and/or airspeeds below VREF minus three knots. ' Auto brake6 and maximum reverse thrust (without delay 
as soon as interlocks release and prior to nosewheel 

1 touchdown) will help counter any pitch-up tendency. 
~ me aft fuselage will contact the runway at eppmxi- 

mately 10 degrees pitch altitude wlth struts compressed. 
Excessive pitch angles combined with slow airspeeds 
(in excess of three knots below VREF at touchdown) 
Wile attempting to obtain a smooth touchdown by 
holding the airplane off the runway increases the risk of 
a tail strike. If the airplane should bounce, establish a 
71M degree pitch attitude and add thrust as neceSSary 
to counter the rate of descent. Do not increase pitch 
attitude to hold the airplane off the runway. If a high 

REVERSE THRUST 

Reverse thrust is most effective at higher roll out speeds 
and becomes less effective as the speed Is reduced. 
Upon maingeartouchdown, the Pfshould immediately 
position dl three reversers to idle reverse. The PNF will 
observe the Reverser Unlock lights (3amber) illuminate 
followed by the Reverse Thrust lights (3 green). 

While'flying the nose gear to the ground, the PF should 
maintalnaconstantpressureonNo. 1 andNo.3rwente 
levers 80 that reverse thrust on these engines can be 
smoothly applied when the interlock mlecrss~. Do not 
cydethelevers. As the nose geartwchesdownandthe 
squat swttch Is depressed, the pilot should then reah 
fornard and bring the No, 2 reverser back to match No. 
1 and No. 3 if required. 

After reaching 80 kts, the pltot shouM dowly move the 
reversers to the idle position. Remember that fast 
mementoutof revwsewlll produceasuddensurgeof 
forward thrust that will negate some of the airplane 
stoppingabiMy. Finally all lights (green and amber EAD 
rev~rse Indicators) should be out upon reaching 60 kts 
to prevent reingestion, FOD damage and campressor 
stalts. 

Excessive forward thrust will regult when a fan 
reverser is inoperative ii the thrust lever is actu- 
ated. To prevent this occurrence, maintenance 
procedures dictate a posfthre (ocklng of the cockpit 
reverse lever. 

Reduce mvem thmst slowly so as to be at 
reverse idle when the revem levem are stowed. 

me PNF will cdl out: '8Q/60 knots' 

During landing and reversing the PNF will monitor re- 
verse and call out by engines number; 

. Anyenginethatdaesn0tdisplay"RRI"ontheEAD. 
Engines that fail to spool. 
N1 RPM in excess of G/A limit. 
Excessive EGT rise. 

ADVERSE BRAKING OPERATION 

There aretwo ways that a perfectly functioning anti-Wd 
system can be defeated on a wet or icy runway resulting 
in locked wheels and a loss af directional control. 

The first is due to the requirement for the wheels to spin- 
up on touchdown before the anti-skid is activated. tf this 
spin-up does not occur, when the pilot applies brake 
pressure the anti-skid logic will let the brakes be set as 
if at the gate. 
The second is similar but occurs during the landing roll. 
If, during the release phase of the anti-skid cycle. the 
frtction is not enough to accelerate the wheel there will 
come a point when the wheel speed is slow enough to 
all~theanti~kidlogictosetthebrakesasifatthegate, 
even though the airplane is still traveling at a medium 
speed. 

This can be felt as a feeiing of aderat ion when 
applying the brake& To overnome thb condition the 
brakes should be completely relewed momentarily In 
order to allow the wheels to spin-up to the proper speed. 

31 July lSg6 7-1 01 
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Be prepared to counter any pftch-up tendency as spo!ł­
ersextend. Pitch-Up tendency is mora pronounced at aft 
CG and/or airspeeds below VREF minus three knots. 
Auto brakes and maximum reversathrust (wlthoutdełay 
as soon as interłocks ralease and prior to nosawheel 
touchdown) will help counler sny Pltch-up tendency. 
The aft fusełage wili contact the runway at approxi­
malały 1 O degrees pilch attitude włth struts compressed. 
EXC9ssive pilch angles combinecl with słow alrspeeds 
(In excess of three knots below VREF at touchdown) 
while attempting to obtain a smooth touchdown by 
holding the airplane oH the runway Increases the rlsk 01 
a taił strike. 11 the airplane should bounce. establISh a 
71/2 degras pilch attitude and add thrust as necessary 
to CQumer the rate of desc&nt. Do not ;ncrGIi.SQ pilch 
attitude to hołd the airplane oft the runway. II a high 
bounce occurs, jnitiata a go-around. 

REVERSE THRUST 

Reverse thrust 1s most effactive at higher roll outspeeds 
and becomes less effectłve as the speed la reduced. 
Upon maingeartouchdown. the PF shouJd immediateły 
position all three r&verser& to idle reV8TSe. Tha PNF Yt'ill 
observe the ReverserUnlock lights (3amber) ilJuminate 
IoIlowed by the RevelSG Thrust lights (3 graen). 

While flyIng !he nosa gear to !he ground, !ha PF should 
maJntaln aconstantpressurecn No. "andNo. 3 reversa 
levers -80 1I1at ravel"Se 1hrust on #1888 englnes can be 
smoothly applied when the IntarloCk raleases. Do not 
cycłethełevers. Asthenosegeartoudtesdownandthe 
aquat awłtCłl ts depnJS!led. the p1łot ahotdd then readl 
torward and bring tha No. 2 reveraer backto msIch No. 
1 and No. 3 ił requirad. 

Aftar reachlng 80 kts. the pitol should slowIy movs the 
reversers to the Idla posltlon. Remember that fast 
movamentoutotrevar5ewlll produceasuddansurgeof 
torward ttlrust that will "agata some ot the alrplane 
stopplngabillty. Finally a1llights(graen andamberEAD 
reve1'S8 Indicators) should be out upon reaching 60 ktB 
to prevent raingestłon. FOD damaga and compressor 
stafłs. 

~:l 
Excesslve łorwerd thruat will reault whan a fan 
reversar Is Inoperativo ił tne thrust laver is Betu­
sted. To prevent thls occurrence. maintenance 
procedures dlctate B posłtłve łockłng ofthe cockpłt 
rever&e ławr. 

31 July 1998 

~ 
RaCfuco reV8JS8 łhrust slOWly sa as to be at 
reV8fBB idle when the reverse levefS ara stowed. 

The PNF wili caU out: -80160 knots-

During landing and Ilłwrsing the PNF will monitor re­
verse and cali out by engines number. 

• Anyenglnethatdoesnotdisplay~REV" ontheEAD. 
• Englnes that faJ1 to spool. 
• N, RPM in excess of GlA limit. 
• EXC8SSłva EGT ńse. 

ADVERSE BRAKING OP~RATlON 

There are twa ways that a perfectly funct:ioning anti-skld 
systemcan bedafealBdon a wator icy runway resultlng 
in locked wheels and a łoss of directional control. 

Thełm isduetothe requiremant forthGwh8els to spin­
up on touchdown before the anti-skid is actłvBted. H thls 
spin-up does not occur, when the pilot appłies brake 
pressure !he anti·skid logtc will lat the brakes be set as 
ił at tho galB. 
The second is simiłar buł occurs during lhe landing roll. 
It. durłng the ml88Be phase ot !he anti·skid cyciD. the 
frtctlon Is not enough to accelerate the wheel thera will 
come a point when the wheel speed is slow enough to 
a1IOW!ha anti-skid IOgicto set !he brakesas łf at the gale. 
evan thopgh the alrplall9 la still travsling at a medium 
speed. 

Thls can ba fen es a teełłng oł acceIeratłon when 
applying!he b_o To ove_ .... condlUon!he 
brakas ahould be compłete!y reteased momentarlly In 
ordertD aHowthewheels tospin·uptothe properspeed. 

7-101 



me Mb-li FLIGHT MANUAL -- 
CROSSWIND LANMNG, DRY RUNWAY SPOILERS 

The recommended mothod for a crosswind landing is to 
fly the final approach in a wings level attitude with acrab 
into the wind. When approximately 200 ft above the 
runway, align me fuselage with the runway using the 
rudder and lowering the upwind wing. Use only enough 
cl~ss control to stop tho drift. Avoid holding the Sirplane 
off during landing; low angles of attack during landing 
prwide positive lateral control. The MD-11 ha8 ampb 
bank angle dsarance during the aossWind landing 
maneuver. However, excessive banking of the airplan0 
in dose proximity to tho grwnd, depending on flap 
setting, bank angle and pitch anltude. can result in wing 
flp contact. 

Theforwatddipmmewerrecommendedwouldrequire 
(worst example) a maximum bank angle of e. Thls 
pFarides a comfartabie margin for rrmeumiw and 
gust pmtecaion. After touchdown, meintein d m n a l  
contml with rudder and keep the w i q s  level with ailer- 
OM. me landing gearhail area geometry d the MD-11 
muses a marked tendency for the airplane to weather- 
cock in a ems$ wind (takeoff or landing). This weather 
cocking tendency should be anticipated and corrected 
immediately with the rudder while decelernng to taxi 
speed or until me nose wheel steering and wheel brak- 
ing become effective. 

-EIpIz 
For crosswinds components in excess of 15 knots, 
flaps 35 is recommended unless runway s u m  
conditions or length dictate the use of flaps 60. 

Observe the spoiler handle moves aft upon main gear 
tipin-up. 

tf armed, auto-spolers will deploy on landfng or mj8ctet.f 
takeoff to d m e  lift Activate auto-brakes and allow 
optimum braking efficiency. During a mjeCtCd takeoff. if 
the reject is Initiated Wow 100 knots, the spoilers will 
dew upon appltcation of reverse thrust. If the takeaff 
is mjected above 100 knots, retarding any two throttles 
to idle win d e w y  the spoilers. During landing with flaps 
in the landing range, the spoilers will deploy to about 2/ 
3 ground spoilers and then deploy fully at nose touch- 
down. During landings with less than landing flaps the 
spoilers will deploy at nom gear touchdown. 

NOTE 
If the spoiler handle does not move to the full aft 
position (ground spoiler), the PNF will llft the 
handle up snd pull it aft to the Ground Spoiler 
position. 1; the handle does not latch m the full aft 
pasition, the PNF will hold it aft. 

REJECTED LANDING 

The rejected landing procedum is identical to the g e  
around procedure. Ratate to go-around attihrde (ap 
proximately 20" initially. then adjust attitude to maintain 
V ~ p p  + S mS). Apply go-around thnrst and select naps 
28". Gear retraction will not be initlad until such time 
LLS a positive rate of climb has been verified and called 
byeithar pilot. Follow standard missed approach proce- 
d W .  

Da not ettempt a go-araund after reverse thrust 
has been initiated. Failure of a thrust m8rser to 
mtum to the fonnrard t h ~ s t  position may prevent 8 
successful gwmund. 

7-1 02 1 September 1995 
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CROSSWINO L.ANDłNG, DRY RUNWAY 

The recommendad mDthcd foracrosswind łanding is to 
fły tha tinał appmach in a wings łeveI attłluda wilh a crab 
ioto the wind. When approximateJy 200 ft above the 
runway, aligo tnę fuselage _ !he runwey using 1118 
rudder and IOwering tna upwind wing. U .. anly """"ljh 
cross control to smp łho drllt Avoid holding !he akpłans 
off dur/ng landingj law ang[86 ot attack durin; landing 
provide posIUve 1."'raI corIf1OI. The MO-11 ha& ample 
bank angta ctoarance during the crosswind landing 
maneuver. However. excessłve banking oflhe airplane 
in close plOlCimily lo !ho ground, depanding on llap 
satting, bank angłe and pitch atłłtude. can msuJt in wlng 
tlp contact. 

ThafDrwanlsllpll1lll1łllMlfleCOllllnendadwouldreąuira 
<_ example) a lI1IIXin'&Im bank angIa ol 11". Thls 
provfdes a comfortable margin for maneuvering end 
gust prObn.'1ion. Ałter tDuchdown. mainbdn dinlcttonaJ 
contral wHh ruddor and keep !he "inga leval wfth de, .. 
ans. The landlng gea:rJlaiI area geometty cf tha "0-11 
cau8DS a marksd tendency fOr tha airplane to weather­
cock in a crou wind (takeofł Ot "nding). This weather 
cocking tendancy should be anticip4ted and correctad 
immadiately wlth the rudder while deceleratlng to taxi 
spasd ar unltl the nose whael steering and whe:BI brak­
ing bacome eHecliVe. 

NQIE 
ForcrOSSWlncSscomponentsinexcessol15knots. 
napa 35 la roccmmended unłDss runway sul1ace 
c:onditions ar longth dldale the ule ot laps 60. 

7-102 

SPOILERS 

Obsewe the spoiłar handle moves aft upon main gaar 
spin-up. 

łf armad. auto-spottars will deplOy on landIng ar ręjected 
takeaff to decrease lift. Activate auło-brakes and allow 
optimum braJdng etficiency. During a relected takeoff. łf 
the rejeet Is Inłtfated below 100 knots. the spoilers will 
dapłoy upon applłcation ol reversa thrust. Ił tha takeoff 
is mjectaCl above 100 knots. rełarding any two throttles 
to idSe win deploy the spoiters. Durłng landing wllh flaps 
in the landing ranga, the spoilars will daptoy to ahout 2J 
3 ground spolłors and then dapłoy łully at nose touch­
dawn. Ouńng landings with less than lanmng naps the 
apoiłers will daploy at nosa gesr touchdown. 

JmIE 
" the spoiler handle does not mav. to the fuli aft 
poaition (ground spoiler), the PNF Wllł 11ft Ihe 
hBndle up and pull ił aft to 1ha Gmund Spatlar 
position. Ił !he handle does not łatch in tha fuli aft 
position, the PNF wili hołd it aft. 

REJEC'TEO LANDING 

lhe rejacted landing procedura is identi:ca.1 to the go­
around procedura. Rotata to go-around atlilude (ap­
proximateły 2D" inltlally. then Bdjust attitude to maintain 
VAPP + 5 kts). APPly g"",,IOund IhruSl and .elect napo 
28". Gear ratraction wiU .not be lnłUBlBd until soch tima 
as a posltlve rate of cfimb has bean verified and called 
by ełther pilOl Follow standard missed approach proce­
duteS. 

~::J 
00 not attempt a go-araund aftar reverse ttuust 
has bean initiated. Failure of a thrust reverser to 
return to the torward thrust position mBV prevent a 
successful go-around. 

1 Sep1emb8r 1995 
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ONE ENGINE INOPERATIVE APPROACH 

If making a one engine inoperative approach, it is 
essential thatthe airspeedand profile bestabiiiedearly 
in theapproach to minimize thrustchanges. "FIBp528°m. 
"Gear Down', "Before Landing CheckliW. 'Flaps 35"' 
should be called 5nm prior to the FAF . As the flaps are 
lowered, the airspeed should be decreased so ihat the 
proper approach speed is reached at or soon after 
glideslope interception. If a wing engine is inoperative, 
thrustispeed changes will require rudderlrudder trlm 
changes and should be anticipated to obtain best air- 
plane and AFS performance. If the center engine is 
Inoperative, thrust changes will require elevator inputs 
andlor stabilizer trim changes. 

Unding with one engine lnoperathte Is the same as a 
normal landing, except that V ~ p p  + 5 ( V~=+10 ) IS 
maintained after extension of flaps to 35". Reverse the 
operative engines With discretion. 

ACCEPTABLE PERFORMANCE GUIDELINES - 
LANDJNG 

+ Airspeed: f 5 KlAS of target speed on final. 

Touchdown to occur in tho touchdown zone. 

. Touchdown close to or on the centerline. 

I 

COMMON ERRORS - LANDING 

EarlyAate flare. 

Paor throttle contml. 

Poor brake usage. 

Improper use of revem thrust (excesstve, not 
enough or none at all). 

Failure to f ly  the nose gear to the ground smoothly. 

Airplane nol in trim. 

15 November 1994 
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ONE ENGINE INOPERAnvE APPROACH 

Ił makłng a one angina Inoperative approach, it ts 
essential that the airspeed and profile beatabiłlzedearly 
in !he approach to minimize thrust changes. -FIaps 28"· • 
"Gear Down", "Before Land1ng Checklisr. ·Flaps 35°­
shou!d becaJled Snm priorto the FAF. AsthGflaps8re 
lowered, the airBp98d shoułd be decrsased 50 that the 
proper approach speed is mached at ar soon ałtar 
glideslope interception. If a wing angina is lnoperative. 
thrusVspeed changes will raqulre rudder/rudder trlm 
changes and should be anticipated to obtaln bes1 air­
piane and AFS performance. If the center angina 16 
lnoperative, thrust changes will require elevator InpulS 
and/or stabilizer trim changes. 

Landlng"With one anglne Inopera1ive ts the sama as a 
normallandlng. except that VAPP + 5 (VREF+10 ) Ja 
maintainecł aftar extensłon of flaps to 350

• Reverse thB 
operaHVe engines wtth discretion. 

15 NoYembar 1994 

ACCEPTABLE PERFORMANCE GUIDELlNES • 
LANDING 

• Airspeed: ± 5 KlAS ol target speed on final. 

• Touchcłown to occur in the touchdown zone. 

• Touchdown ciosa to Dr on the centerłln9. 

COMMON ERRORS· LANDING 

• EańyJlate fiare. 

• Poor throtue control. 

• Poor brake usage. 

• Improper use ot reverse thrust (excessłve, not 
enough or none at all). 

• Fałlure to fly!he nosa gsar to the ground smoothly. 

• Ail'$)lane no1 in trlm. 

I 
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The ATS controls to speed targets during approach, 
altitude hold, vertical speed, flight path angle, and profile 
modes of the AFS/FMS system. 

flight Level 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 reference transi- 
tions (IAS/Mach) during climbs and descents as follows: 

If 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). 
If descending and under control of Mach number, 
auto-transition occurs when the existing IAS 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 control target. 

SPEED ENVELOPE LIMITING 

GENERAL 

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

ATS self engagement. 
ATS speed control. 
LSAS speed limiting and stall protection. 
AP/FD automatic pitch mode transitions. 

AUTOMATIC ENGAGEMENT AND SPEED CON- 
TROL 

The ATS (if available but not engaged) will auto engage 
and transition to aspeed on thrust mode when theVMm 
or VM~N limit is about to be (or has been) exceeded. The 
AP/FD (if engaged) reverts to a compatible pitch mode. 
ATS engagement is annunciated by a flashing white A/ 
T OFF on the PFD and HI SPEED (or LO SPEED) 
PROTECTION flashing above the FMA speed window 
as appropriate. 

throttles at full power. LSAS will not auto trim in 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 warning 
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 until actual stickshaker angle-of-at- 
tack. 

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

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

AP/FD 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). 

If the FCP level changekpeed on pitch mode is en- 
gaged, the ATS is off or available, and a VM= or FMS 
VMin speed limit violation occurs the following will hap- 
pen: 

At 5 knots over or underspeed: 
The AP/FD pitch control mode reverts to VIS-FPA 
at existing vertical speedflight path angle. 
ATS engages in speed-on-thrust speed protection 
with a VMin or V M ~  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. 

LSAS SPEED LlMmNG AND STALL PROTECTION 
At 10 knots over or underspeed: 

If the AP is not engaged and the ATS is not available, or 
unable to maintain a safe speed, LSAS speed limiting 
will engage automatically to provide overspeed or stall 
protection. LSAS overspeed limiting is accomplished by 
changing pitch. The target speed that the LSAS chooses 
in high speed protection is variable between Vmo/Mmo, 
for throttles at idle, and VMO/~V~MO plus 6 knots for 

31 October 1997 

The AP/FD pitch control mode reverts to pitch 
speed protection with a VMin or VMax speed target. 
The throttles 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. 
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The ATS conlrols to speed targets during approach, 
aJtitude hald, vertical speed. flighl path angle, and profile 
modes ot the AFS/FMS system. 

Right Level change operation transfers the ATS to thrusl 
control. Speed will then be controlled by the pitch atti­
lude. The speed and thrust control functions are annun· 
ciated on the FMA. 

The ATS provides for automatic speed reference trans!· 
tions (lAS/Mach) during climbs and descents as follows: 
• If climbing and under lAS control, aulo-transition 

occurs when the existing MACH numberequals the 
preselected Mach number (or 26,000 feet ił the 
Mach number was not preselected). 

• Ił descending and under control ot Mach number, 
auto-transition oecurs when the existing lAS equals 
the preselected lAS (ar 26,000 łeet ił lAS was not 
preselected). 

Auto-Iransition is annunciated on the FMA speed widow 
by a change in the control target. 

SPEED ENVELOPE LIMITING 

GENERAL 

The AFS provides fuli flighl regime speed proteclion 
using the łollowing: 
• ATS selł engagement. 
• ATS speed control. 
• LSAS speed limiting and stall protection. 
• AP/FD automatic pilCh mode transitians. 

AUTOMA TlC ENGAGEMENT AND SPEED CON­
TROL 

The ATS (ił available but not engaged) will auto engage 
and transition to aspeed on thrust modewhen the VMAX 
orVMIN limitisaboultobe (orhas been)exceeded. The 
AP/FD (ił engaged) reverts lo a compatible pilch mode, 
ATS engagement is annunciated by a f1ashing white AJ 
T OFF on Ihe PFD and HI SPEED (or LO SPEED) 
PROTECT10N flashing above the FMA speed window 
as appropriate. 

LSAS SPEED LlMmNG AND ST AU PROTECTION 

Ił the AP is notengaged and Ihe ATS is not available, ar 
unable to maintain a safe speed, LSAS speed !imiting 
will engage aulomatically lo provide overspeed or stall 
protection. LSAS overspeed limiling is accomplished by 
changing pilCh. The targetspeedlhatthe LSAS chooses 
in high speed protection is variable between Vmo/Mmo, 
for throttles at idle, and VMofMMO plus 6 knots for 
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throttles at fuli power. LSAS will not auto trim in 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 (Pll on the PFD tums amber). Stick· 
shaker warning is 75 to 85 percent actual stickshaker 
angle-ol-attack depending on flap setting. 

If windshear command guidance is on, LSAS stall pro­
tection is delayed until actual stickshaker angle-ol-at­
tacko 

After the angłe-of-attack is reduced be!ow stickshaker 
waming, LSAS stall protection is discontinued and ATS 
speed control to FMS VMIN is resumed. 

The pilot may counteract the LSAS overspeed er stall 
protection by pushing on the control column wilh force to 
defeat the LSAS elevator inputs. This force is approxi­
mateły 50 pounds. If the pilot releases the control 
column force rapidly, LSAS will dampen the resulting 
elevator instability. For further information refer to the 
Flight Controls chapter. 

AP!FD SPEEO MOOE REVERSIONS 

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

II the FCP level change/speed on pilch mode is en­
gaged, the ATS is off or available, and a VMax or FMS 
VMin speed limit violation occurs the following will hap­
pen: 

At 5 knots over or underspeed: 
• The AP/FD pitch control mode reverts lo V/S-FPA 

at existing vertical speed/flight path angle. 
• ATS engages in speed-on-thrust speed protection 

with a VMin ar VMax speed target. 
• The FMA flashes THRUST and VIS ar FPA fwe 

limes before becoming steady. 
• The FMA flashes HI SPEED PROTECTION ar LO 

SPEED PROTECTION. 

At 10 knots over or underspeed: 
• The AP/FD pitch controi mode reverts to pitch 

speed protection with a VMin ar VMax speed target. 
• The throttles areclamped attheir existing positions. 
• The FMA flashes PITCH łive times before becom­

ing steady. 
• The FMA flashes HI SPEED PROTECTION or LO 

SPEED PROTECTION. 
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LONGITUDINAL TRIM 

GENERAL 

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

The stabilizer is actuated by two hydraulic motors pow- 
ered independently by hydraulic systems 1 and 3. Hy- 
draulic system 2 will provide backup hydraulic 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 NRMP if fluid level is low in the compensator. 

Four modes of operation are available as follows: 
Autotrim (longitudinal stability augmentation sys- 
tem (LSAS)). 
Autotrim (autopilot). 
Manual trim (switches). 
Manual trim (LONG TRIM handles). 

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

LSAS AUTOTRIM 

When LSAS is engaged in pitch attitude hold (force on 
column less than 2 pounds), the automatic pitch trim will 
move the horizontal stabilizer to trim out steady state 
elevator commands. The FCC operates 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 turns off. 

in the commanded direction and disengage the autopilot 
from any engaged mode (except DUAL or SINGLE 
LAND). 

MANUAL TRIM (HANDLES) 

Override 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 
SYSTEM (LSAS) 

The LSAS enhances longitudinal stability and provides: 
Pitch attitude hold. 
Pitch attitude limiting. 
Pitch rate dampening. 
Automatic pitch trim. 
LSAS speed protection. 
LSAS stall protection 

LSAS is off when autopilot is engaged or below 100 feet 
AGL. 

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

The LSAS holds pitch attitude by deflecting the elevators 
up to 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 less than 10 degrees of dive 
or less than 30 degrees of climb. Whenever there is 
more 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. 

MANUAL TRIM (SWITCHES) 

Full-time actuation of both trim motors is available to the 
pilot through use of the manual trim switches on both 
control wheels. These switches will move the stabilizer 

LSAS also 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 
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LONGITUOINAL TRIM 

GENERAL 

longitudinal trim is provided by a two-speed, hydrauli­
caiły powered, adjustable stabilizer. 

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

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

A compensator with a lew fluid level switch will automati­
caUy shut aft hydraulic flaw fram hydraulic system 2 to 
the 2-' NRMP ił fluid level js law in the compensator. 

Faur mades ot operation are available as follows: 
• Autotrim (Iongitudinal stability augmentatian sys-

tem (LSAS». 
• Autotrim (autopilot). 
• Manual trim (switches). 
• Manual trim (LONG TRIM handles). 

To accomplish smooth and appropriate longitudinal !rim 
rates for all lligh! canditions, two trim rates are provided 
for each mode of operation. The rate change occurs at 
250 knots airspeed ar 33,000 feet. 

LSAS AUTOTRIM 

When LSAS is engaged in pitch attitude hold (force on 
column less than 2 pounds), the automatic pitch trim will 
move the horizontal stabilizer to trim out steady state 
elevator commands. The FCC operates one trim motor 
in this mode. Rate (high ar law) js based on altitude and 
airspeed. 

AUTOPILOT AUTOTRJM 

When !he autopilot is engaged, the autotrim tunction will 
controi the stabilizerbased on average elevator position 
offsets, rather than using elevator eommands as in 
LSAS. When the AFS OVRD switeh on the Fep is 
pushed to OFF, AP automatic pitch trim tums oH. 

MANUAL TRIM (SWITCHES) 

Full-lime aetuation ot both trim motors Is available to !he 
pilot through use of the manual trim switches on both 
control wheels. These switches will mave the stabilizer 
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in Ihe commanded direction and disengage the autopilot 
tram any engaged mode (except DUAL ar SINGLE 
LAND). 

MANUAL TRIM (HANOLES) 

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

The LONG TRIM handles remajn stalionary when the 
controI wheel switches operate trim. Use ot these 
handles will disconnect the autopilot trom anyengaged 
mode (except DUAL or SINGLE LAND). 

LONGITUDINAL STABILITY AUGMENTATION 
SYSTEM (LSASl 

The LSAS enhances longitudinal stability and provides: 
• Pitch attitude hold. 
• Pitch attitude limiting. 
• Pilch rate dampening. 
• Automatic pitch Irim. 
• LSAS speed protection. 
• LSAS stall protection 

LSAS is off when autopilot is engaged or below 100 feet 
AGL. 

With no lorce on the control column and bank angle oi 
less than 30 degrees, the LSAS holds the currenl pitch 
attitude. II the pilot manually changes pitch attilude and 
then removes contrq column input, the aireraft will hold 
the new pilch attitude. 

!he LSAS holds pilch attitude bydeflecting the elevators 
up to 5 degrees. The stabilizer is automatically adjusted 
to relieve sustained elevator deflection and maintain a 
fuli 5 degrees ol elevator authority. The LSAS also 
maintains pitch attitude to less than 10 degrees of dive 
ar less than 30 degrees of climb. Whenever there is 
more than approxima!ely 2 pounds ol lorce on the 
control column, LSAS is inoperative. Once lhe pilot 
applies about 4 pounds ot controi column lorce, Ihe 
elevators respond to the pilot's commands. 

Stabilizer position will appear on the system dis play 
(SD) when lhe configuration page is selected with the 
CONF1G cue switch. 

LSAS aiso provides speed and stall protection. 

Eaeh ol the twa FCCs contains twa redundant LSAS 
controI channels. Each ol the separate LSAS channełs 
centrols one of the tour hydrauJic actuators at the eleva­
tors. If lewer than four ol the LSAS channels are 
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AFS CONTROL PANEL 

FLAPUM~SELECTORandFU\PUMrrMANUALUGHT- 
amber 
The FLAP LIMIT selector is used to manually ovenide the 
auto mode of the flap limiter. In the AUTO position, the Rap 
limiter will automatically retract the thps if the airspeed 
exceeds limits for flap settings between 22 and 50 degrees. 

In the OM(D 1 or 2 position, automatic fiap limiting is by- 
passed- 

The FLAP UMFT MANUAL Sght  will illuminate amber when 
both flap liiterchannetsfail orwhen the FLAP UMlTselector 
is in OVRD 1 or 2 

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

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 BAS or YAW DAMP switch when OFF is 
illuminated will engage the respective control channel if it is 
not failed. 

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

I 

I 

ELEVFEELSELECTOWMANUALUGHT-amber 
The ELEV FEEL selector allows manual slewing of the 
elevator load feel (ELF) when ampeed is between 120 and 
300 knots. 

WrEh the selector in AUTO, the ELF is varied autoddly to 
conespondwithairspeed. 

The MANUAL HI or LO positions allow slewing of the ELF to 
a tugher or lower airspeed. The airspeed will be rhsphyed on 
the amfiguration page of the SD. 

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

I 
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AFS CONTROl PANEL 

Fl.AP UMIT 5ELECTOR and Fl.AP UMITMANUALUGHT • 
ambe< 
The FL.AP UMIT selector is used to manually ovemde the 
auto mode of the fIap r.miter. In the AUTO position, the ftap 
limiter wiłl automatically retract the ftaps if the airspeed 
exceed:s limits for ftap settings between 22 and 50 degrees. 

In the OVRO 1 or 2 position, automatic nap Umiting is by­
passed. 

The FLAP UMfT MANUAL Iight wtU iUuminate amber when 
both ftap limiterchannełs fail orwhen!he RAP UMfT seledor 
is in OVRO 1 or2. 

LSAS SWrrCHES AND YAW DAMP SWITCHES· amber 
When an LSAS or YA W DAM? swil:ch is pushed the re­
spective centrol channel will shut aft and OFF will iIIuminate 
amber. 

Pushing an LSAS or YAW DAM? switch when OFF is 
illuminated will engage the respective centrol channel ił it is 
notfailed. 

Failure ot an LSAS or yaw dampet control channel will 
autcmatically iIIuminate the respective FAILlight amber and 
słlUt off the failed controI channel. 

OVRO 1 er OVRO 2. Ił the aJert remains displayed atter atter 
The RAP UM OISAG alert may be displayed atter sełeding 7 

/ 
ELEV FEEL SELECTOR/MANUAL UGHT - amber 
The ELEV FEEL seIectoł' aUows manuał sIewing of the 
ełevator Ioad feeł (ELF) when airspeed is between 120 and 
3OOknots. 

Wrth the selectot in AUTO. !he B..F is varied automatieally to 
correspond with anpeed. 

The MANUAL HI or LO posiłions aIIow sJewing ol 1he B.F to 
a higher or lawer airspeed. The airspeed will be cispłayed on 
!he configuoaOOn page ol !he SD. 

The ELEV FEEL MANUAL light will iIIuminate amber when 
bolh B..F controI channels failor when the ELEV FEEL 
selector is in MANUAL 
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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 informatiodarticles, 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 
"MANUAUORDERS," or call the 
PSC at (901) 224-6006. 

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

Landing Distance and the APLC 

The analysis of landing data can be thought of in two 
distinct parts. As with everything we do in this technical 
world, first we need to 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 landing data, which is the lnflight Landing Mod- 
ule. 

In planning for landing using the Dispatch Landing 
Module, the landing data is calculated using very spe- 
cific guidelines detailed in the Federal Aviation Regula- 
tions - the FARs. For planning the landing, the FAR'S tell 
us that 

for a given airplane gross weight: 
at a particular altitude and temperature; 
using a touchdown point 100Oi from the threshold, 
max effort braking, autospeed brakes, and no thrust 
reverser; 

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

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 runways cannot be 
lengthened to accommodate any airplane weight, the 
airplane weight must be adjusted during the flight plan- 
ning stage to insure that the expected landing weight is 
allowable on the destination runway. 

The plan is done and once the airplane is dispatched, 
the plan, as they say, is history. It insured we were legal 
to start the flight, but has no bearing on the actual 
landing that will take place. So, the flight takes place 
and the airplane is approaching the destination airport. 
Due to 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 landing, doing it. 

The lnflight Landing Module in the APLC was created to 
provide the crewmembers realistic, meaningful data for 
the upcoming landing they are about to perform. Provid- 
ing inputs of temperature, wind (and gusts, if any), 
altimeter, and estimated actual landing gross weight, 
the APLC will provide a whole page of useful 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 

3) the glide slope length +lo00 ft, also listed on the 

The +lo00 ft added to the glide slope length accounts 
for the length of pavement prior to the glide slope 
beacon based on coming over the threshold at 50 ft on 
a 3 degree glide slope. 
For example: if we 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 lesser of these three is 7400'. 
This is the number listed in the APLC. 

page; 

runway data page. 
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Please, lei us hear trom YOUl! To 
provide an easy way lo recelve 
your comments, requesls for 
specific Information/articles, you 
may send an e-mail lo: SrA 

Ił you are missing sny pages or 
revisions for your publications, e­
mail requests to PUBLICA1l0N 
SUPPORT CENTERJCUSTOMER 
REaUEST using Bullelin Board 
"MANUALJOROERS," or cali Ihe 
PSC at (901) 224-6006. 

(Editor's Note: Perlcl1'lJSnce EnginHrif1g has been 
asklKito contribute a monthIy artlcle on items ot genertu 
/nt.rest. Thi$ month's offering deser/bes landing dis­
tances. CcmmeniS and suggestlcns for ftJture articles 
may be • ."",iIed lO SIA.i 

Landing Dlatance and tbe APLC 

The anałysis ot landing data can be thought of In two 
dislinct part$. As with everything we do in thls łechnieal 
worid. 11m we naed to pJan it. tnen do Ił. The same can 
be sald for landing,. Flrst we look at the planning data, 
using the Oispatch La.nding Module; then we Iook atthe 
acIIIallandlng data. which Is lhe Infllgh! I.andlng Mod· 
ule. 

In plannlng for landing uslng the Dispatch Landing 
Module. the łandlog data is eaiculated using very epa· 
cifie guidelines (jetalrect in the Federat Aviation Regula~ 
tions~th&FAA$. Forplanningthelanding, the FAR'steU 
us that 
• for I: giVen airpJane gron weight; 
• at a pamcular altltuda and 1emperature; 
• using a touchdown point 1000i from tMe threshold. 

ma>( effort braking, autospeed brakes, and no thrust 
reverser; 

ił the runway is dty. the amol,lot oi runway that 1Me 
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airplane will need to make the landing can be no more 
than 600/0 ol the 8vaJJable landing length. 
11 tMę runway is wet. the amount ol runway that the 
airplane wiU need can be. no mOre than 52% ot the 
available runway. Obviously, since runwayscannot be 
lengthened to accomrr.odate any airplane weight. the 
airplane wetght must bę adjusted during the flight plan­
ning stage 10 insure that the ę;(Peded tanding weight is 
allowab!e on thę destinatioń runway. 

The plan is done and once the aJrplane is diSpatcned, 
the plan, as they say. is history. 11 insuredwe were legaj 
10 slan the tlight, nut has no bearing on lhe actual 
landing tMt wili take place. 50. the flight lakes place 
antt the airplane is approachJng the destinatlon airport. 
Oue to at! kinas of varlotJs circumstances we could find 
Ulat we ar~ ciosa to our anticipated landing weight. 
somewhat Itghter, ar somewhat heavier. Now cotnes 
part two ot the ianding. domg it, 

The Inflight Landing Module in the APlC was createdto 
provide the crewmembere realistic. meaningful data for 
the upcoming landing theyare aboutto perfonn. Provtci­
in~ inputs el tem.perature. wind (and gusts, it any}, 
altlmeter. a~d estlmated aowal landing grou weight. 
lM APLC wtll provide a whole page ot userul intorma· 
tloo. 

For eaeM runway Ilsted. a Runway Length is Usted 31$0. 
ihe Runway Length is obtained by using the lesser of 
three separate runway I&ngths found In the Jepps. 
Those three are: 
1) the length as found on the atrport diagram page: 
2) the Ihreshold length. Ilstad on Ihe runway data 

page; 
3} the glide slope łength +1000 fi, alsa list&d on lhe 

runway data page. 
The +1000 1t added to !he glide stopa length accounts 
for \he leng1h 01 pavemerrt prior to th& gtide $Iope 
beacon based on coming over the threshold at 50 ft on 
a 3 degree gtide slope. 
Forexample: itwe took at Newark (KEWA), runway 04L 
we see 8200' on the diagram. threshOld distance ol 
7460' and g!ideSlope di$tance Ol 6400' (+1000') = 7400' 
on łhe data page. The łesser ot these three is 7400'. 
This is the nUmber listed in the APLC. 
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The Approximate Landing Distance values are calcu- 
'Tted using actual stopping distance plus 1500'. The 
j00' accounts for runway surface between the 50' 

height at threshold and the touchdown point plus some 
conservatism. The MIN, MED, and MAX BRKG values 
are based upon a 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 will back off a bit on brake 
pedal force; less reverser - more brake pedal force. 

For example, a 130,000 Ib 727 using MED braking at 
EWR may see that it needs a runway length of 4590'. 
This means that it needs 3090' to stop after it touches 
down 1500' from the threshold. 

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

MEL Tips i? Suggestions 

A large amount of effort is expended within AOD review- 
ing and arbitrating delays associated with the MEL. 
Men, many delays could be minimized or even avoided, 

~ if all parties involved would read the ENTIRE MELentry. 
From the crew perspective, this would mean reading not 
only the (0) procedure statements, but also the Re- 
marks or Exceptions, and the (M) procedures. Practic- 
ing this approach will help 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 (0) procedure is normally accom- 
plished by the Flight crew; however, either party may be 
qualified and authorized to perform certain functions. 
Thus, by reading all (0) and (M) procedures one can 
then ensure all necessary actions are accomplished in 
a timely 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. Comuonents of an MEL Item (Read them all!) 
0 

0 

0 
- 

2 

Descnbtlan - Note if the description is refer- 
ring to aspecific item, an entire system or a sub- 
function of a component or system. 
Cateaorv 

the importance of reading and comprehending 
this section. It is equally applicable as the (0) 
procedures section. Every person who uses the 
MEL must read this in its ENTIRETY because it 

. .  

eauired for Flrqht 
ks or FxceDtiom - Cannot overstate 

states specific guidelines and restrictions that 
must be complied with when deferring an item. 
These guidelines may specifically be directed 
to GOC, MOCC, Maintenance, the Crew or 
ALL parties, and may not be repeated in an (0) 
or (M) procedure. 

2. Interrelationships 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 Item 
in its entirety ensures compliance of applicabil- 

ity and continued airworthiness. 

Remember, Two Sets of Eyes are Better than One! 

3. FLAGITEMS 
This symbol is often misapplied or misinter- 
preted. A flag on an MEL item generally points 
to a (M) Placard indicating required mainte- 
nance and is applied ONLY to that specific item 
of relief. Consider that a MEL item may have 
more than one set of conditions for relief of a 
deferral. One set of reliefkonditions may have 
a FLAG and the other may NOT. Do not 
automatically assume 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 accomplished by crew or delayed 
until arrival at next station. 

JUNE QUESTIONS 

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

knots. 

A. 2 

c. 10 
D. 12 

E. a 

2. Each crew member is required to maintain a 
current flight log book to document flight time qualifica- 
tions: 

A. True 
B. False 
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The Approximate Landing Oistance values are calcu· 
... ted using actual stopping distance plus 1500'. The 
500' accoun!s for runway suliace belween the 50' 

height at threshOld and the touchdown point plus same 
conservatism. The MIN, MED, and MAX BAKG values 
are based upon a fixed deceleration rate according to 
the Srake Switch setting . MIN, MED, ar MAX. Fixed 
deceleration means that if you feed in more thrust 
reverser, the braking system will back off a bit on brake 
pedal force; less reverser· more brake pedal lorce. 

For example. a 130,000 Ib 727 using MED braking at 
EWA may see that it needs a runway length 01 4590'. 
This means that it needs 3090' to stop after il touches 
down 1500' from the threshold. 

Sa, 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 

A large amount 01 etfort is expended within AOD review­
ing and arbitrating delays associated with the MEL. 
1ften, manydelays could be minimized oreven aveided, 

Ił all parties involved wou!d read the ENTlAE MEL entry. 
From the crew perspective, this would mean reading not 
only the (O) procedure statements. but also the Re­
marks or Exceptions, and the (M) procedures. PraCtic­
ingthis approach will helpto capture the entire picture .... 
understanding the nature 01 the tailure, and how łhe 
MEL ensures continued airworthiness. Per MMEL defi­
niUons, a (M) procedure is nonnally accomplished by 
Maintenance, and an (O) procedure is normally aceom­
plished by the Flight crew; however. either party may be 
qualified and authorized to perlorm certain tunctions. 
Thus, by reading all (O) and (M) procedures one can 
then ensure aU necessary actions are aecomplished in 
a łimely and safe manner. 

Tha following is a raviaw ot tha basic philosophy asso­
ciated with the MEL, and is intanded to Bid your undar· 
slanding of how to apply tha MEL: 

1. Components of an MEL Iłem (Read them alll) 

2 

• DescriDtjoo - Nota łf łhe description is refer­
ring to a specific item. an entire system or a sub· 
function 01 a componant or system. 

• CateQoQl 
• Minimum Begyjred for Rjght 
• Remarks er Exceptjons - Cannot overstale 

the importance of reading and comprehanding 
this section. It is equally applicable as łhe (O) 
procedures section. Every person who usas the 
MEL must read this in its ENTIRETY because it 

states specific gwdehnes and restrictions that 
must be complied with when deferring an item. 
These guidelines may specifically be directed 
to GOC, MOCe, Maintenance, lhe Crew er 
ALL parties. and may not be repeated in an (O) 
or (M) procedure. 

2. Interrelationships 01 Multlple fnoperative 
MEL Items/Systems 
• When operating with multiple inoperative items, 

Ihe interrelationship between those items and 
the aflect on aircraft operation and crew work· 

load should be considered. 
Aeview ol an MEL ltem 
in its enflrety ensures compliance ol applicabil· 

ity and continued airworthiness. 

Aemember. Two Sets 01 Eyes are Better than One! 

3. FLAG ITEMS 
• This symbol is often misapplied or misinter· 

preted. A flag on an MEL item generally points 
to a (M) Placard indicating required mainte· 
nance and is applied ONL Y to that specific item 
ot relief. Consider that a MEL item may have 
more than one set ot conditions for relief 01 a 
deterral. One set ot relief/conditions may have 
a FLAG and the other may NOT. Do not 
automatically assume that since a set ot condi­
tions for relief has a flag that each subsequent 
set ot relief would be flagged as well. A FLAG 
will be applied to each specific set ot relief that 
diracts Maintenance to be peliormed łhat ean 
not be sałety accomplished by crew or delayed 
until arrival at neX! stalion. 

JUNE QUESTJONS 

1. Windshear is defined as a rapid change in wind 
direction resulting 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. True 
B. False 
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Tail Strike Avoidance 
Following is a reprint of an article Boeing printed in their 
publication AERO Magazine. The writer of the article 
was Pete Benardin, Chief Pilot Boeing. You may access 
the full article with figures on the Soeing home page, 
www.boeing.com. The article is a generic one that 
cowers all Boeing aircraft types, but the issues raised do 
apply directly to the MD- 1 1 in most cases. 

Tail strike, which occurs when an airplane tail contacts 
the runway during takeoff or landing, is an event that can 
be encountered by virtually all transport airplane de- 
signs. Some models in the Boeing commercial airplane 
fleet experience tail strike more often than others and, 
almost without exception, 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 tail strike and the 
resulting damage, DPD conducted an evaluation of the 
circumstances surrounding this event, including weather, 
wind, weight, speed, and control input. DPD also con- 
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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 frequency of tail strike is higher for some 
models on takeoff, and for other models 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 high incident rate upon entry 
into service, followed by a reduced rate and then an 
increased rate about six years after initial entry into 
service ...... 
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 factor. While tail 
strike may occur to pilots with abundant flight time 
in a model, most occurto pilots who aretransitioning 
from one airplane model to another and have fewer 
than 100 hours of flight time in the new model. 
Incidents are greatest among pilots during their first 
heavy-weight operations in the new model, espe- 
cially when the weather is marginal. 

The DPD examination revealed eight risk factors, one 
or more of which precede a tail strike: mistrimmed 
stabilizer; unstabilized approach; holding off in the flare; 
mishandling of crosswinds; and over-rotation during 
go-around. Additional factors 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 .Takeoff risk factors. 
2.Landing risk factors. 

Takeoff Risk Factors 
Any one of these four takeoff risk factors may precede 
a tail strike: 
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Tall Strike Avoidance 
Following is a reprint at an article Boeing printea in their 
publication AERO Magazine. The writer ot the article 
was Pete Benarrlin, Chief Pi/ot Boeing. You mayaccess 
the tuli article with tigures on the Boeing home page, 
www.boeing.com. The srticle is a generic one thal 
covers al/80eing aircraft types, but !he issues raised do 
apply directly to the MD-11 in most cases. 

Tai! strike, which occurs when an airplane tai! contacts 
the runwayduring takeoff ar landing. is an eventthat ean 
be encountered by virtually all transport airplane de· 
signs. Some models in the Boeing commercial airplane 
fleet experience tai! slrike more often than olhers and, 
almost without exception. the cause is elusive to the 
11ight crew. In order to better understand this ?ccur. 
rence, Oouglas Produets Oivision (OPD) examlned a 
number ot recent taił strike events. 

In an effort to help operators avoid tai! stoke and the 
resulting damage, OPD conducted an evaluation ol the 
circumstances surrounding this event, including weather, 
wind. weight, speed. and contro! input. OPD also con· 
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ducted ftight crew intervlews and reviewed flight re­
corder data during its examination ot recent tad strike 
events. 

The results provided the followmg conclUSlons: 
• The Irequency ol tai! strike is higher for some 

modets on takeoff, and tor other modets on landing 
(Editor's note: The MO-11 has experienced both.). 
The overaI! inddent rate vanes from one model to 
another as well as over time. For example, one 
model experienced a high incident rate upon entry 
IOto seNice, folIowed by a reduced rate and then an 
increased rate about six years after inUial entry into 
service ...... 

• Though taił strike occurs in both daylight and dark· 
ness. and in both good and bad weather, the 
amount of flight crew experienee with the model of 
airplane Ilown is a more signrficant faetor. While tai! 
strike may oeeur to piJots with abundant flight time 
in a model, most occurto pilots who aretransitioning 
from one airplane model to another and have lewer 
than 100 hours ot flight time in the new model. 
Incidents are greatest among pilots during their first 
heavy-weighl operations in the new model, espe· 
cialty when the weather is marginal. 

The OPO examination revealed eight risk faetors, one 
or more ol which precede a tail stoke: mistrimmed 
stabilizer; unstabilized approach; holding aft in the flare; 
mishandling ot crosswinds; and over-rotation during 
go-around. Additional factors may exist that were not 
revealed by the DPD examinatian, but each ot the eight 
was shown to play a significant role in tail strike. Most 
importantly, the examination showed that eaeh is under 
the direct control ot the tlight erew, and therefore ean be 
avoided with proper understanding and training. The 
risk factors were found to oceur in two categories: 

1.Takeofl risk factors. 
2.Landing risk faetors. 

Takeoff Risk Facłors 
Any one of these tour takeoH risk factors may preeede 
a tail strike: 
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Mistrimmed stabilizer. . Rotation at improper speed. 
Excessive rotation rate. 
Improper use of the flight director. 

MI STR I M M ED STA 6 I L IZER 
A mistrimmed stabilizer occurring during takeoff is not 
common but is an experience shared at least once by 
almost every flight crew. It usually results 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 flight crew can 
become aware of the error and correct the condition by 
challenging the reasonableness of the load 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 should 
be set. Boeing suggests testing the load sheet num- 
bers against past experience to be sure that the num- 
bers are reasonable. 

A stabilizer mistrimmed nosedown can present several 
problems, but tail strike usually is not one of them. 
'-lowever, a stabilizer mistrimmed noseup can place 
le tail at risk. This is because the yoke requires less 

pull force to initiate airplane rotation during takeoff, and 
the pilot flying (PF) may be surprised at how rapidly the 
nose comes up. With the Boeing-recornmended rota- 
tion rate (of 2.5) degrees per second (dps), ... and a 
normal liftoff attitude, liftoff usually occurs qbout four 
seconds after the nose starts to rise. ... However, with 
the stabilizer mistrimmed noseup, the airplane 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. 

If the stabilizer is substantially mistrimmed noseup, the 
airplane may even try to fly from the runway without 
control input from the PF. Before reaching Vr and 
possibly as early as approaching V l  , the nose begins 
to ride light on the runway. Two or three light bounces 
may occur before the nose suddenly goes into the air. 
A faster-than-normal rotation usually follows and, when 
the airplane passes through the normal liftoff attitude, 
it lacks sufficient speed to fly and so stays on the 
runway. Unless the PF actively intercedes, the nose 
keeps coming up until the tail strike occurs, either 
qmediately 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 

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

An error in Vr speed recently resulted in a trijet tail strike. 
The load sheet numbers were accurate, but somehow 
the takeoff weight was entered into the FMS 100,000 Ib 
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-deg liftoff attitude, a lack of 
sufficient speed prevented takeoff. Rotation was allowed 
tocontinue, with takeoff and tail strike occurring at about 
1 ldegrees. Verification that the load sheet numbers 
were correctly entered may have prevented this incident. 

EXCESSIVE ROTATION RATE 
Flight crews operating an airplane model that is new to 
them, ... are most vulnerable to using excessive rotation 
rate. The amount of control input required to achieve the 
proper rotation rate varies from one model to another. 
When transitioning to a new model, flight crews may not 
consciously realize that it will not respond to pitch input 
in exactly the same way. 

As simulators reproduce airplane responses with re- 
markable fidelity, simulator training can help flight crews 
learn the appropriate response. A concentrated period 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 normal amount of noseup 
elevator in aft CG condition is likely to cause the nose to 
lift off the runway more rapidly and put the tail at risk. 

IMPROPER USE OF THE FLIGHT DIRECTOR 
..., the flight director (FD) is designed to provide accurate 
pitch guidance only after the airplane is airborne, nomi- 
nally passing through 35 ft (10.7 m). With the proper 
rotation rate, the airplane reaches 35 ft with the desired 
pitch attitude of about 15 deg and a speed of V2 + 1 O... 
However, an aggressive rotation into the pitch bar at 
takeoff 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: 

Unstabilized approach. 
Holding off in the flare. 
Mishandling of crosswinds. 
Over-rotation during go-around. 

A tail strike on landing tends to cause more serious 
damage than the same event during takeoff and is more 
expensive and time consuming to repair. In the worst 
case, the tail can strike the runway before the landing 
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• Mistnmmed stabilizer. 
Rotafion at improper speed. 

• Excessive rotation rate. 
• Improper use of the flight director. 

MISTRIMMED STABILlZER 
A mistrimmed stabilizer occurring during takeoH is not 
common but is an experience shared at least once by 
almost every flight crew. It usually results from using 
erroneous data, the wrong weights, ar an incorrect 
center oi gravity (CG). Sometimes the information 
presented to the flight crew is accurate, but is entered 
incorrectly either to the flight management system 
(FMS) ar to the stabilizer itself. In any case, the stabi­
lizer is set in the wrong posiUon. The flight crew can 
become aware ot the error and correcl the condition by 
challengrng the reasonableness of the load sheet num­
bers. A flight crew that has made a łew takeoffs in a 
given weight range knows roughly where the CG usu­
ally resides and approximately where the trim should 
be set. Boeing suggests testing the load sheet num­
bers against past experience to be sure that the num­
bers are reasonable. 

A stabilizer mistrimmed nosedown can present several 
problems, but tai! strike usually is not one of them. 
'iowever. a stabilizer mistrimmed noseup can place 

,e tail at risk. This is because the yoke requires less 
.. pull force to in!tiate airplane rotation during takeotf, and 
the pilot tlying (PF) may be surpnsed at how rapidly the 
nose eomes up. With the Boeing-recommended rota­
tion rate (ot 2.5) degrees per second (dps), ... and a 
normal liftoff attitude. liftotf usually occurs a,bout four 
seeonds after the nose starls to rise .... However, with 
the stabilizer mistrimmed noseup. the airplane can 
rotate 5 dps ar more. With the nose rising very rapidly, 
the airplane does not have enough time to change its 
flighl path belore exceeding the critics! attitude. Tail 
strike csn then oecur within two orthree seconds ot the 
time rotalion is initiated. 

ltthe stabilizer is substantially mistrimmed noseup. the 
airplane may even try to fly trom Ihe runway without 
control input trom the PF. Batore reaching Vr and 
possibly as earty as approaching V1. the nose begins 
to ride Ilght on the runway. Two orthree light bounces 
may oeeur before the nose suddenly goes into Iha air. 
A faster-than-normal rotation usuallytollows and. when 
the airplane passes through the nonnalliftoH attitude. 
it laeks sufficient speed to fly and sa stays on the 
runway. Unless the PF actively intercedes. the nose 
keeps coming up until the tail strike occurs, either 
"1mediately befoTe or after liftoH. 

ROTATION AT IMPROPER SPEED 
This situation can resułt in a tai! strike and is usually 
caused by one ot two reasons: rotation is begun eańy 
because of some unusual situation. or the airplane is 
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rotated at a Vr that has been compuled incerrectly and lS 
too lew for Ihe weight and flap semng ..... 

An error in Vrspeed recently resulted in a tnjet tail strike. 
The load sheet numbers were accurate, but somehow 
the takeoff welght was entered mto Ihe FMS 100,000 tb 
lower than il should have been. The resulling Vr was 12 
knots indicated air speed (kias) slow. When the alrplane 
passed through a nominal8-deg liftotf attitude, a lack ol 
sufficient speed prevented takeoff. Rotation was allowed 
tocontinue, with takeoff and tail strike occurrrng at about 
11degrees. Verification that Ihe load sheet numbers 
were correctly entered may have prevented this incident. 

EXCESSIVE ROTATION RATE 
Flight crews operating an arrplane model that is new lo 
them .... are most vulnerable to using excessive rotation 
rate. The amount ol contro! input requrred 10 achieve the 
proper rotation rale varies trom one model to another. 
When transitionlng to a new modeł. tlight crews may not 
consciously realize that it will not respond to pitch inpul 
in exactly the same way. 

As simulators reproduce airplane responses with re­
markabte tidelity. simulator training can hełp flight crews 
learn the appropriate response. A concentrated period of 
takeotf practice allows students to develop a sure sense 
ot how the new airplane !eels and responds to pitch 
inputs. On some modeis, this is particularly important 
when the CG is loaded toward its aft limits, because an 
airplane in this condition is more sensitive in piłch, 
especiatly during takeoH. A normal amount ol noseup 
elevator in aft CG condition is likely to cause the nose to 
lift oft the runway more rapidly and put the tai! at risk. 

IMPROPER USE OF THE FLlGHT DIRECTOR 
.... the tlight director (FO) is designed to provide accurate 
pitch guidance anty after the airplane is airborne, nomi­
nally passing through 35 ft (10.7 m). With the proper 
rotation rate. the airplane reaches 35 ft with the desired 
pitch attitude ol about 15 deg and a speed of V2 + 10 ... 
However, an aggressive rotation into the pitch bar at 
takeoH is not appropriate and may rotate the tail onto the 
ground. 

Landing Rlsk Factors 
Any one ol these four landing risk factors may precede 
a tail strike: 

• Unstabilized approach. 
• Holding aff in the flare. 
• Mishandling ot crosswinds. 
• Over-rotation during go-around. 

A tail strike on landing tends to cause more serious 
damage than the same event during takeoH and is more 
expensive and time consuming to repair. In the worst 
case. the tail can strike the runway befare the landing 

November 1998 



gear touches down, thus absorbing large amounts of 
energy for which it is not designed. The aft pressure 
bulkhead 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 
common 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 
airplane arrives in the flare, it invariably has either 
excessive or insuff icient airspeed, and quite often is also 
long on the runway. The result is a tendency toward 
large power and pitch corrections in the flare, often 
culminating 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 spoilers themselves add an additional noseup 
pitching force. Also, if the airplane is slow, pulling up the 
nose in the flare does not materially reduce the sink rate 
and in fact may increase 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 landing 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 soft touchdown is not essential, nor even 
desired, particularly 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 flat. Flight crews should trim 
the airplane in the approach, but not in the flare 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 tail strike, particularly 
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 700 to 900 ft (21 4 to 
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. If the airplane is 
placea in a forward slip attitude to compensate for wind 
effects, this cross-control maneuver reduces lift. in- 
creases drag, and may increase the rate of descent. If 
the airplane then descends into a turbulent surface 
layer, particularly 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 quartering tail wind, the 
sudden drop in wind velocity commonly found below 
100 ft (31 m), and turbulence can make the timing of the 
flare very difficult. The PF can best handle the situation 
by exercising active control of the sink rate and making 
sure that additional thrust is avadable if needed. Flight 
crews should clearly understand the criteriafor initiating 
a go-around and plan to use this time-honored avoid- 
ance maneuver when needed. 

OVER-ROTATION DURING GO-AROUND 
Go-arounds initiated very late in the approach, such as 
during flare 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 
possible. 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 to support the effort. The nose comes 
up, and the tail goes down. A contributing factor may be 
a strong desire of the flight crew to avoid wheel contact 
after initiating a late go-around. when the airplane is still 
over the runway. In general, the concern is not war- 
ranted because a brief contact with the tires during a 
late go-around does not produce adverseconsequences. 
Airframe manufacturers have executed literally hun- 
dreds of late 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- 
cluded consideration of weather conditions, flight re- 
corder information, and interviews with flight crews, 
showed that eight factors contribute to tail strike. A 
significant factorthat 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 challeng- 
ing the reasonableness and accuracy of takeoff num- 
bers, being very aware of pitch attitude when flying on 
or just above the runway, and obtaining flight simulator 
training to become more familiar with how various 
airplane models respond to pitch inputs. 

13 

gear touches down, thus absorbmg large amounts ol 
energy for which it is not designed. The aft pressure 
bulkhead is olten damaged as a result. 

UNSTABILiZED APPROACH 
An unstabilized approach ... appears in one form ar 
another in virtualJy every landing tail strike event. When 
an airplane lurns on to final approach with excessive 
airspeed, excessive altitude, or both, the situation may 
not be under the contralal the llight crew. The most 
common cause ot this scenarro is the sequencing ot 
traffic in the terminal area as determined by air traffic 
control. 

Digital I1ight recordet data show that flight crews who 
continue through an unstabilized condition below 500 fi 
willlikely never get the approach stabilized. When the 
airplane arrives in the flare, II invariably has either 
excessive or insufficienl airspeed, and quite often is also 
long on the runway. The result is a tendency toward 
large power and pilch corrections in the flare, often 
culminating in a vigorous noseup pull at touchdown and 
tai! strike shortly thereafter. If the nose ts coming up 
rapidly when touchdown occurs and the ground spoilers 
deploy, the spoilers themselves add an additional noseup 
pitching force. AIso, if the airplane is slow, pulling up the 
nose in the flare does not materially reduce the sink rate 
and in łact may increase it. A firm touchdown on the mam 
gear is often prełerable to a soft touchdown with the 
nose rising rapidly. 

HOLDING OFF IN THE FLARE 
The second most common cause ot a landing tail strike 
is a long flare to a drop-in touchdown, a conditlon often 
precipitated by a desire to achieve an extremely smooth 
landing . A very softtouchdown is nlJt essential. nor even 
desired, particulany il the runway is wet. 

Trimming Ihe stabilizer in the flare may contribute to a 
tail strike. The PF may easily lose the teel ot the elevator 
while the trim is running; too much trim can raise the 
nose, even when this reaetion is not desired. The pitchup 
can cause a ballooo, foliowed either by dropping in ar 
pitehing over and landing fiat. Flight erews should trim 
the airplane in tha approach, but not in the flare Uselł, 
and avoid ·squeakers, ~ as they wasta runway and may 
predispose the airplane to a tai! strlke. 

MISHANDLING OF CROSSWINDS 
A crosswind approach and landing contains many ele­
ments that may increase the risk oftail strike, particularly 
in the presence of gusty conditions. Wind directions 
near 90 deg to the runway heading are often strong at 
pattem altitude, and with little headwind component, the 
airplane mas the final approach with a rapid rate of 
closure on Ihe runway. To stay on the glidepalh at that 
high groundspeed,descent rales ol 700 to 900ft(214 to 
274 m) per minute may be required. Engine power is 
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likely to be well back, approaching Idle in some cases, 
lo avoid accelerating the arrplane. If the airplane is 
placea In a lorward slip attitude to compensate for wind 
elfects, this cross-control maneuver reduces 111t, in­
creases drag, and may Increase the rate of descent. lf 
Ihe alrplane then descends IntO a turbulent surtace 
layer. partlcularly if the wrnd is shIfting toward Ihe tai1, 
Ihe slage is set for tail strike. 

The combined effects of high closure rate, shifting 
winds wjth the potentiaJ for a quartering tai! wind, the 
sudden drop in wind velocity commonly found below 
100 fI (31 m), and lurbulence can make the timingof lhe 
flare very difficult. The PF can bes! handle the situation 
by exercising active contral ot the srnk rate and making 
sure Ihat additional thrust 15 avallable if needed. Flight 
crews should clearly understand the cnteria for initiating 
a go-around and plan lo use thls time-honored avoid­
ance maneuver when needed. 

OVER-ROTATION DURING GO-AROUND 
Go-arounds initiafed very Jate in Ihe approach, such as 
during flare or atter a bounce, are a common cause of 
tail strike. When the go-around mode is initiated, Ihe FD 
immediately commands a go·around pitch attitude. If 
the PF abruptly rolates into Ihe command bars, taił 
strike can occur before a change to the flight path is 
possible. 80th pitch attitude and thrust are required for 
go-around, 50 il the engines are just spoohng up when 
the PF vigorously pulls the nose up, the thrust may not 
yet be adequate to support the effort. The nose comes 
up, and the tail goes down. A contributing tactor may be 
a slrong desire of the fJight crew to avoid whee1 contact 
after initiating a late go-around, when the airplane is still 
over the runway. In general, !he concem is not war­
ranted because a brief contact with the tires durlng a 
late go-around does not produce adverse consequences. 
Airframe manufacturers have executed litarally hun­
dreds ot late go-arounds during autoland certilication 
programs with dozens ot runway contacts, and no 
problem has ever resulted. The airplane simply mes 
away from the touchdown. 

Summary 
An examination ol recent tail strike events, which in­
cluded consideration ot weather conditions, flight re­
corder infonnation, and interviews with flight crews, 
showed that eight facłors contńbute to tail strike. A 
signilicant factorthat appears lo be common is the lack 
01 flight crew experience with the model being flown. 
The examination concluded that tlight crews can take a 
variety of steps to prevent tail stoke, including challeng· 
ing the reasonableness and accuracy of takeoff num­
bers, being very aware ot pitch attitude when flying on 
or just above the runway, and obtaining fJight simu/ator 
training to become more familiar with how various 
airpłane models respond to prtch inputs. 
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_ ..... cIownl~wuqulCldy_od •• ndlh. 
UpIone IWIUmed 10 _od 1I/gId. The ~lal pilch 
cIowngono_a~·G·ooncII/Onwłl/Ch ...... od 
1n,.1\'1O __ pa_o Onellghl 
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ol tnHkId upOIł tbe OAIW. One crewmambet made a 
Changowlhoul/nlolmlnglhoOlhar_whalhO_ 
doII1I. Juat be ...... ol whol·. goIng on and don' be 
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we WIJ1Iod to _o 110m the AFM. 
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HARD !.ANDINOS 
By naw most peopIe ON 8WON lhIt a vel)' haJd londIng 
was made by In MD-11 operator CIU8Ing extensive 
damage 10 tI1e aIrpIano. 

h .. omo lhaI a not ao .......... set ol .... _ 
_ Ihls _rt to happen. The crew was hond 
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In ant/cIpa1ion Ol pilch up Ol _ clown. lhO _ 
lfI'PIIod lolWW _ .. and kwcad Iho ..... clown 
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opoi/ełl dkl not Ildend. Tho _ bounoed lI1CI _!he crew 10 """'" mont than one oootlO!_ 
movemenl cauaing 101M osdlation& to ODCUr. 

W. eon aU IhInk ol_o łhllwanave_od lhe 
Mrtottwołtlea and betn In what could ha.,. been • wry­
IImIa, sIluatlon. W. ROISI Nmember !hal anythIng 
done out 0I1ho 0Id1nary requlnl. o lot OIlhoughI and 
ptannlng. Hopelulty. we can toom 110m all ol _ 
_ iono and kosp ••• 18 operallen. 
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MD- 1 I TAIL STFUKE AWARJZNESS INFORMATION 

INTRODUCTION 

FedEx Nght standards and flight training have deveioped an &ID-11 tail strilce 
awareness training program. The primary objective of this program is to improve 
awi-ness of the pilot controlled factors that affect pitching tendency after 
touchdown and to reinforce proper sink rate and bounce recovery technique. The 
program consists of a 30 minute briefing followed by 1 hour of simulator training. 
Tail str ike awareness training has been incorporated into recurrent, initial, and 
transition training. All FedEx pilots currently qualified on the iMD-11 will receive the 
training during their next recurrent event, i.e. warm up, pt, or loft. 

The purpose of this document iS to provide F e a r  iMD-11 pilots immediate access to 
the information gathered during the development of the tail strike awareness 
trainhg program. 

T h e airline industry has logged approximately 350,000 MD-I 1 landings to date 
MD-11 tail strike hcidentdaccidenb have occurred at a fairly constant ntc  
(tail strikedtotal landings). Approximately 25% of the industries MD-11 tail strikes 
occurred on takeoff and 75% on landing. 

TAKEOFF 

The reeommcnded rotation technique is a 3 degree per second rotation to an initial 
pitch attitude of approximately 15 degrees. The pilot flying (PF) shouid then 
trsasition to the fligbt 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 rOtat iOQ is not appropriate. Two step or segmented rotations will significantly 
impact taktoff performance, Le. required runway, second segment climb gradients, 
and obstacle clearance. It &, however, tbe PF's responsibility to ensure that the 
aircraft is accclerpting properly and bas become airborne passing 10 degrees of pitch 
attitude. If the aircraft baa not become airborne, possib!y due to un inaccurate flap 
setting, stab setting, gross weight entry, or contaminated win& the rotation sbouid be 
stopped. 

Some tail str ikes on takeoff have occurred as a result of early or quick rotations. One 
toii strike occurred as a result of the pilot hitinting a rotation at V1 YB. VR. h o t h e r  
t d  strike occurred a9 a mult of an inaccurate gross weight entry into the FMS 
which reaulttd in inaccurate V Speeds. 

MD-II TAlL STRlKE AWARENESS INFORMATION 

INTRODUCTJON 

FedE:s: rught ltandard.s and maht trainiog have developed aD MD-ll tail strike 
awarene:ls traiDiDg pro&!,am. The primary obj~tive oftbis proaram is to improve 
aWlll"ene!lS of the pUot cODtroHed faCTon that affect pitchiPg tcna~nc:y after 
touchdoWD and to reintorce proper sink rate and bouDce recovery tecbnique. The 
program cOMiliU 0(.30 minute bliefin, foDowed by l hOllr ol simulator traioiog. 
TaB strike aw.renus traiDiDg has been iDcorporated iDto recurreot. initial, and 
tJ"ansitiOD trainiDg. AlIledEx piłotl currentJy quałified OD the MD-l J will receive tbe 
trainiDE: dunng their Dext rccurrent event~ i.e. warm up, Pl, or 10ft. 

Tbe purpose oftbis doeument is to provide FcdEx MD-ll piJots immełljale access to 
the informattoD ptbered during the developmcut of tbe tail strike aw.rCDe~:t 
traiDiDg program_ 

The airliDe industry has logged approximatcly 350,000 MD-ll JandłDgs fo date. 
MD-l1 taił strikc iocidents/accidełlts bave occurred at a Cairly C!oDStant rate 
(tait strikesltotallandiDp). Approxlmateły 25°/. ot łbe induuries MD-ll taił strikes 
occurred on takeofl and 7So/. OD IandiDg. 

TAKEOFF 

The recommcnded rotation łcehnique is a 3 degrcc per seeond rotation to an ioitia) 
pitch attitude of IlpproIimateJy 15 degrees. Tbe pHot ftying (PF) !.bould theD 
transjtioD to the flłgbł director pitch bar for guidance. The ID.ht dił"ector pitch bar is 
not uable Ubti1 approsimatcly five SKODds afler DOle Kear stn1t eXtenaioD. A two 
step rotation ls not appropriałe. lWo step or sezmented rotatiODS wiU significlUltly 
wpact takeofrperformanc:e~ Le. requ;red runway, seeond see:ment climb gradieD"~ 
and obJtacJe elearance. Ił la. howevcr, the PF's responsibillty to eBIUrc that łhe 
aircraft ta acceleratiJlg properly Rad bas berome eirbome palliDglO deuees ofpjtcb 
atdtude. If the aircraft bu not beeome airborne. pOlsibły dur. to au inace:urate fI.p 
lettiDl. Itab settiDg. gross weipt eDtry~ or contamiDatcd wiJ1&, the rot.don shoułd be 
stopped. 

Some taił sh'iketl on takeoff have occurred as a rnult oC earły or quick rOtatiOD5. ODe 
łaH.trike occur.-ed as a resułt otthe pilot lnitlatil1a a rotanon at VI VI. VR. Motker 
lai] slrike oecurred al • resuJt of aD iD.ecurałe 21"055 weighł eDtry into the FMS 
which rswted In iDaccurate V speeds. 
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Some of the factors that affect pitching tendency after touchdown are: 

Flap setting Strut servicing Sink rate 
Center of gravity Ground spoilers Pitch Attitude 
G rosr weight Au tobrakes Pitch Attitude rate 

Airspeed 

0 Landing tail strikes have occurred with the following: 

Flaps 35 and naps 50 
Forward and aft center of gravity 
Light and heavy gross weight 
Over serviced end correctly scrviced struts 

One consistent factor in werv landing tail strike to date has b ecn an excessive 
descent rate with an increasing pitch attitude rate prior to the initial toachdo wn. 
Sink rst&Tp~ch attitude, pitch attitude rate, and airspeed %re pilot controlled 
factors that affect pitching tendency after touchdown and arc the focus of the tail 
strike awarcncss training program. 

Tbe folJowhg pilot actions may m~ult  in high sink rate  prior to touchdown: 

Unstable approach 
Late or abrupt align maneuver 
Early flarc 

0 Stabilized approach 
The aircraft should be fully configured, on speed (including appropriate wind 
and p r t  corrections spplicd to Vref) and on flight path by loo0 feet AGL. J f  
tbe aircrPA is not stabilized by 500 fect or if a sink mte of more than 1000 
FPM develops, a missed approach should be executed. 

Several tail strikes hnve occurred on visual approaches without the use of nn 
clectronic glideslope. Increaocd crew awareness and crew coordination 
during these types of approaches is cAthd. 

FedEx Air operations Division June 1996 Page 2 

• Some of the faetor, łbat aff'ed pitchiDg tendency after touc:hdown are: 

FJap settiog 
Center of gnnity 
Gross weigbt 

Struł servidng 
Ground spoilen 
Autobrakes 

SiDk rate 
Pitch Attitude 
Pitcb Attitude rate 
Ainpeed 

• Laading taiJ strikes have o«urred with the folIowing: 

Flaps 35 and Oaps 50 
Fonvard and aft center ofgravity 
Light Bnd beavy gross weilbt 
Ovel' serviced and c::orrectly liicrvic::ed Strutl 

One cOD.!mtcut fador iD evm landill:l taił 8mb to date bil besh an exceuin... 
descent rate with aD increasing pitch attitude rate prior to tbe initial touęhdowll. 
Stuk rates, pitch attłtudc, pitch attitude rat~ and airspeed .re pilot cODtrolltd 
f.eton łhat affee! pirchlD& teDdeocy alter touchdoWD and an the foeus of the taił 
5trike awarene5S traiDine progn.m. 

• Tbe foJJowiag pUot aelions may relult in bigh siak rates prior to toucbdown: 

UnstabJe approac.b 
Late or abrupt aHp maneuver 
Early Oare 

• Stabłliz:ed approach 
The aircraft shouJd be fulły configured. on speed (iDeIuding appropriate wiDd 
aad gust eorrectioD5 applied to Vret) and OD tligbt patb by 1000 feet AGL. Jf 
łlte .ircraft is Dol 5tabilized by 500 leet or if a link rate or mOR tban 1000 
FPM deveJops, a młssed epproach should be executed. 

Several taU strikes have oceurred OD visua. approaches without tbe Usie of an 
cleetronic glidcslope. meAlUlcd crew awareDeJ5 and crew coordioatioD 
duriac: tbese type. of approaehH fi cridcal 
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MD-11 FLIGlpTmSlXUCTOR GUIDE 

TAIL STRIKE AWARENESS TRAINING 
INSTRUCTOR NOTES 

BRIEFING 30 MINUIES 

DEBRIEF 30 MINUTES 
TRAINING DEVICE 1 HOUR 

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

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

REQUIRED SIGN OFF 

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

MD-ll FUGHT lNSTRUCTOR GUIDE 

TAIL STRIKE AWARENESS TRAlNING 

INSTRUCTOR NOTES 

BIut!FlNG 30 M1NtJTES 
TRAINING DEVICE l HOUR 

DEBIUEF 30 MlNUTEs 

Tbe primary objective or bili .trIke ..... ren ... t,,!imag is to improve .... reD"'" ot 
tbe pilot eODl1'oUed faeton tbat afI"eet pikhing 'endeoey after touehdown and to 
r-einforc:e proper sink nie Rnd boUDff reco'Very teełmique. 

Thls !raming may be .ecompllshed ... part ot reeurreot, inltiaI, or tntusmoD 
trainiDg. 

REQUIREO SIGN 0F1' 

Note completion by" remark "Taił Strike Awarene5S Traiuing Accomplisbed" in the 
remarks sec:tion of tbe 007 or 007 A. 
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Hlot{ Sr.-.n< RATE AND BOIDłCE RECOVERY TECH~JQUE 

Tbe recommended high SiDk rate and bounce recovery tccbnique is to estabJish a 
7 la degree pUch attitude and ,rret the ,iok ratę with tbrust. If a high boubce 
occurs, a eo-around shouJd be Jnitiated. Low levł'!ł go-arouods, Le. less tban lO ket 
RA, are dramatlc.lly dłft'eftot thaD higher altitude IO~arou.Dds. High aldtnde go­
arounds are initiated with pitch. wbile low kveJ eo-arounds must be initiated with 
thrust. DUriDg low level go-arollllds maID wbecl tOUC&dOWD may be unavoidable. The 
PF must Dot cxceed 10 degrees ofpitch or refract tlte łandiDg gesr untiJ passiDg 
20 feet RA with a positive nUe of dimb. 

Some t.il strikes ba"e occurred, al a n.ult of the pilot attclIlpOn& to arrest a high 
sink rtete or bounce by quickly adding up ele""8tor. ThiJ technique immediately 
mereasel botb tbe effective weight ofthe aireraft and the aircraft's verrical velocity. 
The resuJting increased attityde rate will agr.v.te IDe pitch'gg teodeuC\' .fter 
toucbdoWD and drive the main wbeels Jato the iUOuod, thus comprel1iDe the main 
wheel struts. The aft fuselage will cODtact the runway at approxilllately 10 drgrees 
pjC~h attitude witb the strun compresscd. 

It ił hnperative tbat pilots fully understand tbe eorrelation betweeD an io.creasłng 
aHicude rate at toucbdown aud an mcreased pitch up tendency .tter toucbdowo. 
ODe degrtt per second Dr łuęrmiDg .młode ratę at touclłdoWD gener.tes as much 
pUch up teDdeney as ruD ."iler deploymcnŁ Elevator back preSS\łre should be 
relaxed, and a eonstant pitcb attitude should be mainłaiDed (rom ł O feet radio 
altitude to touehdowD. 

c;~;:,::~~vv~~.rd 1\0 Flight Standard. 
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MD-II FLIGHTaVSTRUCTOR GUKDE 

TAIL STRIKE AWARENESS 
BRIEFING 

INTRODUCTION 

0 MD-11 tail strike incidentdaccidents have occurred at a fairly constant rate 
(tail strikes/total landings). 

0 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 fwe seconds after nose gear strut extension. A two step rotation is not 
appropriate. Two step or segmented rotations will significantly impact takeoff 
performance Le. required runway, second segment climb gradients, and obstacle 
clearance. I t  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. 

Some tail strikes on takeoff have occurred as a result of early o r  quick rotations. One 
tail strike occurred as a result of the pilot initiating a rotation a t  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-Il FUGHT INSTRUCTOR GUIDE 

INTRODUcnON 

TAIŁ STRIKE A W ARENESS 

BRIEFING 

• MD-l1 taił strike iDeidentslacc:idenu hRve occurred at a fairJy tonstant nu 
(taU strikesltotal IJlDdiDgs). 

• 25% ofMD-l1 tai1strikes to date bave occurred OD ukeoffand 75% OD landing. 

TAKEOFF 

Tbe recommended rotatioD tecbnique is a 3 degree per sKond rotatiOD to 8n iDitial 
pilcb attitud. of approximate\y IS degr .... Tbe PF sbould tbea traasitioa to Ibe 
Oigbt dircetor pitch bar for gnid.nee. Tbe Oight director pilch bar is Dot usable util 
approumately rJVe setonu after Dose gar struł extensiOD. A two step rotatiOD ił Dot 
.ppropriate. Two step or segmented routiom will sigDifieaatly impact takeofl' 
peńormance Le. required runway, sKond segment cłimb gradients, and obstade 
clearance. Ił Is, bowever, the PF's respoDsibWty to ensure that tbe aireraft is 
accelerating properły and bas hecome airbome pusmg 10 degrees of pitch attitade. 
If tbe aircraft has Dot become airborae, possibly due to an in.ceante Oap setting, 
stab setting, gross weigbt eDtry, or ~oDtamiDated wiDg, tbe rotatiOD should be 
stopped. 

Some tail strikes OD takeoff have occurred as a rault of early or quick rotatioas. One 
tail stńke oc~urred .. " a muJt of tbe pilot mitiatiug a rotatiOD at VI vs. ~ Anotber 
taił strike occ:urred as a rault of aD iDaccurate grDss weigbt eDtry mto tbe FMS 
wbich resulted in ioaccurate V speeds. 

FcdEx Air Opcrations Division Junc 1996 Taił Strikc Awarmess TraiDiDgS 



-11 FUGHTLVSZUUCTOR GUIDE 

0 Late or abrupt forward slip maneuver 
The recommended method for a crosswind landing is to fly the final approach 
in a wing’s level attitude with a crab into the wind. At approximately 200 feet 
AGL, align the fumelage with the =way by smoothly applying rudder 
pressure and lower the upwind whg to prevent drifting off runway 
centertine. In high crosswinds, consideration should be given to commencing 
the forward slip maneuver prior to 200 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 initiating a late or 
abrupt align maneuver. The align maneuver, commonly referred to as a 
forward slip, d reduce lift and if unchecked, wiU result in an increased sink 
rate. This will be demonstrated in the simulator. 

0 Earlyflare 
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 ufeeling for the runway.” It  is critical that pilots understand the dynamics 
involved in this situation. The autothrottles switch to the retard mode at 50 
feet radio altitude. In the retard mode, the throttles are retarded to idle a t  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 aircraft 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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• Late or abrupt fonrard slip maueuver 
Tbe reeommended metbod ror •• ro,swind IandiDg is to By tbelin.lapproacb 
iD a wing" levola_de _ a .rab iDto Ibe wind. At approximately 100 reot 
AGI. aIign tbe faselage wilb tbe ranway by .mootbly applyiDg rudder 
prelSUR Rad lower the upwiDd wiDg to prevent driftiDg olf runway 
centerłine. ID high erosnrinds. eoasideratioD .hollld be given to commencing 
tbe forw.rd slip .aneuver prior to 200 reet, ud iD aU eases, the fonvard slip 
,bould be ruDy establisbed by 100 reot AGI. 

Some taił strikes have occurred as a resuk Dr the pilot iaitiatiag • lałe or 
.brupt _ligo m.neuver. The .liga maneuver, commoDIy referred to as a 
forward slip, will reduce lift and if UDchecked, will reswt iD aD mcreued siak 
nte. Thil will be demollStrated iD the simulator. 

• Early flare 
The reeommended flaR tecbnique is to maiDtain a Jtabilized rupt path 
Ibrougb tbe SD and 40 root CAWS .. Uout (unl .... iDk rate is high). At 30 reot 
a ,mootb 1.5 degree flaro .bould be iDitiated 'o as ID arrive bel ... 10 Ceot iD 
the I.adiag attitude. Baek praluR .hould tben be relued uDdI toucbdołł'IL 

Some taił strikes have occarred as • Rlult Dr the pilot mitiatiag au arfy Ban 
and "feeliug for the runway." Ił is critical łbat pilots undentand the dyuamics 
invołved in tbis lituation. The autothrottles nvitc:h to the retard mode at 50 
fut radio aJtitude. la the retanl mode, tbe tbrottJes are retarded to idle at a 
pre-programmed rate without airspeed, verticallpeed, or radio altitude bias. 
Tbe pilot fiyiDg or tbe autopilot, jf selected, must maintaiD tbe appropriate 
glide patb to touehdown.lftbe aireraft is nared orły, tbe airspeed will decay, 
elevator effectivenełs wiU be reduee~ and a bigber pitcb attitude will be 
required making the piłch up tendency after touchdoWD more pronouaced 
and mon diffieult to eouateraet. Tbis wiU be demoDltrated in tbe simulator . 
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MiD-11 FLIGRTaVSTRUcToR GUIDE 

TAIL STRIKE AWARENESS TRAINING 
TRAINING DEVICE 

0 Instmctor note. 
In order to make maximum utilization of simulator time, tail strike awareness 
simulator periods have no preflighthckpit setup. The instnrctor will have the 
simulator fully configured for takeoff prior to the students atrival, i.e. on the active 
runway, all engines started, fins 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 a f k  touchdown. 

BEFORE TAKEOFF 
0 Review before takeoff checklist below the line. 
0 Save flight plan if able. 

TAKEOFF 
0 Review normal takeoff procedures. 
0 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 to the 
flight director pitch bar for guidance. The flight dirtctor pitch bar is not usable 
until approximately five seconds after nose gear strut extension. A two stcp 
rotation is not appropriate. Two step or segmented rotations will significantly 
impact takeoff performance i.e. 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 a i r d  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 
0 Revim normal after takeoff procedures. 

APPROACH AND LANDING 
0 Vector the aircraft for an ILS to 36L 

Multiple resets to the 6 NM final to runway 36L will be uscdas atime 
management tool. To eliminate the need for time consuming FMS programming, 
the runway 36L ILS (IOHNB58) should be hard tuned, and both NDs should 
@lay raw data. 
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TAn. STRIKE A W ARENESS TRAINING 

TRAINING DEVICE 

• lD.słnl:etor note. 
In order lo make maximum utili:zation of .imulatm time. taił SIrike awarene .. 
simulator pcriods blm: 110 prellightlcockpil setup. ne insttuctor will have !he 
simulator fully configured for takeoff prlor to !he """"""" anival, i.e. on !he active 
runway, alt engines started, ims łoaded (ICMEM to ICDFW) and !he before takeoff 
checklist compłete to Ibe line. 

Taił strik. aWlll1:n<ss simulator training is comprlsed of thrce individual scenarios. 
Each SCcnar10 i. designed to demonstmte a spccitic pilot conlrolled factor tbat 
affects pitcbing !lmden.y after touebdown. 

BEFORE T AKEOFF 
• Revi .... befo ... ta"'otr .beddist bel_ !he 1iD •• 
• San Oigbt plan lf abłe. 

TAKEOFF 

• RevIew norma! takeotr proced ...... 
• Reinfo...,e propcr rotalio. teeb .. ique. 

Tbe recommended rotation toebnique ls a 3 degree per _and rotation to aG initial 
pitch attitude of approximately 15 degrees. ne PF shouId Iheo transition lo !he 
flight dim:tor pilCh har ror guidance. Tbe lligbt dim:tor pilCh har is nol usable 
untilapproximately five seconcIs after nose sear smrt .xtension. A IWO step 
rotation iul!l! appropriate. Two step ar segmented rotatians will siguificaotly 
impao! takcoff performance i .•. required runway, second segmenI .limb gradients, 
and obstaełe cleanmce, II is. _, !he PF's responsibility to ensure lhal!he 
aircraft is acceleratlng propcrły and bas hecom. airborne passing 10 degrees of 
pitch attitudc. Ifthe aircraft bas not become airborne, possibly duo lo an inaccurate 
1Iep settinll, Slab setting, gross weight entty, or conwninatod wing, Ibe rotatioń 
shouId be stoppcd. 

AFTE!t T AKEOFF 

• Rm_ Borm_1 Ifter takeoff pro.edu ..... 

AFP~OACH AND LANDINO 

• Vector Ib •• in:raft for an ILS to 3óL 
Multiple resets to Ib. 6 NM fina! to runway 36L wiU be nsed as a tim. 
IIlII1lIII!cmenl too1. To climinate!he nsed for tim. C®Sunting FMS pmgramming, 
!he runway 36L ILS (lOHNI358) shouId be bard nmed, and both NDs sbauJd 
display raw data. 
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EARLY FLARE SCENARIO - 
0 Instructornote. 

The primary objective of this scenario is to demonstrate the dynamics of an early 
flare. The autothrottles switch to the retard mode at 50 feet radio altitude. In the 
retard mode, the throttles arc recarded 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. Ifthe aitcraft is 
flared early, the airspeed will decay, elevator cff 'ti~~~~ess will be reduced, and a 
higher pitch attitude will be rcquircd making the pitch up tendency a f k  
touchdown mom pronounced and mort difficult to counteract. Idcally this 
demonstration will increase the pilots understanding of the cornlation betwcen a 
high pitch attitude at touchdown and an increased pitch up tendency a f k  
touchdown. Additionally, ATS rctard logic will be stressed to encourage 
overriding the autotbrottles when needed. 

The setup for this demonstration is as follows: 

Position 6NMfinal 
Init runway 36L 
Visual h Y  
Ceiling Clear 
Visibility 48NM 
Wind calm 
AP and ATS h g a g d  

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 should take their hands off 
the throttles for the remainder of this demonstration. The PF should be dirtctcd to 
make a normal descent until 40 f t t t  RA, where an early flare should be 
commenced. The PNF should be directed to call out RA and pitch attitude. Tht PF 
should make every effort to remain at or above 20 f- RA until the PNF calls 10 
degrees of pitch attitude. The PF should then allow a sink rate to develop. At 
touchdown the instructor will move the spoiler handle to the GROUND SPOILER 
position. The pitch up tendency will be pronounced and difficult to counteract. 

Reposition the simulator to the 6 NM point. 

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

Repeat this demonstration with the other pilot flying. 
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EARL y PLARE SCENARlO 

• IDStntc:tor DOte. 
The primary objec1ive of!bis scenario is to demonstrate !he d)'Illllllics of an early 
fi-. The auto!brottles swiu:h to !he _ modo al 50 feet radio altitude. In !he 
_ modo, !he !brottl .. Bre _ed to idle al a ple-programmed rate wilbout 
airspeed, vertical speed, or radio altitude bias. The pilot llying or!he autopilot, if 
selected, mUSI maintain !he appropńate glide path to toucbdown. If!he aircraft is 
lIared early, the airspeed will decay, elevator elfectiveness will be reduced, and a 
higher pilCh attitude will be required mak ing the pilCh up tendency after 
touchdown moro pronouncod and moro clifficult to counteract. IdeaIly !bis 
demonstration will increaae !he pilots understanding of!he correlation between a 
high pilCh attitude al touchdown and an increased pilCh up tendency after 
touchdown. Additionally, ATS _Iogic will be stressed to encourage 
overriding the auto!brottles when needed. 

The setup for this demonsttation is as follows: 

Position 
lnitnmway 
Visual 
Ceiling 
Visibility 
Wind 
AP and ATS 

6NMfinal 
36L 
Day 
Clear 
48NM 
CaIm 
Engaged 

The AP and A TS should be engased and !he FOS pregramed to fly the ILS. At 
1000 feet AGL the AP should be disconnected. The PF should take Ibeir hands olf 
the !brottles for the remainder of!bis deroonstration. The PF should be directed to 
roake a DOrmal desccnt until 40 feet RĄ where Bn early flare should be 
commenced. The PNF sbould be directed to cali out RA and pilCh attitude. The PF 
should make every elfort to remain al or ahove 20 feet RA until the PNF caIIs 10 
degrees of pilCh attitude. The PF sbould then allowa aink rate to develop. At 
touchdown the instructor will move the spoiler handle to !he OROUND SPOILER 
poshion. Tbe pilCh up tendency will be pronouneed and clifficult to COunteract. 

Reposition Ibe simulator to Ibe 6 NM point, 

The second pan oflhis demonstration is set up identical to !he first except!bis time 
!he PF should make a nortual descent wilb only a slight f\are prlor to touchdown. 
The landing attitude sbould be less than S degrees resulting in Iittle Or no pilCh up 
tendency after touchdown. 

Repea1 !bis dernonstration with !he olber pilot flying. 
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MD-11 STUDENT GUIDE 

AST 6 

REVIEW 

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

DISCUSSION 
PAR 
Single FMC Operations 
Tail Strike Awarness during Takeoff 

I f  #2 engine fails, a conscious effort is required to prevent over 
rotation. Two engine rotation is 3 - 4" less than normal rotation (16" 
IS initial climb attitude to maintain V2). A failure of #2 engine will 
result in a pitch-up. an increased probability of tail stnke, and an 
airspeed decaying below V2. Fly pitch attitude do not chase the 
command bar. 

Autoflight Impact 
Configuration 

Dual Hydraulic Failure 

Power Plant Failure Second Segment 
Fuel Dump 
Two Engine Go-Around 
Two Engine INOF 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 0 100 AGL (Second Segment) 
Area Departure - (Memphis Four) 
FMS Procedures- Single FMC Operations 
Hdg to Intercept - RAD/CRS/AIRWAY 
Area Descent and Arrival - (Gilmore Arrival) 
Instrument Approaches 
PAR 
ILS Hand Flown to 100' AGL 
Missed Approaches 
Landings 
No Autoland 
One and two Engines INOP 
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MD-lł STt:DENT Gt:lDE 

TRAINlNGOBJECl'lVES 

AST6 

REVIEW 

PRE-BRIEF 
As reQuired to adequately address the training events to be cov­
ered during the period. 

DISCUSSION 
-PAR 
• Single FMC Oper.tions 
• Tail Strike Awarness during Takeoff 

• U #2 engine fail5, a conscious ełłart is required to prevent cver 
ratalion. Two engine rotatlon is 3 - 4"'e55 than normal rotatton (16" 
is ,"itial climb attitude to maintain V2). A tailure of '2 englne will 
result in a pitch-up, an increased probability ot tail stnke. and an 
airspeed decaying below V2. Fly pitch anitude do not chase the 
command bar. 

• Dual Hydr.ulic feilur. 
• Autoflight Impact 
• Configuration 

• Power Plant F.nure Second Segment 
• Fu.' Dump 
• Two Engine Go-Around 
• Two Engi"e INOP Approach and LIInding 
• Air System in Manual 

PROCEDURES AND MANEUVERS 

Normal and Abnormal Engina Starts 
Normal Takaotf (Night) 
Cr05Swlnd 
Anti-ice 
V1 Cut 
Tail Stoke Awamess ('2 Engine Failure on Takeoff) 
Engine Failure O 100' AGL (Second Segment) 
Araa Oeparture - (Mamphis Four) 
FMS Procedures- Single FMC Operations 
Hdg to lotoreopl- RAD/CRS/AIRWAY 
Area Oescent and Arrival • (Gilmore Arrival) 
Instrument Approaches 
PAR 
ILS Hand F!own to 100' AGL 
Missed Approaches 
Landings 
No Autoland 
One and two Engines INOP 
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MD-11 STUDENT GUIDE 

TRAINING OBJECTIVES 

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 
frocedure Turns 
VDP Computation 
Flap/Slat Schedule and Approach Configuration 

Pitch Attitude References 
Autopilot Disconnect / High Altltude Handling 

Stalls 
Characteristics 

Clean Configuration 
Takeoff Configuration 
Landing Configuration 

Tail Strike Awareness in the Takeoffbnding phase - Dis- 
cuss techniques to be avoided to prevent tailstrikes 

A pitch angle >12" on the PFD may cause a tail strike 
Nominal pitch angle at touchdown (1.25Vs) with zero rate 

A normal approach with flaps at 35' yields a 6' pitch 

At 1.3Vs the pitch angle will increase approximately 1". 
Tailstrikes can also occur in approaches with high rates of 

descent on shori final with an early flare, increasing pitch atti- 
tudes, and floating in an attempt at a smooth touchdown. 

High descent rates on final with late, abrupt flares can 
cause tailstrikes due to high rotational inertia forces 
The nose-up pitching forces generated by automatic ground 

spoiler deployment at main gear spin-up can also contribute to 
tail strikes 

Nose-up pitching forces are magnified i f  the automatic 
spoiler deflection feature malfunctions and goes to full deflec- 
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 scenario will be exaggerated and must be aggressively coun- 
tered if a tail strike is to be avoided. 

Steep Turns 

of descent and idle thrust will be at about 10" 

reference on the PFD - with flaps 50' the pitch is 5" 
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TRAL"'ING OBIECrIVES 

AST3 

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 MO-l1 
through hand 11ying exercises (no autoflight) and the use of 
only basic instrumentation (no FMS). 

DISCUSSION 
• Basic Instrument Procedures 

• Non Precision Approaches 
• Procedure T urns 
• VOP Computation 
• FlapJSlat Schedule and Approach Configuration 

• Pltch Attilude Ref_rene •• 
• Autopilot Oi.conn_et I High Altltude Handliog 

Characteristics 
• Stalla 

• Clean Configuration 
• Takeoff Contiguration 
• Landing Contiguration 

• TaU Strike Awere" ••• in lhe Takeoff/Landing phas •. Dis­
cuss techniQues to be avoided to prevent tailstrikes 

• A pitch angle > 12° on the PFO may cause a tail strike 
o Nomlnal pitch angle at touchdown (1.25Vs) with zero rate 

of descent and idle thrust will be at about 10° 
o Anormai approach with flaps at 35° yields a 6" piteh 

referenee on the PFO - with flaps 50° the piteh is 5° 
o At 1.3Vs the pitCh angla will increase approximately ,0. 
• TaiJstrikes can also occur in approaches with high rates ot 

descent on short final with an eaMy Ilare, increasing pitch atli­
rudes. and floating in an attempt at a smooth touchdown. 

o High descent rates on finał with late. abrupt flares can 
cause tailsttikas due to high rotatio08I inenia forces 
• The nose-up pjtching forces generated by automatic ground 

spoiler deployment at main gear spin-up can also centribute 10 
tail strikes 

• Nose-up pitchi"g forces are magnitied ił the automatic 
spoiler deflection feature malłunctions and gees to fuli deflec­
tlen on main gear spm-up rather than delay,"g unti! the nosa gear 
is on the ground. The nose-up pitching moment generated in 
th,s scena rio will be exaggerated and must be aggressively coun­
tarad ił a tail strike is to be avoided . 
• Steep Turns 

Federtll Express F1tghl Trainrng AST 3-1 APRJL 1996 



MD-11 STC'DENT GUIDE 

REVIEW 

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

OBJECTIVE: 
Practice key maneuvers and procedures crttical to 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 

Two engine inop approach and landing. 
Landings with forward or aft COS. 

multiple engine failures 

An aircraft with forward CG is more stable than an aircraft with aft 
CG! With forward CG (a common revenue configuration) column 
travel required for flare will be greater than normal, and if the nec- 
essary travel is not applied, a harder than anticipated landing may 
result. Note: elevator force remains essentially unchanged be- 
cause the elevator load feel system is designed to compensate for 
the CG influence on elevator control forces. 

PROCEDURES AND MANEUVERS 

Flight Deck Preparation and Flows 
Normal Checklist and Procedures 
Normal Engine Start and Taxi 
Takeoff - Night (No Autoflight) 
V l  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 
Normal After Landing / Shutdown /Termination 
Load Panang arcing approach (explain the MCDU line entry 
for the arc maneuver) 

MD-ll STUDENT GUIDE 

1RAJNlNGOBJECTIVES 

AST9 

REVIEW 

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

OBJECT1VE: 
Practice key maneuvers and procedures crtłical to sate operation 
01 the aircraft. At the end ot this period the student should have 
s8tisfactory commanded ot the maneuvers and procedures iden­
tiflsd belowand be ready tor loe Progress Chack. 

OISCUSSION 
• Abnormal traffic patłer" operations caused by single or 

multiple engin. failur •• 
• Two engine inop approach and landing. 
• Landings with forward Dr aft CG •• 

An aircratt with torward CG is more słable than an aireratt with aft 
CG! With forward CG (a common revenue contiguration) colum" 
travel reQulred for flare will be graater than normal, and if the nec­
esssry travel is not applied. a harder than anticipated landing may 
result. Note: elevator torce rema;ns essentially unchanged be­
cause the elevator load fe91 system is designed to compensate for 
the CG influence on elevator control torces. 

PROCEOURES AND MANEUVERS 

Flighl oeek Preparation and Flows 
Normai Checklist and Procedures 
Normai Engine Start and Taxi 
TakeoH - Night (NO AUloflight) 
V1 CUI 
Area Oepartura 
$teepTums 
Takeotf Configuration Stall 
Area Descent and Arrival 
ILS Approach - One Engine Inoperative to 100 • OH 
Missed Approach - One Engine Inoperative 
Landings at CG limits 
PAR Approach 
Two Engine INOP Approach and Landing 
Normai After Landi"g I Shutdown I Termination 
Load Panang arcing approach (explain the MCOU line entry 
for the arc maneuver) 

FEDEXAllIOPEIiA110NSD/VlSION AST9-1 AI'/CJL '>YO 
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NTSB Identification: ANC95FAOO8. The docket is stored in the ( o f h e )  NTSB I m a p g  System. 

Nonscheduled 14 CFR 121 operation of FEDERAL EXPRESS, MC 
Accident o c c d  NOV-04-94 at ANCHORAGE, AK 

Aircraft MCDONNELL DOUGLAS MD- 1 I f f ,  registration: N611 FE 
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 AlTITUDE OF THE AIRPLANE VARIED APPROXIMATELY 2 DEGREES WITH CORRESPONDING 
ELEVATOR POSmON 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 h4AXMUM 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 RECOVERY. 
Probable Cause 
THE FLIGHT CREW'S IMPROPER RECOVERY FROM A BOUNCED LANDING. FACTORS ASSOCIATED 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. 

Full osrrative available 

1.11Jes for No\* I994 I Index of Months 0 

2: 10: 10 PM 

ANC95FA008 

NTSB ldentificahon: ANC95ł'AOO8. The docket is słored in the (offline) NTSB lmaging System. 

Nonscbeduled 14 CFR 121 operation of FEDERAt EXPRESS,lNe 
Aceident occuned NOV-04-94 at ANCHORAGE, AK 

Aircraft: MCDONNELLDOUGLAS MD-IIIF. registration: N6J IFE 
Injuries: 2 Uninjured. 

Page I of I 

ACCORDING TO THE FLIGHf DATA RECORDER. WHEN 50 DEGREES OF FLAPS WERE SELECTED AT 985 
FEET AGL, TIłE FlR.ST OFFICER. WHO WAS FL YING TI-IE AIRPLANE. DID NOT sr ABILIZE THE APPROACH. 
THE PITCH ATIITIJDE OF TIłE AlRPLANE V ARIED APPROXIMA TEL y 2 DEGREES wrrn CORRESPONDING 
ELEVATOR POSmON CHANGES. AT 40 TO.sO FEET THE PITCH A TTł11JDE OF THE AIRPLANE WAS 
DECREASING. TIłE CAPTAIN STATED HE FELT A HlGHER THAN NORMAL RATE OF DESCENT AT 20 FEET 
SD HE GRABBED THE YOKE AND PUlLED BACK. THE AIRPLANE LANDED HARD. BOUNCED, AND 
OSCll.LATED AT LEAST TIiREE TIMES, REACłflNG A MAXIMUM PITCH UP ATIITUDE OF 12.3 DEGREES. 
THE T AIL STRUCK TIiE RUNWAY DURJNG nIE QSCILLATIONS. THE CAPT AIN DID NOT USE VERBAL 
INSlRUCTIONS AS REQUIRED BY THE FLIGHT MANUAŁ AND COMPANY PROCEDURES, WHEN TAKING 
eONTROL OF THE AIRPLANE. BOTH Pll.OTS WERE MANIPULATING THE CONTROLS DURING 1HE 
BOUNCED LANDING RECOVERY. 
Prob.ble Cause 
THE FLIGHT CREWS IMPROPER RECOVERY FROM A BOUNCED LANDING. FACTORS ASSOClATED WITH 
THE ACCIDENT ARE THE FIRST OFFłCER'S LACK OF F AMILlARITY WlTH TIłE AIRPLANE, WS F All..URE TO 
STABILIZE TIłE APPROACH. AND THE CAPTAIN'S DELA YED REMEDlAL ACTION. 

Fuli OSTYativ!! available 

Jude"'\: for No\' 19941lndex ofMonthit O 
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ANC95FAOOB 

HISTORY OF FLIGHT 

On November 4,1994 at 1125 Alaska standard time, a McDonnell Douglas, MD-11 auplane, N61 IFE, operating as Federal 
Express flight number 016, experienced a hard landing at Anchorage International Auport 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 12 1. departed Kansai. Japan, on an instrument 
fight rules flight plan. The destination was Anchorage. Visual meteorological conditions prevailed. The Captain and the 
First Of€icer, 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 n o h g  
unusual. At 50 feet above the ground e v e  looked normal, but at 20 feet the Captain stated he perceived an increase in 
the airplane's slnk rate. He and the first officer (the €lying pilot) both pulled the yoke back. The airplane ht 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 
was scraped and dented. There were small puncturelscrape holes in the skin. The aft pressure bulkhead and supportmg steel 
structures were crushed and bent. The VHF antenna, located on the underside of the tail section. was shearzd off. 

PERSONNEL INFORMATION 

According to Federal Express flight crew records log, the Captain was hifed 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 transitiodupgrade training to the MD-11 airplane. On October 28.1992 he completed fus h t i a l  
Operating Experience (IOE) as Caprain on the MD-I 1. According to Federal Express records. the Captain had 1216 hours 
in the MD- 11 airplane. 

According to Federal Express flight m w  records log, the First officer was hued 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 3 1,1994, he received transitidupgrade 
training on the MD-1 1 airplane and completed his IOE on October 13,1994. According to Federal Express records, the 
First Officer had 56 hours in the MD-11 auplane. The h t  Officer stated, t h ~ s  was his third landing afkr his IOE. 

FLIGHT RECORDERS 

The cockpit voice recorder and flight data recorder were retrieved and sent to NTSB HeadquPrters, Washington, D.C. for 
readout. The cockpit voice recorder did not contain my pertinent mformation. 

The flight data fccordcT was deciphered md analyzed. The vertical rate of descent information (VSPD) was not valid on the 
main readout and was computed by the NTSB HQs fl@t data recorder analyst by using the altitude and time readouts. This 
mformation was portrayed on a chart (included) and at 100 feet above ground level (agl), the rate of descent increased to 
just over lo00 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 auplane was 50 feet above the ground. At t h ~ ~  point the 
auplane's pitch attitude was 2.11 dew up. 

A review of the pitch attitude during the approach showed that the auplane's pitch attitude was approximately 3.87 degrees 
d e  flaps were selected and set at 35 degrees. The flight data recorder readout frame count number 115 shows that flaps 
were at 39.73 1 degrees whch shows a transitory position. The pitch attitude of the auplane reached 4.57 degrees. At 785 
feet agl, the flaps reached the selected 50 degree position and the auplanes's pitch attitude reduced to 2.1 1 degrees. From 
frame count 115 to frame count 127, the airplane's pitch attitude varied from a low of 1.41 degrees to a hgh of 4.57 degrees. 
There were two cycles of variation and at fiame count number 127: the pitch attitude was decreasing through 2.46 degrees 
to reach a low of 2.1 1 degrees. 

5/28/98 1:07:55 PM 
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ANC95FA008 

HlSTORY OF FLIGIIT 

On November 4, 1994 at 1125 AJaska standard timc, a McOonneU Douglas, MO- ł ł airplane, N611 FE, operating as Federal 
Express fligbt numbcr 016, expenenccd a hard łanding at Anchorage lotemational Airport while landing on runway 6R. 
Anchorage, AJaska. The airplane landed bard and bounccd. The tail struck tbe runway's surf~e. The airpłane was 
substantiaUy damaged. The aU cargo flight., operating undcr 14 CFR Part 121, departcd Kansai, lapan, on aD instrument 
flight rules flight plan. The dcstination was Anchorage. Visual meteorologicał eonditions prevailed. The Captain and tbe 
First Officer, the onJy occupants, wen: not injured. 

According to the crew, they wen: foUowing a Japao Air Lines Boeing 747, whicb preceded łbem by aD estimated 3 m.iles. 
The Federal ExpTCSS crew was clearcd for a visual approach to runway 6R and tbey used tbe ILS coursc for guidance. The 
Captain stated łbat the airplane Oew through a tiule bit ofturbulence wbcn crossing the shoreline but it was notbing 
unusual. At 50 feet abow the ground evctything looked normal, but at 20 fcel the Caplain stated he perceived aD increase in 
tbe airplane's siak rate. He and the first officer (the flying pilot) both puUed the yoke back. The airplane hit tbe runway and 
bounccd upwanł. The DOse ofthe airplane began to pitch up and tbe crew pusbed the yoke forwani. The tail then struck the 
grouad. The nose began to respond, and they łandcd DonnaUy. 

DAMAGE TO AIRCRAFT 

The airplane received substantial dam.age. Approximately 32 feet of lower fuselage skm on the underside oftbe tai.! section 
was scraped and dc:nted. There were smaU puncturelscrape boles in tbe skin. Tbe aft pressure bulkhead and supporting steel 
structures were crusbed and bent. The VHF aDtenna, localed on the uoderside of tbe tail section, was sheared ofr. 

PERSONNEL INFORMATlON 

According to Federa1 Express Hight crew records log, tbe Captaio was bired and received his basic indoctrmatlon into 
FederaI Express on Seplember 1, 1967. He has functiooed as a Captain on the Boeing 727 aod 747 airplanes. On August 
25, 1992, be received transitionlupgrade training to the MD-II airplane. On Oclober 28, 1992 he completed his lnibał 
Operating Experience (JOE) as Captain 00 the MI).. J l. Accordillg to FedeTal Express records. tbe Captain bad 1216 hours 
ID tbe MD-II airplane. 

According to Federai Express fligbt crew records log. the First officer was bircd and received bis basic indoctrination to 
Federai Express on Febnwy 12, 1988. He was assigned to the Boeing 727 as a seeond officer 00 March 3, 1988. On 
February 8, 1989 he was assigned to the OC-lO as a seeood officer. On AUgus131, 1994. he received transitionlupgradc 
tralning on rhe MD-ll airpJane and com.płeted his IOE on October 13. 1994. According to Federai Express records, the 
First Officer had 56 hours in tbe MD-II airplane. Tbe fust Officer stated, tbis was his third landing after bis IOE. 

FLIGHT RECORDERS 

The cockpit voice recorder and flight data recorder were retrieved and sent to NTSB Headquarters, Washington, D.C. for 
readoul. The cockpit voice rccorder did not contaln any pertinent informatloo. 

The fligbt data recorder was decipbercd and analyzed. Tbe verticał rate of desccnt information (VSPD) was not valid on the 
main readout and was computed by the NTSB HQs fiight data recorder anałyst by using the altitwie and time readoulS. This 
information was portrayed on a chart (included) and at 100 feet above ground lewi (agl), the Fate of descent increased to 
Jusł over 1000 feet per m.inute witb a oose piteh up attitude of2.46 dcgrees. Tbe rate of descent then dccreased to 850 fcet 
per minute and again increaserl to 900 fcel per minute wben the airplanc was 50 fcet abow the ground. Al this point the 
airplane's pitch attitude was 2.11 degrees up. 

A review oftbe piteh attitude duriDg tbe approacb showed that!he airplane's pitch attitude was approximately 3.87 degrces 
while flaps were sełected and set at 35 degrees. 1be rugbt data recorder readout frUDe eouol number 115 shows that Oaps 
were at 39.731 degrees wbich sbows a transitary position. The pilch attitude of tbe aiJplane reached 4.57 degrees. At 785 
fcet agi, the fIaps reached the sclcctcd 50 degrce positioo and the airplanes's pilcb attitude reduccd to 2.11 degrees. From 
frame eount 115 to frame eount 127, tbe airplanc's pilch anitude varicd froDl a low of 1.41 degrees to a high of 4.57 degrees. 
There wen: two cycles of vanalion and at frame count number 127; the piteb attitude was decrcasmg Ihrougb. 2.46 degrees 
to reacb a law of 2. II degrees. 
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The flight data recorder elevator positions were examined and were found to fluctuate with the pitch attitude changes. The 
auplane's pitch attitude would reach its maximum deflection approximately 1 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 60m 
2.1 1 degrees to 2.8 1 degrees. The elevator position dormation 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 fight data recorder readout shows elevator deflection varying to 
positive pitch up two more times before going to a negative position for the completion of landing. 

According to McDonnell Douglas 
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 spoilers 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 dormation is excerpted h m  the flight data recorder readout and shows the relationship between the fiame 
count, average elevator position betwan left and right and inboard and outboard elevators, spoiler position, and auplane 
pitch attitude. 

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

129- 7.316 3.168.004- 11.7974.22 - - 8.239 7.03 9.147- 2.198 8.44- initial 130--0.6367 5.27 7.828 - 151593.16- 
- 5.031 7.73 27.090 second - -7.66 12.30 -- 131 - -10.282 9.84 26.387 thrd + final 

and Federal Express, Inc., the Mp 1 1 has a tendency to pitch up when the 

- 11.6875 4.22--- 15.15-0.35 26.739--7,2940.70-- 132--14.613 0.00 58.667 

This dormation 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 fight exomination of the avplane 

TESTS AND RESEARCH 

Flight simulator tests conducted at the Federal Express Training fachty, Memphs. 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 spm 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 f b m  pitching up. The pilot had to anticipate this control input If the 
pilot waited for the nose of the airplane to begin movement in any direction, his umtrol input effect was gnatty diminished. 
The control input effcctivencss was also af€ected by the position of the airplane's center of gravity. Ifthe center of gravity 
was near the fwwud position, the control input took a longer time to effect a change in the momentum of the nose pitchug 
rate. Conversely, when the center of gravity was near the rear h i t ,  the control 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 aerodynamic 
chord). Aocording to the Captain, the airplane's landing center of gravity was 23 percent of MAC. 

A demonstration by the compray 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 th~s 
by removing his hands fiom the fight controls upon touchdown. 

A pilot not rated in the MD- 11 airplane flew an unstabilued 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 
manewer oommonly tamed as a pilot induced oscillation. The tail did not strike the runway during h s  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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Tbe flight data recoroer elevator positions were examined and were fouod to fluctuate witb tbe pilch attitude cbanges. The 
airplane's piICb anitudc would reacb its maxmmm defłectioo approximately I s~ood aftcr thc maximum elevator iopUI. 

Thc fłigbt data recorder readout sbows thal between 55 and 40 fcet agi. thc airplaoe's pitch attitude was increasing from 
2.11 degrees to 2.81 degrees. Tbc elevator position information sbows a posirive mcrease in elevalor posirioo. The pitch 
attitude oftbe airplane conlinued to increase to 8.44 degrees unriI ground contacr. UpOD ground CODtact. tbc elevator 
position began decreasing from its positive deflection. Tbe fligbt data recorder readout shows clevator deflectioo varying to 
positivc pitch up two more times before goiog to a negativc posirion for the complctioo of landing. 

According to McOonncU Douglas Aircraft. and fcderal Express. Inc .• the MD-Il bas a tendeocy to pitcb up wben the 
spoilcrs cieploy. The spoilers were desigoed to cieploy onty to Ibe half position at main wbeel spin up and if the thronles 
were retarded lo less than 46 degrecs ofthronlc travcl. lbis was designed to reduce thc pitch up effect According to the 
fligbl data recorder readout infonnation. thc spoilers did not deploy upon mitial ground contact. lbrott1c positioD travel was 
approximateły 31 degrees. The spoilers did cieploy to the half position upon the second touch down ofthe main whecls The 
foUowing information ls excerpted from thc lligbl data recorder readoul and sbows tbe telationsrup between the frame 
count, average elcvator position between Icft and rigbl and inboard and oulboard elevators. spoilcr posltion. and airplane 
pitch anitude. 

frame count avg elev pitch spoiler grud cootact DO. position attitude position 

129 - 1.316 3.16 8.004 - 11.1974.22 - - 8.239 7.03 9.147 - 2.198 8.44 - initial130 - -0.6367 5.27 7.828 - 15.1593.16-
_ 5.031 1.13 21.090 second - -1.66 12.30 - 131 - -10.282 9.84 26.381 third + finał 

_ 11.68154.22 -- - 15.15 -0.35 26.139 - -1.294 0.10 -- 132 - -14.613 0.00 58.661 

lbis information shows Ibat thc airplanc's pilch anitudc responded to the control mpułs selccted by tbc fligbt erew. 

WRECKAGE AND IMPACT INFORMATJON 

There was DO wreckage or debris OD the runway aftcr landing. 

The damage to the airplane was discovcred during the maintcnanec crews post rugbl cxamination of thc airplaDe. 

TESTS AND RESEARCH 

Fligbt simulator tests CODducted al tbc Federai Express Training facility. Memphis. Tennessee. sbowcd łbat the airplane had 
a pronounced tendency for thc DOse to pitch up upon main gcar toucbdoWD. The nose pitch up Icndency was exaggcrated by 
thc deploymenl of the spoilers which occurred upon main laoding wbeel spin up. Upon main landing wbeel spin up. the 
spoilers deployed to tbe half deploycd position. 

The slmulator tests distinctly showed that upon main gcar touchdowo and spoilt!r deployment. the flying pilot bad lo 
physicaUy pum the yokc forwanł to prevcnt tbe nose from pitching up. The pilot had to aoticipate tbis contral inpUl li tbc 
pilot waitcd for the nose ofthe airplaoe to begin movement in any direction. his cootrol input effect was greatły diminisbed. 
The controi mput effectiveness was also affected by the position ofthe aiJplane's center of gravity. ffthe center ot gravity 
was Deat tbe forwanł position, the controI input took a longer time to effect a change in the momentum of the nose pitching 
rate. Converseły. when the center of grav:ity was near the rear limit, the cootrol input mote quickły cffectcd a change. 

Tbc nominał center of grav:ity range for the MD-ll airpłane dunng Iaoding is 25 to 21 percent ofMAC (mean aerodynamic 
chord). According to thc Capłain. the airplaoc's landing center of gravity was 23 perceot of MAC. 

A dcmonstration by tbc company Ml)..ll instructor pilot showed łbat if a stabilized approach was łlOWD and thc toucbdowo 
was nonnal. łbe nose ofthe airpłane pitchcd up and stabilizcd at approximateły 10 degrees nose up. He demonstrated this 
by removmg his hands mm the tligbt controls upon touchdowo. 

A pilot not rated in the MD-ll airplane tlew an unstabilized approacb and upon touchdowo did not anticipate the pllcb up 
tendency. The nose oftbe airplane pitcbed up at touchdown and fuH forward control mput was applicd before thc pitcb up 
mOVCtncot was am:sted. At \bis point thc nose oftbc airplane began to drop rapidly loward thc runway. The pilot entered a 
maneuvcr commonJy łermcd as a pilot induecd oscillation. Tbc taiI did not strike the runway during this maneuver. Mcr 
three to four piteh oscillltions. the main landing gear toucbed the runway and the pilot applied immediale fuH forward yoke 
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and the airplane landed normally and stayed on the runway. 

Page 3 of 4 

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 dormation during training referencing tail strikes. 

Examination of the MD-11 Flight Manual, page 7-1 13, under the section titled "Tail and Wing Clearance," subsection 
"Landing." revealed the following statement, "Attempting to make the smoothest landing possible can result in decreased 
clearances whch in turn could result in a tail strike." The section further states that hgh descent rates on short final could 
lead to late or euly flares which could also lead to a tail strike. The Flight Manual recommends against aerodynamic brakmg 
due to the increased possibility of a tail strike. The Manual states "Another contributor to tail strikes during landing is the 
nose- up pitching force generated by the automatic ground spoiler deployment at main gear spin-up. This is quickly noted 
and pilots arc taught to compensate for it during initial transition training. It then becomes part of the MD- 1 1 pilot's 
reflexes. Spoiler pitch-up is still present during every landing, and must be counteracted. If touchdown does occur with 
higher than normal pitch attitude, the nose should be lowmd promptly to prevent spoiler deployment from further 
increasing the pitch attitude...." "In short there is not a substitute for a well- executed, s t a b h d  approach to position the 
airplane for proper flare, touchdown at the proper spot md 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 &de 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 
alrplane 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 Anport. ILS runway 6R. the descent angle for the 
&de slope is 3.0 degrees. The Captain and First ofticer both stated that the airplane was on course and on &de 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 h m  2000 f a t  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 td strike awareness is taught and the training objectives coincided with 
the dormation in the airplane fight manual. However, the 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 Aircrrft, those are nominal numbers for the fight 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 s tabhed approach. "considering the size of t h ~ s  
airplane." 

The traaning program also listed a section dealing with t r d e r  of airplane control. The training program did not list any 
specific method for performiag the transfer of airplane control. However. on page 7-7 of the MD- 1 1 fight mmual. 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 fight operations, if 
the First ofticer is controlling the airplme and the Captam becomes concerned about the airplane's fight path or ground 
track, the Captain must take physical control of the airplane and state 'I have the airplane.' The First ofticer 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 Federat 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 Wte to implement training procedures based upon dormation 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 updrte information faster by getting the publications directly fiom 
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and the airplane landed normally and slayed on the runway. 

Examination ofthe company's training program showed that tad strike awareness is discussed. The Captain and Ule First 
()fficer both stated during their intetViews that they re<:eivcd monnatioo during training refereocing tail strikes. 

Examination ofthe MD-Il Fligbt Manuał. page 7- ł 13. under the seclion titled "Tal] and Wing Clearaoec," subsection 
"Landing," reve.led the foUowing statement. "Attcmpting to make the smoothesllanding possible can result in decreased 
clearances wruch in tum could result in a tail strike. ft The sectioo further stales that higb desceot rates on short final could 
lead to latc or carły flarcs whicb could also Icad to a taił strike. Tbe Fligbt Manual recommends against aerodyoamic braking 
due to the increascd possibility of a tail strike. The Manual states "Another contributor to tail strikes dunog landing is the 
nose- up pitching force generated by the automatic greund spoiler deployment at mało gear spin-up. This ts quickly noteci 
and pilots arc taugbt to compensate for ił dunog initial traosition training. It then becomes part of the MD-l1 piłot's 
reflexes. Spoiler pilch-up ts still prcscnt during every landmg, and must be couoteractcd. lftouchdown does occur with 
higber than nonnal pitch attitudc, the nose should be lowered promptly to prcvcnt spoiler depłoymcnt from furtber 
increasing the pitch attitude .... " "In short there is oot a substitule for a weB- executed, stabilized approach to positioo the 
airplane for proper tlm:, louchdown at the proper spot and stopping while there is runway remaining." 

The Fligbt Manual further stales that a norm.allandmg configuration would give the airplane a vertical rate of descent 
between 650 and 80Dfcel per mioule. The pilch attitudc sbould be 5 degrecs with tbe Oaps set at 35 degrces, a mid ecnter of 
gravity, while on a 2.5 degree glide slope descent mgle. The use of 50 degrec:s offiaps will rcduce the pltch anltude by I 
degree. The manual also staIeS chat the pitch attitudc necessary to anam a near zero rate of descent under the described 
conditions would normally be 8 lo 9 degrees. 

According to thc tligbt data recorder wormation, che airplane had a pilch anitude of 4 to 5 degrees while the fiaps were 
extended to 35 degrecs. Approxim.tely 850' above che greund. 50 degrces off1ap werc selected and the pitch anitude of the 
airplaue rcduced to approximately I degrce and coutinued to 'lary throughout the approacb. The variation was betwceu 2 
and 4.5 degrecs uotiJ the event 

According to the instrument approach plate for Ancborage International Airport. ILS runway 6R. the descent angle for che 
glide slope is 3.0 degrees. The Captain and Fint Officer both stated that the airplane was on course and on glide slope. The 
average rate of desceot for the airplane during the approach. up until the time of the evenl was 856. 73 fcet per minute. 
Howcver. the rates of descent varicd &om 2000 fcel per mmute to a climb of350 fcet per mioute. These rate of descenl 
points were takcn from the point wcrc 50 degrees of tlaps were applicd. 

Examioation ofthe tralning program showcd that taił strike awareness is taugbt and the ttaining objcctives coincidcd with 
tbe mormalioo in the airplane tligbt manuał. However. the training objective stared łbat with 35 degrees of Oaps extended 
the pitch anitude dunng approach should be 6 degrees; at tlaps set to 50 degrccs, the pltcb attltudc should be 5 degrccs. 
There is no reference to descent aogle. 

Acconłlng to a represcotative of McDonneU Douglas Aircraft. tbose arc nominał numbers for the tligbt crews to show an 
example ofthe approach sigbt plCturc. Ił was statcd that a stabiliz.ed approach ts very important and łbat a 2 degrcc variatioo 
ofthe pilch attitude during the final phascs ofthe approach is not a very stabilized approacb. "considering the size ofthis 
airplane." 

Tbe training program aIso listed a section clealing witb transfer of airplane centro!. lbe training program did nol list any 
specific method for performing the transfer of airplane control. However. on page 7-7 of the MD-II fligbt manuał. a 
specwc proccdure for the transfer of airplane control is listed. AccordiDg to the Federal Express Fligbt Operabons Manuał, 
pagc 2-10. there is a discussion about airplll1e coutrol. It states in part.. "At any time, during ground or fligbt operabons, if 
the First Officer IS controlling the airplane and the Captam becomes coucemed about the airplane's fligbt path or ground 
track, the Captain must take physical control ofthe airplane and state 'I bave the airplane.' The First Officer musI tben 
completcly relinquish controI of the airplane." lbe Captam did not use any verbal COIDmaO(ls in this accldcnt to acquire 
control of the airplane. 

DlscUSSioos conducted with the Federa' Express Training Department and the Standaroization Department revealed that the 
standardization department was responsible for the informatioo taugbt by tbe trainiog department. Tbe Training Department 
stated tbat they had trouble getting the most curreot lnformation tbrough their company distribution system. Tbe training 
department indicated that tbey would like to implement training procedures based upon informalion given in tbe various 
McDonnell Douglas publications. such as "AU Operator Letters" and "K.now your MD-l t .. leners. lndividualmstn1ctors iD 
the Training Departmeot stated tbey receive the update lnformation faster by getting the publications directly from 
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McDonnell Douglas Aircraft. 

The distribution of these publications, withm Federal Express, is handled by the Standardization Department. One 
individual in the Standardization Department is responsible for 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 quality of training. However, the Standardization Department is responsible for the cumculum dormation 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 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 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 wry for the fight crew to determine whether the strut has been correctly 
serviced. The traditional method of strut extension examination, as used by most fight crews, is not a valid method for 
determiniog correct servicing. The amount of shut extension is dependent on many factors, such as airplane gross weight, 
terradramp 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 seiviced correctly during maintenance. it should operate 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- 1 1 airplane. 

They do believe that the rebound potential mated by the over servicing could assist in aggravating a pilot induced 
oscillation during an unstabllitcrl touchdown. According to Federal Express, the main landing gear struts are checked only 
when the airplane gets a "B" maintenance check. T h m  is no way for the flight crew or line maintenance crew to determine 
ifthe struts have been properly serviced. Federal Express did not have a written procedure in place, for flight crews or b e  
maintenance crews, to determine the servicing level of the main landing gear struts. 

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

Return to wnumis - 
L 
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McDonneU Douglas Aircraft. 

The distribution of thesc publications, within Fcdcral Ex.prcss, is bandlcd by the Standardization Dcpartmcnt. One 
i.ndividual in the Standardization Departmcnt is responsible for reviewing the documentslpublications and routing tbe 
documents to tbeir destinations such as maintcnance. operations, ar traimng. 

According to the Standardization Dcpartmcnt Manager, the company separated stand.ardization and trainmg as a method to 
cbcck tbe quality of tralning. Howcvcr, the Standardizarion Dcpartment 1S responsib!e for tbe curriculum infonnation sent to 
tbe Training DepartmeDł. The manager statcd, "they tcacb onJy what we teU łbem to teach." 

Thc:rc was no wrinen proccdure for tralning program devclopmcnt or distribution of publications. 

ADOmONAL lNFORMA nON 

The MD-Il airplane is equipped witb a dual chamber, main laoding geat, sbock strut. lfthis strut is not serviced correctly, 
it may causc tbe airplane to rebound more than usual during landing. The landing geat struts on the accident airplane were 
examined and found to be over serviced witb botb fluid and nitrogen. According to McDonnell Douglas Aircrafl:, tbis strut is 
vet}' difficult to seIVice and tbere tS no simple w.y for tbe fligb.t erew to determine wbetber the strut has bcen COJTcctly 
serviced. The traditional method of strut ex.tcnsioo examination, as wed by most tlight crews. Is oot a valid method for 
detcnnining correct servicing. The amount of struł e"tension is dependent on many f.ctors, such as .uplme gross weigbt. 
terrain/ramp slope. or fuelload distributioo. These elcments may lem to uneven struł extension. McDonneU Douglas 
Aircraft stated tbat ifthe strut is not leak.ing oil, md ił was serviced corTCCtly during maintenance, it should operate properly. 

According to McDonneU Oouglas Aircraft, they do not fcel that the landing gear strut over service problem has beco 
attributed to the cause of any taił sbike in the ~ II auplane. 

They do believc tbar the rebound porenli.1 creared by the over servicing could assist in aggr-avating a pilot induced 
oseination during an unstabilized touchdowo. According to Fcderal Express, the main landing gear struts are checked ooły 
wben tbe airplane gets a "B" maintenance cbeck. There is no way for the tligbt crew or line maintenance crew to determ1ne 
ifthe struts have been properly serviced. Federal Express did not have a wrinen procedure in place, for łligbt crews ar łme 
mamtenance crews, to detennine the servicing level of the main landing gear struts. 

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

Rerutn to synopsis 
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NTSB Identification: ANC96FAO72. The docket is stored in the (ofllme) NTSB Imaging System. 

Nonscheduled 14 CFR 121 operation of FEDERAL EXPRESS 
Accident o c c u d  MAY-16-96 at ANCHORAGE. AK 

Aircraft: McDonnell Douglas MD- 1 1-F, registration: N614FE 
Injuries: 1 Minor, 1 Uninjured. 

MD-11 was c l d  visual approach (apch) to maway (rwy) 24R 3 mi ( 1  min) behind Boeiog 747 (landing on rwy 24L). 
Rwys were 550 ft apart with rwy 24L threshold strggered 4300 ft  beyond that of rwy 24R MD-11 captain (capt) uscd 
VASI, which had 3.25 deg glide path. On final apch, 21 kt left crosswind diminished to about 5 kts. From 100 ft agl, 
MD- 1 1 exhibited left, then right roll & slight yawing. About 50 ft agl. MD- 1 1 entered high sink rate. Capt began go-around 
& raised nose. Lower afl fuselage h t  rwy & MD- 1 1 bounced. Capt discontinued go-around; MD- 1 1 bounced two more 
times; sustained damage to afl pressure bulkhead. Last 20 scc of flight, MD- 1 1 averaged 1380 Wmin rate of descent, 152 
kts, 5.12 deg apch angle. MD-11 flight manual discussed visual apchs, go-around procedure. & taiywing clearance issues, 
but operator did not have formal tdstrike awutllcss training for MD- 1 1 pilots. After accident, operator developed tail strike 
awareness training program that included bounced landing recovery & simulator training, & limited pitch attitude to 7- 1/2 
deg for recovery h m  bounced landing. AIM recommended that for landing behind larger acft on parallel rwy, closer than 
2500 ft, stay above larger acffs flight path. Tower controller did not issue precaution for wake turbulence. 
Probable Cause 
the pilot's improper in-fight planningldecision, which allowed the airplane (MD- 1 1) to encounter wake turbulence h m  a 
largerheavy jet airplane (BOeiag 747). while w a short final approach for landing on a close-by/parallel nmway with a 
stoggcred threshold. Factors relatiog to the accident wen the staggered/off-set runway thresholds, whch positioned the 
normal approach path of runway 24R below that of runway 24L; the steeper than noma1 final approach path; aod the left 
crosswind, which resulted in wake turbulence d h g  fiom the Boeing 747's approach path to the MD- 1 1's approach path. 

Fu~n-~~~!i;ve.i!.~!!~~b!~ 
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NTSB Identification: ANC96F A072. Thc docket is stored in the (offiine) NTSB łmaging System. 

Nonscbeduled 14 CFR 121 operabon ofFEOERAL EXPRESS 
Accident occurrcd MA Y·I6-96 at ANCHORAGE, AK 

Aircraft: McDonneU Douglas MD-II-F, registration: N614FE 
Injuries: l Minor, I Uninjured. 

page l oC I 

MD-ll was elcared visual approach (apcb) to runway (rwy) 24R, 3 mi (J min) beruud Boeing 747 (Iaading Oll rwy 24L). 
Rwys wcre 550 fi apart with rwy 24L tbreshold staggered 4300 ft beyond that ofrwy 24R MD-II eaptain (eapt) used 
VASI, wrucb bad 3.25 degglidc palb. On fina1 apeb, 21 kt left crosswind dlminished to about 5 kts. From 100 ft agi, 
MD-ll cxhibited left, Iben rigbt roU & slight yawmg. About 50 ft agi. MD-ll entered high sink rate. Capt began go-around 
& raised nose. Lower aft fuselage hit rwy & MD-ll bounced. Capt discontinucd go-around; MD-Il hounced two more 
times; sustained d.amage to aft pressure hulkhead. Lut 20 scc offlight. MD-l1 averaged 1380 ftlmin rate of deseent. 152 
ku. 5.12 deg apcb angle. ~ Ił flight manual discussed visual apchs. go-around procedure. & tailfwing clearance issues. 
but operator did not have formal tailstrike awareneas training for MO-II pilots. After accident, operator developed taił strike 
awareness training program tbat lneluded bowced landing recovery & simulator training, & 1im.itcd pitcb attitude to 7-1/2 
deg for recovery from bounccd laading. AIM recommended tbat for Janding behind larger acft on paraHel rwy. eloser than 
2500 fi. stay above larger acft's f1igbt path. Tower controUer did not issue precautlon for walce turbulence. 
Prohable Cause 
the piłot's improper in-fligbt planningfdccision. wrueb aUowed the airplane (MD-II) to encounter wałe turbulence from a 
largcrlbeavy jet airplanc (Boeing 747), whilc on a abort final approach for 'anding OD a elose-by/paraUelrunway with I 

staggered thresbold. Factors rclating to tbc accident were the staggered/off-set runway thresholds, which positioned thc 
normal approach palb of runway 24R below łbat of runway 24L the steeper than normal fina! approacb pafu; and the left 
crosswind. whicb resulted in wake turbulence drifting from tbe Boeing 747's approacb path to the MD-II's approacb path. 
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History of the Flight 

On May 16,1996, about 0633 Alaska daylight time (ADT), a McDonneU Douglas MD- 11-F, N614FE. sustained substantial 
damage when its tail struck the runway during landing at the Anchorage International Auport, Anchorage, Alaska. The 
airplane, operated by Federal Express Corporation. Memphs, Tennessee, as Federal Express fight 7 1 (FDX7 I), was being 
operated on an instrument flight rules (IFR) cross-country cargo flight under Title 14 CFR Part 121 when the accident 
occurred. The captain. a certificated airline transport pilot, reported minor injuries. The first officer, also a certificated airhe 
transport pilot, was not injured. Visual meteorological conditions prevailed. The fight originated from Newark, New Jersey, 
about 2328 ADT, May 15,1996. 

A Japanese Airlines Boeing 747 (JAL flight 49). contacted the Anchorage Air Route Tra5c Control Center (ARTCC) at 
0621:25 and reported passing 10,OOO faet during its descent into the Anchorage terminal a m  from the northeast. The 
accident wplane (FDX71). also arrived in the tcnninal area fiom the northeast and advised the ARTCC of passing 10,000 
feet at 0622:35. Each airplane was vectored for a visual approach to runway 24L. At 062250, FDX7 1 advised they would 
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 FDX7 1 
to maintain visual separation h m  JALA9 and was cleared for a visual approach to runway 24R at 0628:3 1. 

At 0630: 17, JAL49 received clearance to land on runway 24L from the Anchorage Air Tra5c Control Tower (ATCT) local 
controller. At 0630:32, FDX7 1 was c l d  by ATCT for a visual approach to runway 24R At 063 1 :42 the local controller 
requested on-board inertial navigational system (INS) wind information from FDX7 1 and was told 180 degrees (true. 156 
degrees magnetic) at 21 knots. At that time, the controller reported observing FDX7 1.4 nautical d e s  southeast of the 
approach end of runway 24R JAL 49 was observed approximately 1 mile from the approach end of runway 24L. 

The captain of FDX7 1 reported he was flying the airplane and turned onto the final approach at 1.000 feet mean sea level 
(msl). The captain was visually aligning the airplane with the visual approach slope indicator (VASI) for the runway. He 
indicated he was obsmring a "pink over white" visual angle indication from the VASI. The autopilot was disengaged 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 bgh rate of descent. The captain initiated a wind shear "escape" procedure by applying go-around 
power and began pitching the nose of the airplane upward but the airplane continued to descend. The tail of the alrplane 
scraped the runway and bounced into the air. The captain decided to discontinue the go-around maneuver and closed the 
throttles. The auplane descended and bounced a second time. The airplane touched down a thud time and then rolled out. 

The pilot was concerned about the hazard of wind shear activity to other arriving aircraft and reported a 40 knot low level 
wind shear on short final. 

The airplane was inspected externally by airport fire department personnel and then was taxied to parking. During the 
completion of the after landing checkht, the flight crew noticed the spoiler handle was retracted. The crew also noticed a 
"FADEC ALTN" (full authority digital electronic control - alternate) alert message from each engine on the engine activity 
display (EAD). 

Crew Information 

The captain holds an airline transport pilot certificate with airplane single and multi-enpe land ratings. He also holds a 
flight engineer certitjcate with a turbojet powerad rating and type ratings in Douglas DC-8, Boeing 727 and 747, and 
McDonnell Douglas MD- 1 1 aircraft. The captain received his basic indoctrination with Federal Express Corp., on April 4, 
1977. Since that time the captain has functioned as captain of Boeing 727 and Douglas DC-8 aircraft and first officer of 
Boeing 747 aimaft. On July 20,1994, he completed Ius initial operating experience (IOE) in McDonnell Douglas MD- 1 1 
aircraft. At the time of the accident, the captam had accrued 1,470 hours in the MD-11. The captain's most recent simulator 
training was provided on June 25,1995. 

The first officer holds an airline transport pilot certificate with an airplane multi-engine land rating. He also holds a flight 
e n p e e r  certificate with a turbojet powered rating and a type rating in McDonneU Douglas MD- 1 1 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 fvst officer on Boeing 727 aircraft. On April 26,1992. he completed his IOE in 
MD- 1 1 aircraft. At the time of the accident, the first officer had accrued 2,107 hours in the MD- 1 1. The first officer's most 
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History oftbe Flight 

On May 16, 1996, about 0633 Alaska daylight time (ADn, a McDonneU Douglas MD-II-F. N614FE, sustained substancjal 
damage whcn its taił struck the runway during landing at the Ancborage International Airport, Anchorage, Alaska, The 
airplane, operated by FederaI Express Corporation. Memphis, Tennessee, as Federal Express fłight 71 (FDX71). was being 
operated on au instrument flight ruJes (IFR) cross-country cargo flight under Tille 14 CFR Part 121 wben the aeeident 
occurrcd. The captam. a certificated airline transport pilot, reported minor injuries. The fust officer. also a certifiealed airline 
transport pilot, was not injurcd. Visual meteorological conditions prevailed. The fligbt originated from Newad, New Jersey, 
about 2328 ADT. May 15. 1996. 

A Japauese Airlines Boeing 747 (JAL fljght 49), CODtacted the Anchorage Air Route Traffie ControI Center (ARTCC) at 
0621:25 and reported passing 10,000 fect during its desccnt mto the Ancborage tcnninal area Crom the northeast. The 
accideot airplane (FDX71), also anivcd in thc terminal area flom the northeast and advised the ARTCC of passing 10.000 
fect at 0622:35. Each airplane was vcctored for a visual approach lo runway 24L. At 0622:50, FDX71 advised they would 
t&ke runway 24R if it WIS available. At 0624:48, FDX71 requested a rigbt buc cn1ly to tbe airport but the request was 
denied due to scquencing. At 0628: 13. FDX71 ad.vised the ARTCC thal JAL49 was in sigbt. The ARTCC advised FDX71 
to maintain visual scparation &om JAL49 and was cleared for a visual approacb lo runway 24R at 0628:31 

At 0630: 17, lAL49 receivcd clearaoce to land OD runway 24L flom the Ancborage Air Traffic Control Towcr (ATeT) local 
controHer. At 0630:32. FDX71 was cleared by ATCT for a visualapproacb to runway 24R. At 0631:42 tbe local controller 
requested on-board incrtial navigational system (lNS) wind informahon from FDX71 and was lold 180 dcgrces (true. 156 
degrees magnetic) at 21 knots. At Ibat tim.e. the controllcr reported observing FDX71, 4 oautlca' miłes southeast of tbe 
approach end of runway 24R lAL 49 was observed approximately l mile from tbe approaeb end of runway 24L, 

The eaptain of FDX71 reported he was f1ying the airplane and tumed onto the finał approach at 1,000 fcet mean sea levcl 
(msl). The captain was visuaUy aligning the airp1ane with the visual approacb slope indieator (V ASI) for the runway, He 
indicated be was observing a "pink over white" visual angle lndication from the VASI, The autopilot was disengaged and 
tbe autothrottle was engaged. About 50 fect abovc the ground. the caplain noticed same instability ofthe airplane and then 
tbe airplane dcveloped a high rate of desccnł. The captain inilialed a wind sbear "escape" procedure by applying go-around 
power and bcgan pitcrung the nose oC the airplaoe upward but the airplaue conlinued lo dcscend. Tbe taił ofthe airplane 
scraperl tbe runway and bounced into the air. The captain decided to discontinue the go-around maneuvcr and closed tbe 
throttlcs. The airplaoe descended and bounccd a second twe. Thc airplane toucbed down a third lime and thcn roUcd out. 

The pilot was conccmed aboul the bazard ofwind shear activity to othcr arriving aircraft and reported a 40 knot low level 
wind shear OD short final. 

The airplane was inspccted externalły by airport fire dcpartmcnl persono.el and then was wied lo parking. Dunng the 
completion of the after łanding chcck1ist, the fligbt crcw noticcd the spoiler handle was retracted. The crew also ootlced a 
"FADEC AL TN" (fuH authority digital elcctromc control- altemate) alert message flom eacb cngine on the engine aetivity 
display (EAD). 

Crew łnformation 

The captain ho1ds ao airline transport pilot ccrtificate with airplane single and mułti-engine land ratings. He ałso holds a 
tlight cnginecr certificate with a turbojet powered rating and typc ratings in Douglas OC-8. Boeing 727 and 747, and 
McDonneU Douglas MD-II aircratt. The captain received his basic indoctrination with Federai Express Corp., on April 4, 
1977. Sincc that time the captam has functioned as captain ofBoeing 727 and Douglas DC-8 aircraft and first officcr of 
Boeing 747 aircraft. On July 20, 1994, be complcted his inilial operating expcrience (IOE) in McOonneU Oouglas MD-I ł 
airct'aft. At the time ofthe accidcol. the captain bad accrued 1,470 bours in the MD-l t. Tbe captain's most recent sim.uJator 
uaming was provided on lune 25. 1995. 

Thc first officer holds an airline transport pilot certificate with an airplane multi-cogine land rating. He also bołds a fligbt 
cngincer ccrtifi.cate with a turbojct powcred. ratiog and a typc rating in McDonneU Douglas MD-I ł aircraft. The frrst officcr 
received his basic indoctrinatioo with Federal Express COIp., on May 9, 1986. Since tbat time, tbe first officer bas 
fuoctiooed as the second officer and first officer on Boeing 727 aircraft. On April 26. 1992, be completed bis IOE in 
MD-ll aircraft. At tbe time ofthc accidcnl, tbe fust officer bad. accmed 2,107 bours in tbe MD-ll. The fust 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 5ght hours. The most recent continuous airworthmess 
inspection was accomplished on Apd 29, 1996,204.76 fight hours before the accident. 

Following the accident, the operator measured the right main landing gear strut extension as 5 318 inches at 1,475 PSI. The 
left main landing gear strut extension was 4 314 inches at 1.500 PSI. The status of the fluid level of the main landing gear 
struts was not evaluated by the operator at the Anchorage base prior to the airplane being ferried to their maintenance 
facility in Los Angeles, California, for repair. During the repair to the aidfame. the operator planned to conduct a check of 
the strut fluid level. On July 10,1996, the operator infonned the National Transportation Safety Board (NTSB) 
investigator-in-charge (IIC) of an internal miscommunication that resulted in the landing gear struts being deflated on May 
27,1996 while being prepared for the tail shrike repair. 

On the accident date, the airplane transmitted an automated Arinc Communications Addressing and Reporting System 
(ACARS) message to a Federal Express lac., ground station at 0632: 18. The message noted "turbulence". A second 
ACARS report obtained h m  the auplane's computer noted an "on report" at 0632:03. The accuracy of the transmittal time 
could not be correlated with the time reference contained on the fight data recorder. The operator indicated that the airplane 
could have generated the ACARS report as a result of the hard landing. 

The airplane u t h s  an auto ground spoiler system (AGS) that will automatically deploy the spoilers about 30 degrees 
when the main landing gear tires spin up at touchdown. The spoilers will fuUy deploy to 60 degrees upon nose wheel 
compression. The AGS also has an auto-retract feature for use in go-arounds. The spoilers wdl retract automatically when 
the number 2 throttle is advanced more than 1 inch h m  the idle stop. 

The airplane utilizes several systems to provide the crew with alert messages concerning the operational limits of the 
auplane. The previously noted FADEC ALTN alert message on the EAD is recorded when the throttles are advanced 
beyond the FADEC bar. At th~s point the FADEC systems reverts to the alternate mode for maximum manual selection of 
engine thrust 

The airplane is equipped with a wind shear alert and guidance system (WAGS) that provides a visual and aural warning and 
pitch guidance commands to the crew. The system is enabled h m  1.500 faet down to 50 feet above ground level (AGL). 
The WAGS did not activate. 

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

Meteorological Information 

At 0555, a surface Observation at the Anchorage airport was reporting, in part: Sky condition and ceiling. measured ceiling 
10,OOO feet broken, 20,000 feet broken; visibility, 60 miles; temperature, 46 degrees F; dew point, 30 degrees F; wind, 170 
degrees at 9 knots; altimeter, 29.43 inHg. 

At 0638, a special observation was reporting, in part: Sky condition and c e h g ,  measured c e h g  10,OOO feet broken, 
20,000 feet broken; visibility, 60 d e s ;  wind, 150 degrees at 5 hots; altimeter, 29.42 mHg. 

The F A A  did not include any reports of wind shear (other than the accident airplane) in their report of this accident. JAL49 
did not report any wind shear during their approach. 

Exnminrtion of voice recordings ffom the airplane's cockpit voice recorder was conducted by the Safety Board. At 0632:36 
the voice recording indicated a comment ffom the fvst officer, "got about twenty knots of left cross right here." At 0632:37, 
the auplane's central aural warning system (CAWS) provided an audible altitude warning of 500 (feet). Between 0632:46 
and 0632:52, the first 05cer reported a decreasing cross wind with a last report of 12 knots. At 0632:54. the first officer 
reported the auplane's sink rate was 1,OOO feet per minute and at 063255, the CAWS provided an altitude warning of 100 
feet. At 063257, the CAWS indicated 50 feet and less than I second later, the first officer voiced an exclamation of "whoa" 
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recent simularor training was provided on April 23. 1995. 

Aircraft lnfonnation 

The airplane bad accwnulated arotal tirne in service of 12.392.54 fIigbt hours. The most recent continuous airworthiness 
inspection was 8CCOmplisbed on April 29, 1996. 204.76 tligbt hours before tbe accident. 

Following tbe accidcnt, che operator mcasured the rigbt main landing gear strut extension as 5 3/8 incbes at 1,475 PSI. The 
left main landinggear strut extension was 4 3/4 mcbes at 1.500 PSI. Tbe status oftbe fluid level oftbe main laDdmg gear 
strułs was not evaluated by the operator at the Anchorage base prior to the airplane being ferried to tbcir maintcnance 
facility in Los Angeles, Califorrua. for repau. During tbe repair to tbe airframe. the operator planncd to conduct a cbeck of 
fue strut fluid Icvcl. On July 10. 1996. fue operaror informed the Narional Transporta(ion Safety Board (NTSB) 
investig.tor-in-ebarge (lIC) of an internat miscomm.unication tbat resulted in !he landing gear struts being deflated on May 
27. 1996 wbiJe being prepared for the taił stru;e repair. 

On the aceident date, tbe aUpłane transmittcd In automatcd Arinc Communications Addrcssing and Reporting System 
(ACARS) message to a Fcderal Express loc .• ground station at 0632: 18. Tbe message noted "turbulence" A sccond 
ACARS report obtaincd from the aiIplane's computer noted an "on report" at 0632:03. The accuracy of tbe trlDsmittal time 
could not be correlated with the łime refercnce contained on the fligbt data recorder. The operator indieated fuat fue airplane 
could bave generated tbe ACARS report as a result ofthe bard landing. 

Tbe aiIplane utilizes au auto ground spoiler system (AGS) thlt will automalicaUy deploy the spoilers about 30 degrccs 
wben the main landing gear tU-es spin up at touebdown. The spoiłers will fuUy deploy to 60 degrces upon nose wbcel 
eomprcssion. The AGS also bas an aufO..retract feature for use in go-arounds. Tbe spoilers will retraet automatieaUy when 
tbe Dumber 2 tbrottle is advanccd more than I meb &om Ibe idle stop. 

The airplane utilizes several systems to provide the erew with alert messages conccming tbe operalional hm.its offue 
airplaoe. The previously notcd F ADEC ALTN alert message on the EAD tS recorded wben tbe thronles are advanccd 
beyond the F ADEC bar. At this point the F ADEC systems rcvcrts 10 the altemate mode for maXlmum manual selcclion oC 
engine thrust. 

The airplane Is equipped with a wind sbear alert Ind guidance system (W AGS) that provides a visual and aural waming and 
pitch guidance eommands to the erew. The system is enabled from 1,500 fcet down to 50 fcel abovc grouod level (AGL). 
Tbe WAGS did not acrivate. 

The airplane is also equipped witb a ground proxim.ity waming system (GPWS) that provides a visual and aural waming to 
the erew. The GPWS bad several modcs of operation whicb mclude exccssive descent rate (Mode I). Mod.e 1 ean produce a 
waming of"sink rate" and "wboop-whoop puD-up" bascd on tbe profile oftbe airplane. The GPWS did oot actlVate. 

Meteorologieal Infonnation 

At 0555. a surface observalion at tbe Ancborage aUport was reportmg.ln part: Sky conditioo and ceiling. measurcd ~iliDg 
10.000 fcet broken, 20,000 fcet broken; visibility. 60 miles; temperature. 46 degrces F; elew polnt. 30 dcgrees F; wind, 170 
degrees at 9 knots; altimeter, 29.43 inHg. 

At 0638. a special observation was reporting, in part: Sky conditton and ceiling. measured ceiling 10.000 feel broken, 
20,000 fcet broken; visibility. 60 miJes; wind, ISO degrees at 5 knots; altimeter. 29.42 inHg. 

Tbe F AA did not inelude any reports of wind sbeat (other than tbe accident airplane) in their report of this aceident JAL49 
did not report IDy wind sbear during their approacb. 

Communications 

ExamiDahon ofvoice rcconiiDgs &om the airplane's cockpit voice recoroer was oonduetcd by the Safety Boani. At 0632: 36 
the vaice recording indiealed a comment from tbe fust officer. "got about twenty knots of left cross riglll berc." At 0632:37, 
the aUplane's central aural waming system (CA WS) providcd an audible allirude warning of 500 (feel). Between 0632:46 
and 0632:52. the first officer reported a dccrcasing cross wind witb a Im report of 12 bots. At 0632:54. tbe first officer 
reported the airplanc's sink rate was 1,000 fceł per mioutc and at 0632:55, the CAWS provided an altitude waming of 100 
fcel. At 0632:57, the CAWS indieated 50 feet and less than l sccond later, the first officer voiccd ad exclamation oC .. wbo .... 
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The airplane touched down at 0633:OO. 

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 have 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 Anchorage International Alrport does not routinely record low level radar data in the terminal area. Anchorage Center 
Radar records radar track information on a continuous data recording (CDR). The coverage for center radar usually begins 
above 2,000 feet msl in the terminal area. Radar data was reviewed by the NTSB IIC to determine the profile of both 
arriving airplanes. The radar data indicated that both airplanes made left turns from the downwind pattern southeast of the 
auport onto the final approach. JAL49 turned onto the h a 1  approach for runway 24L east (outside of) the fight profile of 
FDX7 1. Radar data h m  JAL49 revealed at 062952, the last recording with altitude mformation, the JAL fight was at 
1,400 feet msl at 181 knots ground speed. At the same t h e ,  FDX71 was at 3,200 feet at 229 knots. 

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

Aerodrome and Ground Facilities 

The airport is within Class C airspace and Federal Aviation Regulation (FAR) Part 93 applies to the terminal area. The air 
t r a c  control tower is equipped with a D-BRIE radar repeater display. The Brite system is designed to display primary 
and secondary (transponder) radar returns of aircraft and alphanumeric target symbology generated by the Automated Radar 
Terminal System (ARTS) to positions in the tower. The equipment is speclfcally intended to present usable visual display 
in the tower of the traEc inboundoutbound to the respective runways during both day and night conditions. The radar 
display augments visual observations by tower personnel of arrival. departure, and ovefight aircraft. The tower is an ARTS 
IIA facility. 

The airport is equipped with two parallel hard-surfaced runways on a 2471067 degree magnetic orientation. A single hard 
surface runway is oriented on a 3211141 degree herding. Runway 24R is 10,601 feet long by 150 feet wide. The southem 
edge of runway 24R is separated h m  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 mdicator 
(VASI). The airport is not equipped with a low level wind shear advisory system (LLWAS). 

According to the Alaska Supplement, airpodfacility directory, the VAS1 light system for runway 24R consists of a 3 bar 
system. The upper &de slope is reported as 3.25 degrees and the lower &de slope is reported as 3 degrees. According to 
FAA Airways Facdities personnel and Anchorage International W o r t  personnel. the VASI system installed at runway 
24R consists of 4 light boxes. The downwind boxes consist of two light boxes, parallel to each other, positioned on either 
side of the runway threshold. The upwind boxes uc positioned 700 feet further along and on either side of the runway. 

On June 28,1996. the VAS1 was examined by FAA Ahways Fachties personnel. They reported that the upwind boxes 
were in close tolerances and set to 3.0 degrees. The downwind boxes were set to 2.5 degrees. The proper visual approach 
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 above the estabhhed visual glidepath will produce a cbange in the upwind light bar from red 
through pink, to white. Deviation below the glldepath will produce a change in the downwind light bar h m  wt~~ tc  through 
p d ,  to red. The total cbange in color, both above and below the glldepath occurs within 114 to 112 degree. 

Flight Data Recorder 

The airplane's flight data rtcorder was sent to the Safety Board for examination. The recorded parameters are listed by 
subfiame numbers. One subfiame is equivalent to one second of time. Downloading the auplane's recorded parameters 
revealed the following, in part: 

At subfime number 2970, the airplane was wnf@rcd with the autopilot off. flaps were set at 35 degrees, the auplane was 
near wings level at an indicated airspeed of 155.5 knots. The Vref speed was 147 knots The heading of the auplane was 
241.6 1 degrees and was slowly increasing. 

At subfiame 2975, the airplane began a slight roll to the left reaching 3.52 degrees. The roll rate decreased and the auplane 
then began a roll toward the right. 
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The airplane touehed down at 0633:00. 

After touehdown, tbe erew voieed eoncem botb in łhe cookpit and to the Aneborage ATCT tbat they bad experienced wmd 
shear. The erew indieated, "and ab tower, Fedex ah 71, we bad about a forty knot wind shear on final. It could have been ah 
due to łba! seven four that was ahead or us." JAL49 toucbed down 00 runway 24L at 0632, as reported by JAL operatioos. 

The Ancborage International Airport does not routiDely record low level radar data in the terminal area. Anehorage Center 
Radar reeords radar uaek infonnation on a contmuous data recording (eDR). The coverage for center radar usuaUy begins 
above 2,000 feet msl in the terminal area. Radar data was reviewed by the NTSB lIC to determine the profile ofbotb 
arriving airplanes. The radar data i.ndieated that both airplanes made left tums from tbe downwind panem southeasl ofthe 
airport onto the final approacb. JAL49 turned onto łhe finał approacb for runway 24L easl (outside ot) lhe fligbt profile of 
FDX71 Radar data from JAL49 revealed at 0629:52. the last recording with altitude informatlon, tbe JAL fligbt was at 
1,400 fcel msl at 181 knots ground speed. At the same tinle, FDX71 was at 3,200 fcet at 229 knots. 

A tl8nscnpt of communications witb Anchorage Center and Ancboragc ATCT, the cockpit voice rccorder, and radar data IS 

included in Ibis report. 

Aerodrome and Ground F acilities 

111e airport is within Class C airspace and Federal Aviation Regulation (FAR) Part 93 applles to the terminal area. The air 
traffic contrał tower is equipped with a D-BRlTE radar repeater dispłay. The Bnte system is designed to display primary 
and secondary (łransponder) radar retums of aircraft aod alpbanumeric targct symbology generated by tbe Automated Radar 
Tenninal System (ARTS) to positioos in lhe tower. The equipmeot is specificaUy intended to present usable visual display 
in tbe tower of the traffic inboundloutbound to the respective runways during both day and mgbt conditions. The radar 
display augmeots visual observations by tower personnel of amval, departure, and overfligbt aircraft. The !Ower is ao ARTS 
IlA facility. 

The airport is equippcd witb two parane) bard-suńaced runways on a 247/067 degree magnetic orientalioo. A single bard 
surface runway is oncnted on a 321/141 dcgree beading. Runway 24R is 10,601 feel loog by ISO feet wlde. The southem 
edge ofrunway 24R is separated from the northem edge ofruoway 24L by 5S0feet. The approacb cod of24R is situated 
4.300 feel east ofthe approacb end of runway 24L. Runway 24R is equipped with a two bar visual approacb slope mdicator 
(VASI). The airport is not equippcd with a low level wind sbear advisory system (LLWAS). 

Acc::ording to the AJaska Supplement, airportlfacility dire<:tory, the VASlligbt system for runway 24R constsls of a 3 bar 
system. Tbe upper glide slope is reported as 3.25 dcgrees and the lower glide slope is reported as 3 degrees. Acc::ording to 
FAA Airways Facilities personnel and Anchorage International Airport personnel. the VASI system instaUed at runway 
24R consists of 4lighl bo"es. The downwiDd boxes consist oftwo light boxes, parallej to each olber, positioned on either 
side of tbe runway thresbold. Tbe upwind boxes ue positioned 700 fcet further aloog and on elther side ofthe runway. 

On JUDe 28, 1996. the V ASI was examined by F AA Airways Facilities personnel. They reported that tbe upwind boxcs 
were in elose tolerances and set to 3.0 degrees. Tbe downwi.nd boxes were set to 2.5 degrees. Tbe proper visual approacb 
angle ts maintained by the pilot observiDga wbite ligbt bar in Ihe downwind bOl{ and a red bgbt bar in the upwind box (red 
over wbite). Deviation above the establisbed. visual glidepalh will produce a cbange in Ihe upwind bgbt bar from red 
łhrougb pink, to wbite. Deviation below Che g1idepath will produce a change in the downwind light bar from wbite through 
pink, to red. The total change in color, both &bove and below Che g1idcpath oc::curs within 1I4 to 1/2 degree. 

Fligbt Data R.ecorder 

The airplane's f1igbt data recorder was sent to the Safety Board for examinarion. The recorded parameters are listed by 
subfram.e numbers. One subfram.e is equivalent to one second oftimc. Dowruoading the airplane's recorded parameters 
revealed the following.m. part: 

At subframe number 2970, tbe airpłane was confjgured witb tbe autopilot off, fiaps were set at 35 degrees, the aUplane was 
near wiDgs levela' an indiealed airspecd of 155.5 bots. The Vref spced Was 147 MolS. The beading ofthe airplane was 
241.61 degyees and Was slowly increasing. 

At subframe 2975, the airplane began a sligbt lOU to the left reaching 3.52 degrees. The roll rale decreased and the alIplane 
then began a ron toward the righl. 
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At subframe 2976, the vertical acceleration decreased to 0.84 g's and returned to 1.11 g's in subframe 2977. It then began 
decreasing once again. The a q a d  began increasing h m  15 1 knots. 

At subframe 2978, the thrust resolver angles began decreasing in response to the autothrottle commands. The lower rudder 
began moving toward 7.47 degrees trailing edge left and then began moving toward the right. The airplane 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 indicators displayed about a 3 degree dfierence 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 airplane reached 11.6 degrees nose up. A vertical acceleration spike of 2.6 g's 
occurred. The thrust resolver angle decreased to previous settings. The lower rudder reached 23.38 degrees trailing edge to 
the right. The airplane was near wings level and on a 249.7 degree heading. 

From subframe 2982 to 2984, the elevators were deflected to 15.47 degrees t r a h g  edge down and then toward 22.59 
degrees trading edge up. The pitch angle of the airplane decreased to 2.11. From subframe 2282 to 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 g's occurred 

From subframe 2985 through 2988, the elevators were deflected in a s d a r  manner as subframe 2982 through 2984 but to 
a lesser degree. 

At subframe 2987, a third vertical acceleration spike of 1.77 g's occurred. 

At subframe 2990. the nose gear compressed. 

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

Wreckage and Impact Information 

The NTSBs IIC examined the accident airplane on May 16,1996. as it was parked at the Anchorage International -on. 
The underside of the fuselage about fuselage station number 1821 to station number 2047, received scraping and buckling 
damage. A blade type antenna was destroyed. Examination of the aft fuselage pressure bulkhead revealed wrinkling and 
cracking of the bulkhead. Several adjacent lateral formers were also cracked and broken. 

Measurement of the main landing gear strut extension by the IIC revealed that the right main gear strut extension was 6 
3002 inches. The left main gear strut was extended 6 21/32 inches. The sbut pressures were not recorded. 

Additional Lnfwmation 

Prior to the accident, the operator provided wind shear tecovtry procedures that recommended applying firewall power and 
increasing the pitch of the airplane to 15 degrees nose up. Following the accident, the operator added additional language 
that recommended a 7 112 degree pitch attitude for a bounced landing recovery. 

Following the accident, the operator published a notice concerning landing procedures and techniques. The notice 
emphasized early stabilization of thrust, auspsed, pitch and descent rate to provide a good landing. The notice stated, in part: 
"The desired final approach conditions consists of a 3 degree &de path and the airspeed a 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 retard after passing 50 feet AFL. The autothrottles wdl retard at a linear rate for a 3 degree 
&de pa th..." 

Before the accident. the operator did not have a formal tailsbike awareness training program for the MD- 1 1. Neither pilot 
reported receiving training in bounce recovay or tail strike prevention techniques during their ground school, simulator, or 
fight training. Information was provided in the h4D-I 1 flight manual that discussed visual approaches, go-around 
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At subframe 2976, the vertiealacceleration decreascd to 0.84 g's and returned to l Ił g's in subframe 2977. It then began 
decreasing once again. The airspeed began inereasing &om 151 knots. 

At subframe 2978, the thrust resolver angles began decreasing in response to the autothrottle eommands. The lower rudder 
began movi.ng toward 7,47 degrees trailiDg edge left and then began movmg toward the rigbt The airplane e"perienced a 
lateral acceleration to tbe left of 0.09 g's. The airspeed reacbed 158.5 kuots and tben began decreasing. In subframe 2978 
and 2979, tbe Dumber 1 and number 2 angle of attaek indieators displayed about a 3 degrce diffcrence in tbeir respcctive 
values. 

At subframe 2979, the rigbt roH reaebed 8.09 degrees rigbt wing down. Tbe vertieal accelcration movcd upward from a low 
of 0.65 g's. The thrust resołver angle for engine number 2 and 3 inereascd in subframe 2980 to 85.80 degrees. The elevators 
began to deflect toward 22.85 degrees trailing edge up. 

At subfram.e 2981, tbe piteh angle ofthe aitplane rea.cbed 11.6 degrees nose up. A vertieal acceleration spike of 2.6 g's 
occurred. The tbrust resołver angle decreased to previous settings. The lower rudder reached 23.38 degrees trailing edge to 
tbe rigbl. Tbe airplane was near wings level and on a 249.7 degree beadin& 

From subframc 2982 to 2984, the elcvators were detlected to 15.47 degrces trailing cdge down and tben toward 22.59 
degrees trailing cdge up. The pitch angle oftbe airplane dec:reased to 2.11. From subframe 2282 to 2985, the left wing 
spoilers reaehed 34.13 degrces. The rigbt wing spoilers reaehed 28.41 degrees. 80th wing spoilers then began to ret:ract 

At subframe 2984, a second vertleal acceleration spike of 3.03 g's occurred 

From subframe 2985 througb 2988, the elevators were deflected in a simiJar manner as subframe 2982 througb 2984 but lo 
a lesser degree. 

At subframe 2987, a tbird vertieal ux:eler.tion spike of 1.77 g's occurred.. 

At subframe 2990, the nose gear eompresscd. 

Examination oftligbt data reveałcd an average descent rate of approximately 1,380 fcet per minute dunog the last 20 
seconds of (he laodmg approaeb. Tbc avcrage airspecd was 152 knots. Caleulation ofthe descent angle of the airplane, 
based on the above averages, indicated a fligbt patb mgle of 5.12 degrees. 

Wreekage and Impact Information 

The NTSB's liC examincd tbe accideat airplane on May 16, 1996, as it was parked at tbe Aneborage !ntemabonaI Airport. 
The underside ofthe fuselage aboul fusełagc stabon number 1821 to statioo number 2047, rcceivcd seraping and buekłing 
damage. A blade typc anteno. was destroyed. Examination of the aft fuscl.ge pressure bulkhead revealed wrinkl.ing and 
eraeking of tbe bulkhead. Several adjacent lateraJ formers wen: aJso eraekcd and broken. 

Mcasurement ofthc main landing getr stnlt extension by tbe ue revealcd tbat the rigbt main gear struł extcnsion was 6 
30/32 inehes. The left: main gear strut was extended 6 21132 inebes. The struł pressures were not recorded. 

Additional Information 

Prior to the accident, the operator providM wind sbear recovery procedures tbat recommcnded appłying firewall power and 
increasing tbe pitch ofthe airplane to 15 degrees nose up. Following tbe accident. tbe operator added additionallanguage 
that reeommended a 7 1/2 degrce pitch attitude for a bounced landing recovery. 

FoUowing the accidcnt, the operator published a nonce conccrning landing procedures and tecbniques. The Dotice 
empbasiz.cd early stabilizati.oD of1hrust, ainpeed. pitch and des"llt rate to provide a good landing. The nObce statcd, in part: 
"The desired final approacb conditions consists of a 3 degrce glide palb and tbe airspeed a Vapp plus wind additives as 
required. For Dormallanding configuration. the descent r.te wiU be 650 to 800 fcel per minute. Autothronles sbould be used 
for aU laodings and will begin to retard after pasamg 50 fcet AFL. The autothrottles will ntard at a lineu f.le for a 3 degree 

glide path ... " 

Sefore the accidenł, tbe operator did not bave a formal tailstrike awareness training program for tbe MD-ll. Neither pilot 
reported receiving training in bouoce reeovcty or taj] strike prevention teehniques dunog tbeir ground sebool, simulator. or 
tligbr training. Informalion was provided in the MD-ll lligbt manuał łbat diseussed visual approacbes, go-around 
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procedures, and tail and wing clearance issues. Following the accident, the operator developed and implemented a tail strike 
awareness training program that included bounced landing recovery and a simulator training proae. 

Wreckage Release 

The cockpit voice recorder was released to the operator on August 7, 1996. The fight data recorder was released to the 
operator on June 10, 1996. 
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procedures. and tail and wing clearance issues. Following the accident. tbe operator developed and implemented a taił strike 
awareness tralning program that included bounccd landing recovery and a simulator training profile. 

Wreckage Release 

The cockpit voice recorder was released to tbe operator on August 7. 1996. The tligbt data recorder was released lo tbe 
operator on June 10. 1996. 
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NTSB Identification: FlW94IA321. The docket is stored in the (ofEline) NTSB Imaging System. 

Scheduled 14 CFR 121 operation of FEDERAL EXPRESS 
Incident occurred SEP-28-94 at ANCHORAGE, AK 

Aircrafi: MCDONNELL DOUGLAS MD- 1 1-F, registration: N603FE 
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 SUPPORT BUSHING 
SEPARATED DUE TO SHEAR OVERLOAD. TESTING FAILED TO DETERh4TNE THE CAUSE FOR THE FAILURE. 
Probable Cause 
RIGHT INBOARD FLAP VANE COMPONENT SEPARATION DUE TO UNDETERMTNED REASONS. 

Full tiamative available 

Index for .% 1994 1 Iadex of Months 0 

5/28/98 2:07: 13 PM 

F1W94lA321 

NTSB ldentification: FIW94lA321. !be docket is stored in the (ofiline) NTSB Imaging System. 

Scheduled 14 CFR 121 operation ofFEDERAL EXPRESS 
mcidenł occurred SEP-28-94 at ANCHORAGE. AK 

Aircraft: MCDONNELL DOUGLAS l\ID-II-F. registration: N603FE 
lnjuries: 2 Uninjured. 
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THE RIGHr HAND fNBOARD FLAP V ANE DEPARTED THE AlRFRAME WHEN THE AIRPLANE WAS 500 FEET 
ABOVE 1lłE GROUND ON FINAL APPROACH TO TIłE RUNWAY. THE V ANE TO TRACK SUPPORT. AFT 
ADJUSTMENT ECCENlRIC, AND THE SPRING CARTRIDGE STOP ASSEMBL y SEPARA TED DUE TO TENSILE 
OVERLOAD; HOWEVER. TIłE TENSll..E PROPERTIES OID NOT APPEAR TO INFLUENCE nIE F AILURE OF 
TIłE V ANE. THE SUPPORT TRACK. THE ROLLER SUPPORT BOLT. AND THE FLAP SUPPORT BUSHING 
SEPARATEO OUE TO SHEAR OVERLOAD. TESTING F AILED TO OETERMINE TIłE CAUSE FOR THE F AILURE. 
Probabie Cause 
RIGHT INBOARD FLAP V ANE COMPONENT SEPARATION OUE TO UNDETERMINED REASONS. 

Fuli tlarrative available 

lndex for $ej? 1994 I Illde", 1)( Months O 
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On September 28,1994, at 2050 Alaska standard time, a McDonnell Douglas MD- 1 1-F, N603FE, received minor damage 
during approach near Anchorage, Alaska. The crew of two were not injured. Visual meteorological conditions prevailed for 
Federal Express Flight 81, scheduled Title I4 CFR Part 121 cargo fight to Anchorage, Alaska. 

Company personnel and Federal Aviation Adminhation inspectors reported that the right hand inboard wing flap vane 
departed the airframe when the airplane was 500 feet above the ground on final approach. The airplane landed without 
further incident and taxied 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 (PM ARC748 1-I), aft adjustment eccentric (PIN 
2941-503). and the spring cartridge stop assembly (P/N ARC2948- 2). separated due to tensile overload. The tensile 
properties "did not appear to d u e n c e  the failure of the vane" (enclosed report). The support track (P/N ARC27W501), 
the roller support bolt (P/N ARC3154 I), and the flap support b u s h g  (PN ARC7495-1) separated due to shear overload. 

During flight testing the flap system was instrumemtad using strain gauges. During the testing the manufactum isolated 
Vibratov loads that were being imparted in a lateral motion on the failed put. They reported that no fatigue was evidenced 
in the failed parts. Additional testing concluded that part of the assembly (part numbers ARC7481- 1 and ARC2941-503) 
were not manufactured in accordance with the currmt engineering drawings. 

A review of these components by the manufactum's Material Review Board subsequently declared them within the safety 
requirements. It was also determined that these components. although non-conforming, did not contribute to the failure of 
the system. 
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On Scptember 28, 1994, at 2050 AJaska standard time. a McDonnell Douglas MD-II-F, N603FE, received minor damage 
during approach near Anchorage, Alaska. The crew oftwo were not injured. Visual meteorolo81cal conditions prevaiłed for 
Federat Express Fligbt 81, scheduled Title 14 CFR Part 121 cargo flight to Anchorage, Alaska. 

Company personnel and Federat Aviation Administration inspectors reported that the riglll band inboard wmg flap vane 
departed tbe awame wben !he airplane WIS 500 feet abow!he ground on finat approach. The airplane ianded without 
further incident and tuied to the gate. 

The Fecierai Aviation Administration (f AA) inspector and !he airptane manufacturer examined the components and found 
the riglll inboard fiap vane COIllponenłs: #2 vane to track support (p1N ARC7481-1), aft adjUShneo[ eccentric (p1N 
2941-503). and the spring CMtr:idge stop asscmbly (p1N ARC2948- 2), separaled due to teDsi1e overload. The lensiłe 
properties "did not appear to inflUCllce the failure ofthe vane" (enclosed report). Tbe support track (p1N ARC27QD-SOl), 
tbe roUer suppon bolt (p1N ARC3154-1), and tbe nap support bushing (p1N ARC7495-1) sep.rated due to shear overload. 

During flight testing the fiap system was iDstrumcoted using strain gauges. Dunog the teiłing the manufaerom isolated 
vibratoJ}' loads that were being imparted in alateraj molion on the failed part. They reported łbat no fatigue was evidenced 
in the failed parts. Additionallesting concluded łbat part ofthe assembly (part numbers ARC7481- ł and ARC2941-503) 
were not mannfactured in accordance witb the curreut engineering drawings. 

A review ofthese components by the manufacturer's Material Review Board subsequently deelared them within the safety 
requirements. II was also detennined łbat these components, althougb non.confonning, did not conbibute to the failute of 
the system. 
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National Transportation Safety Board 
Washington, D.C. 20594 

Brief of Accident 

Adopted 08/31/1995 

ANC 95FA008 
FILE NO. 1931 11/04/94 ANCHORAGE, AK AIRCRAFT REG. NO. N6llFE TIME (LOCAL) - 11:25 AST 

FATAL SERIOUS MINOR/NONE MAKE/MODEL - MCDONNELL DOUGLAS MD-ll/F AIRCRAFT DAMAGE - Substantial 
ENGINE -/MODEL - GE CF6-80C2DIF CREW 0 0 2 
NUMBER OF ENGINES - 3 PASS 0 0 0 
OPERATING CERTIFICATES - Air Carrier - Supplemental 
NAME OF CARRIER - FEDERAL EXPRESS, INC 
TYPE OF FLIGHT OPERATION - Non-scheduled - International - Cargo 
REGULATION FLIGHT CONDUCTED 

LAST DEPARTURE POINT 
DESTINATION 

AIRPORT PROXIMITY 
AIRPORT NAME 
RUNWAY IDENTIFICATION 
RUNWAY LENGTH/WIDTH (Feet) 
RUNWAY SURFACE 
RUNWAY SURFACE CONDITION 

UNDER - 14 CFR 121 

- KANSAI, JP - Same as Accident 

- On airport - ANCHORAGE INTERNATIONAL - 06R - 10897/ 150 
- Dry - Asphalt 

CONDITION OF LIGHT - Daylight 
WEATHER INFO SOURCE- Weather observation facility 

BASIC WEATHER - Visual (VMC) 
LOWEST CEILING - 11000 FT Broken 
VISIBILITY - 0020.000 SM 
WIND DIR/SPEED - 160 /003 KTS 
TEMPERATURE (F) - 29 
OBSTR TO VISION - None 
PRECIPITATION - None 

PILOT-IN-COMMAND AGE - 54 FLIGHT TIME (Hours) 

CERTIFICATES/RATINGS 
Airline transport 
Multi-engine land 

Airplane 
INSTRUMENT RATINGS 

TOTAL ALL AIRCRAFT - 12084 
TOTAL MAKE/MODEL - 1216 LAST 90 DAYS - Unk/Nr 
TOTAL INSTRUMENT TIME - Unk/Nr 

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 RECOVERY. 

.-., "',- - .-.. -.. National Transportation Safety Board 
Washington, D.C. 20594 

Brief of Accident 

Adopted 08/31/1995 

ANc95FA008 
FILE NO. 1931 11/04/94 ANCHORAGE,AK AIRCRAFT REG. NO. N611FE TlME (LOCAL) - 11:25 AST 

MAKE/HODEL - HCOONNELL DOUGLAS MD-11/F AIRCRAFT DAMAGE - Substantial FATAL SERIOOS 
O 

MINOR/NONE 
2 ENGINE MAKE/MODEL - GE CF6-80c2DIF 

NOMBER OF ENGlNES - 3 
OPERATING CERTIFICATES 
NAME OF CARRIER 
TYPE OF FLIGHT OPERATlON 

- Air Carrier - Supplemental 
- FEDERAL EXPRESS, INC 
- Non-scheduled 
- International 
- Cargo 

REGULATION FLIGHT CONDUCTEO UNDER - 14 CFR 121 

LAST DEPARTORE POINT 
OESTINATION 

AIRPORT PROXIMITY 
AIRPORT NAM! 
RUNWAY IDENTIFICATION 
RUNWAY LENGTH/WIDTH (Feet) 
RUNWAY SURFACE 
RUNWAY SURFACE CONOITION 

- !tANSAl , JP 
- Same as Accident 

- On airport 
- ANCHORAGE INTERNATIONAL 
- 06R 
- 10897/ 150 
- Asphalt 
- Ory 

PILOT-IN-COMMAND AGE - 54 

CERTIFICATES/RATINGS 
Alrllne transport 
Multi-englne land 

INSTRUMENT RATINGS 
Airplane 

CREW O 
PASS O O O 

CONDITION OF LIGHT - Daylight 

WEATHER INFO SOORCE- weather observatlon faclllty 

BASIC WEATHER 
LOWEST CEILING 
VIS IBl LITY 
WINO OIR/SPEEO 
TEMPERATURE (F) 
OBSTR TO VISlON 
PRECIPITATION 

- Visual (\lMC) 
11000 FT Broken 

- 0020.000 SM 
160 /003 KTS 
29 
None 
None 

FLIGHT TIME (Hours) 

TOTAL ALL AIRCRAFT - 12084 
LAST 90 DAYS - Onk/Nr 
TOTAL MAKE/MODEL - 1216 
TOTAL INSTRUMENT TIME - Unk/Nr 

ACCORDING TO THE FLIGHT DATA RECORDER, WHEN 50 DEGREES OF FLAPS WERE SELECTBD AT 985 FEET AGL, THB FIRST OFFICER, WHO 
WAS FLYING THE AIRPLANE, 010 NOT STABILIZE THB APPROACH. THE PITCH ATTITUDE OF THB AIRPLANE VARIED APPROXlMATBLY 2 
OEGREES WITH CORRESPONDING ELEVATOR POSITION CHANGES. AT 40 TO 50 FEET THE PITCH ATTITUDE or THB AIRPLANB WAS 
OECREASING. THE CAPTAIN STATED HE FELT A HIGHER THAN NORMAL RATE OF DBSCENT AT 20 FEET 50 HE GRABBBD THB YOKE AND 
PULLED BACK. THE AIRPLANE LANDED HARO, BOUNCED, ANO OSCILLATED AT LEAST THREE TIMES, REACHING A MAXIMUM PITCH UP 
ATTITUDE OF 12.3 DEGREES. THE TAIL STRUCK THB RUNWAY DURING THE OSCILLATIONS. THE CAPTAIN DID NOT OSE VERBAL 
INSTROCTIONS AS REQUlRED BY THE FLIGHT MANUAL AND COMPANY PROCEDURES, WHEN TAKING CONTROL OF THE ĄIRPLANE. BOTH PILOTS 
WERE MANIPOLATING THE CONTROLS DURING THE BOONCED LANDING RECOVERY. 
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Brief of Accident (Continued) 

ANC95FA008 
FILE NO. 1931 11/04/94 ANCHORAGE, AK AIRCRAFT REG. NO. NCllFE TIME (LOCAL) - 11:25 AST 

Occurrence# 1 HARD LANDING 
Phase of Operation LANDING - FLARE/TOUCHDOWN 
Findings 

1. - AIRCRAFT CONTROL - INADEQUATE - COPILOT/SECOND PILOT 
2. - LACK OF FAMILIARITY WITH AIRCRAFT - COPILOT/SECOND PILOT 
3. - REMEDIAL ACTION - DELAYED - PILOT IN COMMAND 

Occurrence# 2 DRAGGED WING, ROTOR, POD, FLOAT OR TAIL/SKID 
Phase of Operation LANDING - FLARE/TOUCHDOWN 
Findings 

4. - RECOVERY FROM BOUNCED LANDING - IMPROPER - FLIGHTCREW 
The National Transportation Safety Board determines that the Probable Cause(s) of this Accident w a s :  
THE FLIGHT CREW’S IMPROPER RECOVERY FROM A BOUNCED LANDING. FACTORS ASSOCIATED 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. 

Format Revision 1/95 

Brief of Accident (Continued) 

ANC95FA008 
FILE NO. 1931 11/04/94 ANCHORAGE,AK AIRCRAFT REG. NO. N611FE TlME (LOCALI - 11:25 AST 

Occurrence' l HARO LANO ING 
Phase ot Operat lon LANO ING - FLARE/TOOCHDOWN 

Findlngs 
1. 
2. 
3. 

- AIRCRAFT CONTROL - INADEQOATE - COPILOT/SECOND PILOT 
- LACR OF FAMILIARITY WITH AIRCRAFT - COPILOT/SECONO PILOT 
- REMEDIAL ACTION - DELAYED - PILOT IN COMMAND 

Occurrence' 2 ORAGGED WING, ROTOR, POD, FLOAT OR TAIL/sKID 
Phaae of Operat lon LAND ING - FLARE/TOOCHDOWN 

Flndlngs 
4. - RECOVERY FROM BOUNCED LANO ING - IMPROPER - FLIGHTCREW 

The Natlonal Transportatlon Safety Boacd determlnes that the 
TRE FLIGHT CREw'S IMPROPER RECOVERY FRaM A BOONCED LANOING. 
OFFICER'S LACK OF F~ILIARITY wITR TRE AIRPLANE, HIS FAILURE 
REMEOIAL ACTION. 

Probabie Cause(s) of this Accldent was: 
FACTORS ASSOCIATED WITH TRE ACCIOENT ARE TRE 
TO STABILIZE TRE APPROACH. AND THE CAPTAIN'S 

FIRST 
DELAYEO 
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NTSB ID: ANC95FAOO8 National Transportation Safety Board 
FACTUAL REPORT Occurrence Date: 11/04/94 

AVIATION Occurrence Tvoe: Accident 

I 

Accident Location: On Airport Distance From Landing Facility: UNK/NA I Direction From Airport: UNK/NA 

Aircraft Registration Number: N611FE 
Most Critical Injury: NONE 

fnvestigated By: NTSB 

Aircraft Information Summary 
Aircraft Manufacturer ModellSe ties Type of Aircraft 

MCDONNELL DOUGLAS MD-ll/F Airplane 

Narrative 
Brief narrative statement of fads, conditions, and circunskances puli& to the acciddincident: 

I-- 

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 
rail 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. 
Officer, the only occupants, were not injured. 

The Captain and the First 

According to the crew, they were following a Japan Air Lines 

The Captain stated 

Boeing 747, which preceded them by an estimated 3 miles. 
Federal Express crew was cleared for a visual approach to runway 
6R and they used the ILS course for guidance. 
that the airplane flew through a little bit of turbulence when 
crossing the shoreline but it was nothing unusual. At 5 0  
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. 
pushed the yoke forward. 
nose began to respond, and they landed normally. 

The 

The nose of the airplane began to pitch up and the crew 
The tail then struck the ground. The 

DAMAGE TO AIRCRAFT 

Approximately 32 
feet of lower fuselage skin on the underside of the tail section 
qas scraped and dented. 

The airplane received substantial damage. 

There were small puncture/scrape holes 
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Occorrence Type: Accident 

MO-n/F 

AlrMedical 

Most Ctftica! Injury: NONE 

Investigated By: mSB 

Airplane 

No 

On November 4 , 1994 at 1125 Alaska standard time, a 
McDonnel1 Douglas, MD-11 airplane T N611FE, operating as Federal 
Express flight number 016, experienced a hard landing at 
Anchorage International Airport while landing on runway 6R, 
Anchorage, Alaska. The airpIane landed hard and bounced, The 
:ail struck the runway's surface. The airplane was 
substantially damaged. The alI cargo flight, operat ing under 14 
CFR Part 121 1 departed Kansai T Japan, on an instrument flight 
rules flight plan. The destination was Anchorage. Visual 
meteorological conditions prevaiIed. The Captain and the First 
Officer. the on1y occupants. ~ere 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 lit tle bit of turbulence when 
cross ing the shoreline but it was nothing unusual. At SO 
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 che runway and bounced 
upward. The nose of the airplane began to pitch up and the crew 
pu"hed the yoke forward. The tail then struck the ground. The 
nose began to respond, and they landed normally. 

Ol\MAGE TO AIRCRAFT 

The airplane received substantial damage. Approximately 32 
feet of lower fuselage skin on the underside of the tail section 
4as scraped and dented. There ware smali puncture/scrape holes 

on Next 

FACTUAL REPORT - AVIA TION .... ' 



NTSB ID: ANC95FAOO8 National Transportation Safety Board 1 
I FACTUAL REPORT 1 Occurrence Date: 11/04/94 I 

AVIATION 1 Occurrence Type:Accident I 
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 l og ,  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 MD-11 airplane. 
On October 28, 1992 he completed his Initial Operating Experience 
(IOE) 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 5 6  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 . 4 6  
degrees. 
minute and again increased to 900 feet per minute when the 
airplane was 5 0  feet above the ground. 
airplane's pitch attitude was 2.11 degrees up. 

The rate of descent then decreased to 8 5 0  feet per 

At this point the 

A review of the pitch attitude during the approach showed 
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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 hi red 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 transitionfupgrade training to the MO-11 airplane. 
On October 28, 1992 he completed his Initial Operat ing Experience 
(IOE) as Captain on the MO-11. According to Federal Express 
records, the Captain had 1216 hours in the MO-ll airplane. 

According to Federal Express flight crew records log, the 
First officer was hi red 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 OC-lO as a second officer. On August 
31, 1994, he received transition/upgrade training on the MD-ll 
airplane and completed his IOE on October 13, 1994. According to 
Federal Express records, the First Officer had 56 hours in the 
MD-lI 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 (agI), 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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that the airplane's pitch attitude was approximately 3 . 8 7  degrees 
while flaps were selected and set at 35 degrees. The flight data 
recorder readout frame count number 115 shows that flaps were at 
3 9 . 7 3 1  degrees which shows a transitory position. The pitch 
attitude of the airplane reached 4 . 5 7  degrees. At 785 feet agl, 
the flaps reached the selected 5 0  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 . 4 1  degrees to a high of 4 . 5 7  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 of 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 flight data recorder readout shows that between 5 5  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 . 4 4  degrees 
until ground contact. Upon ground contact, the elevator position 
began decreasing from its positive deflection. The flight data 
recorder readout shows elevator 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 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. 
data recorder readout information, the spoilers 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. 
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 
outboard elevators, spoiler position, and airplane pitch 
attitude. 

According to the flight 

The 
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that the airplane's pitch attitude was approximately 3.87 degrees 
while flaps we re selected and set at 35 degrees. The flight data 
recorder readout trame count number 115 shaws that flaps were at 
39.731 degrees which shows a transitory position. The pitch 
attitude ot 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 trame cQunt 127, the airplane's pitch attitude 
varied trom a lew ot 1.41 degrees to a high of 4.57 degrees. 
There were two cycles ot variation and at frame count number 127; 
the pitch attitude was decreasing through 2.46 degrees to reach a 
low of 2.11 degrees. 

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

The tlight data recarder readout shaws that between 55 and 
40 feet agI, the airplane's pitch attitude was increasing tram 
2.11 degrees to 2.81 degrees. The elevator position information 
shows a positive increase in elevator positioD. The pitch 
attitude of the airplane continued to increase to 8.44 degrees 
until ground contact. UpOD ground contact, the elevator position 
hegan decreasing trom its positive deflection. The flight data 
recorder readout shows elevator deflection varying to positive 
pitch up two more times before going to a negative position for 
the completion ot landing. 

According to McDonnell Douglas Aircraft, and Federal 
Express, Inc., the MD-II 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 spoilers 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 ot the main wheels. The 
following information is excerpted trom the flight data recorder 
readout and shows the reIationship between the frame count, 
average elevator position between left and right and inboard and 
outboard elevators, spoiler position, and airplane pitch 
attitude. 

(Continued on Next Page) 
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frame count 
no. 

- 
- 
- 

132  - 

avg elev 
posit ion 

7 . 3 1 6  
1 1 . 7 9 7  

8 . 2 3 9  
2 . 1 9 8  

- 0 . 6 3 6 7  
1 5 . 1 5 9  

5 . 0 3 1  
- 7 . 6 6  

- 1 0 . 2 8 2  

1 1 . 6 8 7 5  
1 5 . 1 5  
- 7 . 2 9 4  

- 1 4 . 6 1 3  

pitch 
attitude 

3 . 1 6  
4 . 2 2  
7 . 0 3  
8 . 4 4  
5 . 2 7  
3 . 1 6  
7 . 7 3  

1 2 . 3 0  
9 . 8 4  

4 . 2 2  
- 0 . 3 5  

0 . 7 0  
0 . 0 0  

spoiler grnd contact 
position 

8 . 0 0 4  

9 . 1 4 7  

7 . 8 2 8  

2 7 . 0 9 0  second 

2 6 . 3 8 7  third + final 

- -  

- -  initial 

- -  
- -  

- -  
2 6 . 7 3 9  

58  e 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. 
deployment of the spoilers which occurred upon main landing wheel 
spin up. 
to the half deployed position. 

touchdown and spoiler deployment, the flying pilot had to 
physically push the yoke forward to prevent the nose from 
Ditching up. 
,he pilot waited for the nose of the airplane to begin movement 

The nose pitch up tendency was exaggerated by the 

Upon main landing wheel spin up, the spoilers deployed 

The simulator tests distinctly showed that upon main gear 

If The pilot had to anticipate this control input. 
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frame count avg elev 
no. position 

129 - 7.316 
- 11..797 
- 8.239 
- 2.198 

130 - -0.6367 
- 15.159 
- 5.031 
- -7.66 

131 - -10.282 

- 11.6875 
- 15.15 
- -7.294 

132 - -14.613 
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pitch spoiler grnd contact 
attitude position 

3.16 8.004 
4.22 --
7.03 9.147 
8.44 - - initial 
5.27 7.828 
3.16 - -
7.73 27.090 second 

12.30 --
9.84 26.387 third + final 

4.22 - -
-0.35 26.739 
0.70 - -
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 INFORMATlON 

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 deployrnent, the flying pilot had to 
physically push the yoke forward to prevent the nose from 
uitching up. The pilot had to anticipate this control input. If 

_ ~he pilot waited for the nose of the airplane to beg in movement 
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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 control 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 aerodynamic 
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. 
removing his hands from the flight controls upon touchdown. 

approach and upon touchdown did not anticipate the pitch up 
tendency. 
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,I' revealed the following statement, "Attempting to make 
the smoothest 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 l a t e  o r  ear ly  f la res  which could also lead to a tail strike. 
The Flight Manual recommends against aerodynamic braking due to 
the increased possibility of a tail strike. 
"Another contributor to tail strikes during landing is the nose- 

He demonstrated this by 

A pilot not rated in the MD-11  airplane flew an unstabilized 

The nose of the airplane pitched up at touchdown and 

The Manual states 
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in any direction, his control input effect was greatly 
diminished. The control input effectiveness was also affected by 
the position oi the airplane's center of gravity. If the center 
of gravity was near the forward position, Łhe 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. Łhe control input mora quickly effected a change. 

The nominal center of gravity ranga for the MD-ll airplane 
during landing is 2S to 27 percent ot MAC (mean aerodynamie 
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 
removing his hands trem ehe flight controls upon touchdown. 

A pilot not rated in the MD-ll 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 befere 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 tne 
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 • n revealed the following statement. UAttempting to make 
the smoothest landing possible can result in decreased clearances 
which in tum could result in a tail strike." The section 
further states that high descent rates on short final could lead 
to late or early tlares which could also lead to a tail strike. 
The Flight Manual recommends against aerodynamie braking due to 
the increased possibility of a tail strike. The Manual states 
ItAnother contributor to tail strikes during landing is the nose-
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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 transition 
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. 
pitch attitude, the nose should be lowered promptly to prevent 
spoiler deployment from further increasing the pitch 
attitude . . . . ' I  "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. 

If touchdown does occur with higher than normal 

AVIATION 

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. 

Occurrence Type: Accident 

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. 

(Continued on Next Page) 

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 
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up pitching farce generated by the automatic ground spoiler 
deployment at main gear spin-up. This is quickly noted and 
pilots are taught to compensate for it dur ing initial transition 
training. It then becomes part of the MD-~l pilot's reflexes. 
Spoiler pitch-up is still present during every landing, and must 
be counteracted. If touchdown does occur with higher than normal 
pitch attitude. the nose should be lowered promptly to prevent 
spoiler deployrnent from further increasing the pitch 
attitude .. ,." "'In ahort 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 i8 
runway remaining . II 

The Flight Manual further states tbat a norma l landing 
configuration would give Łhe 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 angIe. The 
use of 50 degrees of flaps will reduce the pitch attitude by ~ 
degree. The manual a160 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' ab6ve the 
ground, 50 degrees of flap were selected and the pitch attitude 
of the airplane reduced to approximately l 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 GR, the dascent angle for the 
glide slape is 3.0 degrees. The Captain and First Officer both 
stated that tbe airplane waB 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 1 the rates ot descent varied from 2000 feet per 
minute to a climb of 350 feet per minuta. These rat e of descent 
pointa were taken from the point were 50 degrees of flaps we re 
applied" 

Examination of the training program showed 
awareness is taught and the training objectives 
;he information in the airplane flight manual. 

that tail strike 
coincided with 
However, the 
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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. 
is no reference to descent angle. 

There 

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. 
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. If 

The training program also listed a section dealing with 
transfer of airplane control. 
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 flight 
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 '1 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. 

Department and the Standardization Department revealed that the 
standardization department was responsible for the information 
taught by the training department. 
stated that they had trouble getting the most current information 
through their company distribution system. 
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 

It was stated that a 

The training program did not list 

Discussions conducted with the Federal Express Training 

The Training Department 

The training 
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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 
i8 no reference to descent angIe. 

According to a representative of McDonnel1 Douglas Aircraft, 
those ara nominal numbers for the flight crewS to show an 
example of the approach sight picture. It was stated that a 
stabilized approach la 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, ffconsidering the size 
of this airplane,l! 

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. Howeverl on page 7-7 of the MO-li 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 i5 a discussion about airplane control, 
It states in part. !lAt any time, during ground or flight 
operations, if the First Officer is controlling tbe 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 I have the airplane, I '!'he First, Officer must 
then completely relinquish centrol of the airplane. II The Captain 
did not usa any verbal commands in this accident to acqu1re 
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 distrLbution system. Tbe trainin9 
department indicated that they ~ould like to implement training 
procedures based upon information given in the variouB MCDonnell 
Douglas publications~ Buch as nAll Operator Letters" and "Know 
your MD-ll" letters. Individual instructors in the Training 
Department stated they receive the update information taster by 
getting the publications directly trom HcDonnell Douglas 
Aircraft. 

The distribution of these publications, within Federal 
Express I i5 handled by the Standardization Department. One 
individual in the Standardization Department i6 responsible for 

(Continued on Next Page) 
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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 quality 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 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 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 operate 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 llBa8 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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NTSB ID: ANC95FAOOB 

Occurrence Oate: 11/04/94 

Occurrence Type:ACcident 

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

According to the Standardization Oepartment Manager, the 
company separated standardization and training as a method to 
check the qua1ity 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 MO-ll airplane is equipped with a dual chamber, main 
landing gear, shock struto 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 bot h 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, ar fuel load distribution. These elements 
may lead to uneven strut extension. McDonnell Douglas Aircraft 
stated that if the strut is not leaking oi1, and it was serviced 
correctly during maintenance, it shou1d operate properly. 

According to McDonne11 Oouglas 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 MO-l1 airplane. 

They do believe that the rebound potential created by the over 
servicing cou1d assist in aggravating a pilot induced oscillation 
during an unstabilized touchdown. 

According to Federal Bxpress, the main landing gear struts 
are checked only when the airp1ane gets alIB" maintenance check. 
There is no way for the flight crew ar 1ine maintenance crew to 
determine if the struts have been proper1y serviced. Federal 
Express did not have a written procedure in place, for flight 
crews or line maintenance crews, to determine the servicing leve1 

(Continued On Next Page) 
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of the main landing gear struts. 

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

I' 
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Occurrence Oate: 11/04/94 

Occurrence Type:ACcident 

of the main land ing gear struts. 

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

NTSB ID: ANC95FAOO8 

Occurrence Date: 11/04/94 

Occurrence Type: Accident 

Airport Name Airport ID 
ANCHORAGE INTERNATIONAL ANC 

Airport Elevation Runway Used Runway Length Runway Width 
124 Ft.MSL 06 R 10897 Ft. 150 Ft. 

I Runway Surface Type: AsDhal t 

I I 

Ailworthiness Certificate : I TransDor t I I I 

1 Runway Surface Condition : I Dry I I I 

I Continuous Airworthiness 

~ 

Type Instrument Approach : 

VFR Approach/Landing : 

I 10/17/94 

ILS-Complete I Visual 
Straight In 

I 227 Hours 

Aircraft Manufacturer 

MCDONNELL DOUGLAS 

I - Emeraencv Locator Transmitter fELTl Information 

Modellseries Serial Number 

MD-ll/F 48604 

[ ELT Installed? Yes I ELT Operated? No I ELT Aided in Locating Accident Site? UNK/NA 

Registered Aircraft Owner 

FEDERAL EXPRESS, INC 

Operator of Aircraft 

Street Address 
2837 SPRANKEL, HANGAR 7 2ND FL 

MEMPHIS TN 38118 
State Zip Code city 

Street Address 

State city 
I I I 

Operator Does Business As: I Operator Designator Code: 

Zip Code 

T T y p e  of Certificatc(s) Held: 
Air Camer Operating Certificate : I Supplemental I I 
-7erating Certificate: Ope rat0 r Certificate : 

FACTUAL REPORT - AVIATION pw 2 

National Transportation Safety Board NTSB ID: ANC95FAOOB 

FACTUAL REPORT Occurrence oate: 11/04/94 

AVIATION Occurrence Type: Accident 

Landing FacilitylApproach Infonnation 
Airport Name Airport ID Airport Elevation Runway Used Runway length I Runway Width 

ANCHORAGE INTERNATIONAL ANC 124 Ft. MSL 06 R 10897 Ft
j 

150 Ft. 

Runway Suńace Type: Asphal t 

Runway Suńace Condition : Dry 

Type Instrument Approach : ILS-Complete Visual 

VFR Approach/Landing : Straight In 

Aircraft Informałion 
Aircraft Manufac1.urer Model/Senes Serial Number 

MCDONNELL DOUGLAS MO-ll/F 48604 

Airworthiness Certiftcate : !Transport 

Landing GearType: ITricycle-Retractable 

Homebuilt Aircraft? No I Number of Seats: 6 Certified Max Grass Wt. Number of Engines F};~J(i/' ..... '; . . ·':>':';/"z 
Stall Warning System Installed? Yes 625500 LBS 3 [61/<<:::':':._," ,.-, " , 

,'M __ ;';,,' __ " ,/_ 

Engine Type Engine Manufac1.urer Model/Series Rated Power 

lrbojet GE CF6-80C2DIF 60240 Lbs 

- Aircraft Inspection Infonnation 

Type ot Last Inspection Oate of Last Inspec1.ion Time Since Last Inspection Airframe Total Time 

Continuous Airworthiness 10/17/94 227 Hours 3974 Hours 

- Emergency Locator Transmitter (EL T) Infonnation 

EL T Installed? Yes I EL T Operaled? No I ELT Aided in Locating Accident Site? UNK/NA 

OwnerlOperator Infonnation 
Registered Aircraft Owner Street Address 

2837 SPRANKEL, HANGAR 7 2ND FL 
FEDERAL EXPRESS, INC 

Cny State ZipCode 

MEMPHIS TN 38118 

Operator ot Aircraft Street Address 

Same As Reg'd Aircraft Owner 
City State Zip Code 

Operator Ooes Business As: Operator Designator Code: 

- Type ot Certltlcate(s) Hald: 

Air Camer Operating Certificate : I Supplemental I I 
--'erating Certiticate: _I Operator Certificate: 

.... 1Iu1alion Flight Conducted Under: 14 CFR 121 

Type of F/ighl Operation Conducted: Non-Scheduled International Cargo 
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National Transportation Safety Board NTSB ID: ANC95FAQOB 

FACTUAL REPORT Occunence Date: 11/04/94 

AVIATION Occurrence Type: Accident 

First PHot Information 
Name City Stale~ 
FREoERICK FERGUSON JR. BRIER WA 40 54 

Sex: M I Seat Occupied: Left I Principal Profession: Pilot Civilian I Certiticate 

Certificate(s): T ATP T I I 
Airplane Rating(s): I ME Land I 
Rotorcraft!Glider/L TA : None I I I 
Instrument Airplane 

.. ,,;-," : .. >;:; i'/"::~ 
Instrudor Rating(s) : None !!.!Iii' .... H 

, ',' ,,', , 

Type Rating Endorsemem for Acddentllncident Aircraft? Yes Current Biennial Flight Review? Yes b' ;:f<',:';;;iJ 
, Since Lasl BFR IBFR I Make IBFR t 1100.1 Medical Certificate: Class 1 
1 MCDONNELL-DO MD-11 Date of Last MecHcal Exam: 05/17/94 

Medical Certificałe Status: Valid Medical-With Waivers/Limitations ~ ... ,. ','o ' .;:>0 )i;; .. , "" 
' ,,' -' 

Source 01 Pilot-FJjQht Time Information : n" -- Rpt I 
light Tlme Matrlx "" TNsM .... ."'- -- - ... _m ....... _ . ... ~ 

aIllllM_. -... - ..... ... ... .... ~. 
'i2084 li2i6 ,,, .... ' ""CI 

lMt 1103 
~ 
- ....... Ho." 16 
Seatbełt Used? Yes I Hamess Used? Yes I Perfonned? No Performed? No I per;on at Conlrols ol :craft at Time ol Accidentllncident: Both D" -- s Second Pilot? Yes 

I /OIF PI', Filed: IFR 
i ITime 

KANSAI JP KIX 1248 GMT 

State Airport I 

Same as Accident/lncident T_~ .. , 
Type of Clearance : I IFR 

Type of I ~, D 

.. ·.ather Information 
of Briefing: I "' ,_, Svc Sta PA~AS ~ 

Method ot Briefing: In Person I "'Q 1 . 
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I National Transportation Safety Board I NTSB ID: ANC95FAOO8 1 

WOF ID Observation Time Time Zone 

ANC 1050 AST 

I FACTUAL REPORT 

WOF Elevation WOF Distance From Accident Site Direction From Accident Site 

1 2 4  Ft. MSL 0 NM 000 Deg. Mag. 

I Occurrence Date: 1 1 / 0 4 / 9 4  I 

SkylLowest Cloud Condition: Scattered 8000 Ft. AGL 

c- AVIATION Occurrence Type: Accident 

Condition of Light: Daylight 

Lowest Ceiling: Broken 11000 Ft. AGL Visibility: 2 0  SM Altimeter: 2 8 . 7 8  "Hg 

Temperature: 2 9  F 

I Accident Information 

DewPoint: 1 7  F Wind Direction: 1 6  0 Density Altitude: UNK/NA Ft. 

I '  

Windspeed: 3 1 Gusts: None 

FACTUAL REPORT - AVIATION pl(c 4 

Weather Conditions at Accident Site: Visual Conditions 

Visibility (RVR): Ft. 

Restrictions to Visibility : 

Type of Precipitation : 

Visibility (RVV) SM Intensity of Precipitation: 

None 
None 

TNI qac.tQ, lIIn<Iong 

National Tramportation Safet)' Board NT SB ID: ANC95FAOOB 

FACTUAL REPORT Occurrence Date: 11/04/94 

AVIATION Occurrence Type: Accident 

Weather Infonnation 
WOF ID Observation Time Time Zon e WOF Elevation WOF Oistance From Accident Site Direction From Accident Site 

ANC 1050 AST 124 Ft. MSL O NM 000 Oeg. Mag. 

Sky/Lowest Cloud Condition: Scattered 8000 Ft. AGL Condition ot Light: Daylight 

Lowest Ceiling: Broken 11000 Ft. AGL I Visibility: 20 SM Altimeter: 28.78 "Hg 

Temperature: 29 F I Oew Point: 17 F Wind Oirection: 160 Density Altitude: UNK/NA Ft. 

Wind Speed: 3 Gusts: None Weather Conditions at Accident Site: Visual Conditions 

Visibility (RVR): Ft. Visibility (RVV) SM lintensity of Precipitation: 

Restrictions to Visibility : None 

Type ot Precipitation : None 

Accident Infonnation 
Aircraft Oamage: Substantial I Aircraft Fire: None Aircraft Explosion: None 

Classification: US Registered on US Soil, Territories ar Possessions, ar lntl Waters 

·Injury Summary Matrix F.tal Sertous MI"", 
_. 

TOTAL 

Rrst Pilot l l 

Second Pilol: l l 

DuaJ student 

Check Pilot 

Rlght Englneer 

C.bln Altendants 

OI:har Crew 

Passengen 

TOTALABOARD 2 2 
OI:her A1rcraft 

OI:her Ground 

GRANOTOTAL 2 2 

F ACfUAL REPORT - A VIAnON p ... -



T h i  .paca for blnding 

National Transportation Safety Board 
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NTSB ID: 

Occurrence Date: 11/04/94 

Occurrence Type: Accident 

ANC9 5 FA0 0 8 

Administrative Information 
~~ 

Investigator-In-Charge (I IC) 

GEORGE KOBELNYK 
Additional Persons Participating in This AccidentAncident Investigation: 

GEORGE MCCAMMETT 
FSDO 03 
ANCHORAGE AK 99502 
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National Transportation Safety Board NTSB ID: ANC95FA008 

FACTUAL REPORT Occurrence Date: 11/04/94 

AVlATION Occunence Type: Accident 

Administrative Infonnation 
Investigator-In-Charge (liC) 

GEORGE KOBELNYK 

Additional Persons Participating in This AccidenVlncident Investigation: 

GEORGE MCCAMMETT 
FSDO 03 
ANCHORAGE AK 99502 
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Supporting Documentation File Contents, NTSB Form 6120.3 

Supplement E 

Pilot/Operator Aircraft Accident Report, NTSB Form 6120.1/2 

Simulator Training Progran Excerpt - Tail Strike 
Simulator Training Program Excerpt - Transfer of Control 
FedEx Flight Operations Manual - Airplane Control 
InStKUCtOK Guide - Tail Strike 
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MD-11 Flight Manual Excerpt - Landing and Tail 
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Strike 
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Doc Photo 

1 Suppo~ting Documentation File Contents, NTSB Form 6120.3 1 

2 Suppl~m.ent E 2 

3 P ilot/Ope.ratOI Aircraft Accident Report, NTSB Form 6120.1/2 6 

4 Sim.ulator T~e..ining Prog~aIl Excerpt - Tai! Strike 1 

5 Simulator T~aining PIog~am Exce~pt - Transfer ot Cont~ol 1 

6 FedEx Flight Operation~ l'Ienuel - Airplene Control 1 

7 Instructo~ Guide - Tall StJ:ike 2 
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9 !D-II Flight Manual Excelpt - Landing and Tail StIike 3 

10 DFDR Pitch Ralt 2 

11 D1DR VSPD Com.puted 3 

12 DFDR Throttle 3 
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14 DFDR Spoil~rs 3 

15 DFDR Vertlcel G 3 
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17 Release ot AiIC.raft Wleckage, NTSB Fo~m 6120.15 2 
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a a z  N 7 ; ( i  t k L ~  {JOrC 

L . r '  fi I - f / b l  - -  
 colt^ APPROVED FOR U.E wouo~ iinom BY o m  NO a i ~ 7 4 o o i  

NATIONAL TRANSPORTAWN SAFETY BOARD 
PlLOT/OPERAToR AlRCRAn ACCIDENT REPORT 

This Form To Be Used For Reporting Civil Aim& Accidents 
Involving Commorcirl and General Aviation Ahcraft 

Anchorage, Alaska 99518 I November 4, 1994 19252 I - 
If The Accident Occurred On Appmwh. Takeoff Or Within 3 Miles Of An Airport, Complote The Followinp Information 
horlmw To -: 
1.19(0nAirport 3 . 0  Within 1i2Mile 6 . 0  Within1 Mile 7 . 0  Within 3 Miles 

2 . 0  Within 1NMiIe 4 . 0  Within34Mik 6. a Within2 Miles 8 . 0  Beyond 3Miler 

Airport Name Airport ldent RunwayILandin Surface And Conditions: 
I .  Direction: 06W 
2. Longth: 10,8974. Surface: Grooved 5. Condition: my 

3. Width: 150 Anchorage International PANC 

Phse 01 Opumtkn: 
1 . 0  Standing 5 . 0  Cruiu 7 . 0  Approach 9 . 0  HoverlMmwver 

co- Feet MSl I 

Aka(tMmnukctumr Uta&Typ.IMod.l 6.rklMumkr 
McDonnell-Douglas 1 48604 

I 1 

Typ.OtAilCWt Typo 01 Ahworth1n.u Cutlfiato 
1.mAirplane 5 . 0  BlirnpDirigible 1 . 0  Normal 5 . 0  Restricted 
2 . 0  Helicopter 6 . 0  Ultralight 2 . 0  Utility 6 . 0  Limited 
3 . 0  Glider 
4 . 0  Balloon 8. Specifv 4. m r e n r p o r t  8. Spocify 

L.nd&bnGomr 
1 . 0  Tricycb-Fixd 4 . 0  Tailwheel--Retractrble 7 . 0  Skid 
2.~Tricycle-Retr8ctablo 5 . 0  Tailwhwl-RaractaMe Mains 8. g S k i W h d  
3 . 0  TeilwheeCFixed 6. D Amphibian S. Specify 

Stall Wemlng S F u n  

7 . 0  Gyroplrne 3.D Acrobatic 7 . 0  Experimental 

7 1 . 0  Yes 

I 2. m o  

Flig hVCa bin 

Pax 
Crew d 

CF6-80C2DIF I -  General Electric I systwnuod 

2. sp.dtv 
60,240 1.09 None 1.  ._ Honoponnr I I -  2. -1 Lbr.Thm8t 

Proaimtły To AirpGn: 

1.łCto" Airport 

2.0 Withi,,'/4Mile 

Alaska 99518 

3.0 Wrthinl!2Mile 

4.0 Within3f4Mile 

Ancborage International PANC 

,. D 5tanding 

2.0 Te.; 

Re,1 lietłonMllrłl 

N611FE 

TypeOfAircrełł 

1·KXAirpllne 
2.0 He!icopter 
3.0 Glider 
".0 a.Uoon 

urMlngo.., 

3.0 Takeoft 

4.0 Clirnb 

S.o endu 

6.0 DeKent 

-- . ""- . 
Anr.ftManułactuNi' 

McDonnell-Douglas 

S.O BlimplOirigible 
6.0 Ułttelight 
7. O GyłOł)l.ne 

8. Sp.cify 

FORM ".....wED 11'011 UM THfM)UOH ",:acw.a BY OM!; NO. "..,·OOCU. 

~~ 

5.0 WithinlMile 

6.0 Within2Miles 

7.0 Withil'l3Mile, 

8·o8eyond3Miles 

9. O HoverfM~euyer 7. O ApprOICh 

8·lIIKlending lO. OAlti~udeOfln.FlightOccurrence __ Feet MSl _ ,'':; , 
-_._---~~--'- : --~ ":".' .. _:!'.!: " - . ---

AhcraltType/Mocłeł &erieI Humt.f CertMu:GroMWT 

MD-ll/F 48604 625.500 

TypeOłAlnlwontłI_c.tIftcate AiMteu,BuIh 
1.0 Normal 5. D Rel1ncted 1.0 Ves 
2.0 Uti!ity 6.0 Umit,d 
3. DAcrobalic 7.0 bperimant.1 2.fDr'Io 
4.1XK1" rensPD" 8. 5pe;cify 

Ho.Ofs.ts 
1. O T ricycta-FiJCIId .·0 Tailwhe.~tr.ctable 7.0 Skid FlightfCabin 

Crew 6 2·IXTficyc~ractabl. 5. O Tailwheeł--łłetractlble Main. 8. OSkilWh .. ' 
3.0 T,ilwheeJ--Fi ... d 6. D Amphibian 9. Specify p" 

StanWamifłl &ptem ""Equłppad bllMTypa _ .... 
1.JgCYI$ 1.!lkY" l. O Recipfocal ing-CI'buretor 3. O Turbo Prop SXJ TurboFan 
2.0 No 2.0 No 2. D Rec:iproeeting-Fuellnjtcłed 4.0 TurboJet 6.0 TUfbosnatt 

hllMMemrł8ctu,..,. EIII .. ModeII .... Entkle~Power TypeOl'RNExtłngułMlng 

General Electr1c CF6-80C2DIF Syst_u.-
'.---Horupower60 240 1.1J Non. 
2. ----&l U,.. ThfUSI , 2, $pecify 

.) 
_ot 

.SeNlHo. Totełlime lI_Si_M Tl_SI_Ovemeul 

EngineNo.1 7-93 ~916 3974:36 Hou,.. Hou .... Hou~ 

EngineNo.2 7-93 29J9 3 74:36 Hou,.. Houn Hou~ 

EngineNo.3 7-93 02 18 3974:36 Hour. Hou~ H~" 

fi;~neNo.4 HOUJI Hou" H~~ 

TypIIOfM.tl'ltlena"lOllProgtam TypeOfLntłneptdlon Oete lMtll'l.p.1:tkIn PwIłonnecI 
1.0 ,,"nul' 1.0 Annuat H)~n~P;4 IMID!YI 
2.0 MlnufKtU .. ,"aIMf*:lłonProgf"llm 2.0 100Houf Tim. 51"08 Lut: lnapecłion 
3. D OIttM AppfQYtld InepecłłonProgf"llm IMlPI 3.0 MIP 221 Hou~ 

4.:~~nP.lOUaAirwortłlinul 4. \!XContinuoua AlrworttU_ ""'~wm~~m. 5. . H~~ 

EmerteMr B.T ... ~ 1-..... ' .... Numłlrlf 1=-'-- I~ RT.O_O' T ...... _ 

1a.T) ..... Opc::lted t~ld I'WL.oaetkwi 
1·DOn 2.0 Off 3.DAnnId 1·DY" 2.g.No 1·0 Y .. 2. No 

.... 1.....sAlrawltOwMr -- ]JOO łll. Msuet St. RadneJ: SqnsJ:e. 6 

u< ... r • W1laiBgtet\, DH 19899 _01_ -1. O Same As Reglatef«t Owner 1.0 Sam,AsReglat8redOwner 
2._ 2. 31111 :tI::holllbn ..... Bd. 
3.08$; Federal Express Corporation Keęhb, ... 38118 

N"lWa,.. ..... 'l2tn1l7l"TM.fonR,..... NTSI r-.'łO.1 tllw.10177J ...... '1CI.2(R...,.10177). 



~ ........ , Inmvm.nt Ratlngle! 
1.0 HanI!! •• HłIlicopt., '.0 Non. I' Nonlll 6. O In~rvm.nt Airplene 

2·0 ~. 
GlkHr 2.0 Airplene l! AirpllneS.E. 1. O Instrument Helic:opler 

!3~ •• 
;:n~łloon 3. D H.,icopter 

I-
AirplaneM.E. 8. D GroundlnSłłuctor 

i:; :~:Pt.r 9 Specify 
lO. I •. 

" o.t.Of_n'-lAiebł"'lew 

MD-ll 
Ch IEqlltwlhnt IMIDN) 

1. Make MD-II 
09/25/94 

,2Mod. ---1.0 Non. 3.0 Cleu2 NONE 
2U Clnsl '.0 c, •.• " 1012" •• 

w .... 

~Of ...... 
, 

1. Non. 3.Q SeriOUI IQ , .. 3.0 Cenler 5.0 Rti.r 
2.0 Minor 4.0 Fatal 4.0 Front ....... ....O"'dlf ... ~ 

I ~. g PUot Logbook 

~Y" 
A._ 

lri~~ lny .. l~:g Opetalol1Eltimale 
2.0 No 2.Q No . FAA Recofds 

AiTplane 
AIIAIC ; &Mod., , , Hig" 

55:46 
'"01 In ! 

, ,PIC, 

Thl., ~ lo~OOD ... 
lo~ 30 D.". 

~ 
~ 

H.m. ... , Ic._ H~· 

I. 

2. 
3 . 

•• 
•• 
6 . 

..... _ ..... TJMeOfD .... rlU •• 

~. 
1. AltpOl't to KIX ,. Tlm. 12śBZ . Alrpott to PANG 
2. Cłty/PIKe . City~ce .Ał;~i 
3 .• ..-... 2. TlmeZon, Stile 

.' --60 SCT K" 80 OVL 
:". W", Do' 

35 856/32/30/20/3305/910/ SWU NR-S! THN OVHD 

f-'OII ..... At'--'*"" 
GIlIlon. 

~....:;,.. 
Ił Any. P'Itoł To o.p.rtuN 

ao..-OIWMthetIntomrdon 
~or.Wedwoe.rv.tłorI) 

!~- • ,;~~ .. 7. Speclfy 

: i 100/130 

. 

FM 

_55 

1.~ Vel 
2. No 

4.~ Company 
5. p«:ifv 

Ugłn,r 

GIi.., ThlnAir 

I F ... " , Hon. 

:8 VOM" 
a.i . 

. . • • ,,!~~ 1l!.:~rw _ .' • '""<'n~ ~ t 

Operator Wx Observation 
3.0 Du.« 5.0 DerltNigłlt -20..-UilM 31 
4. CJ 8right Night 

' .. 



Dm Point mnwcw 8t*llomtckudcondttkn 
8.ninB 1 . 0  Clear 4. Overcast - Foot AGL 

“Hg 2. D Scattered h e t  AGL 5 . 0  Partial Obscuration 

- 3 . 0  Broken- Feet AGL 6 . 0  Obscurnd 
29.14 

23 CF) 

W i d  Informotion 
1. Direction 160 -bnToviribl’~ 
2. Velocity + KTS 
3. Gusts - KTS 

TurkJmor (MuW -1 
1. 0 None 2. m i g h t  3. 0 Moderate 4. 0 Sswrr 5. 0 Extreme 6. 0 Clear Air 7. 0 In Clouds 

T y p o M p k a t h  I n t a n ~ O 1 R . d p b t i o n  
1 . 0  Light 3 . 0  Hoavv 

N/A 2 . 0  Modereto 4. Specify - 90 Hiles 

-roo 01 Airudt 
1 . 0  Nono 2 . 0  Minor 3.&Substantial 4. Dmrovod 3.0 In-Flight 

4 . 0  &Ground 
I 

Doscription 01 Darn890 To Mmtt And 0 t h ~  P r w  

Approximately 32 feet of skin damage on t h  underside of the ta i l  section. 
bulkhead buckle and VHF antenna sheared. 

A f t  pressure 

1 . n  No 

2 . 0  Yos ListfheNameOfThePart. ManuCdurer.PartNo.. Serial NO 
And Describe The Failure On Pan At Ovort~aul 

-noun -Houri 

Collision Accld.nt 
H Cdliron Actidont Occurred, Complete The Information For Other Aircraft 
k@strrtion morL Airwatt Manuhmmr Airw8ftTyp.IMod.l b . g r n O l A i ~ D . m a g o  

1 . 0  Destroyed 3 . 0  Minor 
2 . 0  Substentid 4 . 0  None 

h g l s t u e d  Aitcrdt Owmr Addmr 

Hot W.m8 Add- pHatc.rfYkrt.Iy0. 

23 

1-r:::~~II.,~~~/:'Lo~~.~_~d~CD~ 
1.0 Clear 

2. D kan_red ~FeetAGl 
3. Broken ___ F .. I AGL 

•. O O\tercest ___ !=Hl AGl 

OOH 
29.14 • 

Wind tldorrMtlon 
1. Oir.ction __ IU6.O,,-,, __ _ 

3·0 H .. VV 2. Veloc:ity --3-----:- KTS 
3. GuS1s ___ om; 

90 Mile. 4. SP'lcify __ N/A 

T~ CMuttłpłe ..my) 
1. O Nonll 2. i!~,tl.ililh1 

DeI'" Of Alrcr.tt 0.,..... 
1.0 Non. 2.0 Minor 

3. O Moderate •. O Ss..,.,. 5. O Extreme 

3'ikSubslantia' ... [J Ontroved 

o..crLpbon Ol 0.", ... To ~ And 0INr Propeny 

6. O CI •• , Aj, 

.... 
1.0 Vel 
2.CI}IIIo 

1. O In Clouds 

3.0 Irt-Flight 
4. O OnGround 

Approximately 32 feet of skin damage on th underside ol the tail aect1on. Aft pre8.ure 
bulkhead buckle and VHF antenna aheared. 

c_ . r'~ , =::-:::'.:~~-..!::&2-'..'.:":;.,~~\oi~~iij;/"Jr,,;.'''''~'~''~_ .. -:>";[;",;;.zoJ. ... :_ :"'";l..~:tl~ -
l·n No TotMTiIlM 

2.0 Ves listTh. Name OfTn. Part. Mel"lułactufer,PartNo., S.r;81 No 
And Oe.c,;be Th.F.;h.". On Part At Ovemaul 

__ HOUB __ Ho ... 

CoIIłIłon AccłdMIt 

łf Collison Accident Occurred, Com lele Tlle InfOrtnltion For Ołher Aitctatt 

fleFltration mart Airw.tt MlnufKłv,., AI~T.".'MocMl o..,..OfAirwałtPilma. 

1.0 Oeslroyed 3.0 Minor 
2. D SubltantiaC •. 0 Nona 

Rewf ..... Aircr.łlOwMr ...... 
PIotNam. -- Not~Ha. 

~.- .-"1t~-tt--;p ."~r~:rrr::0 o • ov ........ ,,~ ,,...,.._!)~r w~; ~o-; _' ~'\j:;_-~"_.l.~,,!,~~~_._,_ ,- -. . ., ~,. 
,}~!-. ~ .... ,.to./I<: _ '''.;-~~:':... o .. "'. r-I" ~" • .." ...... '.--

1.0 OuhidePersgn(sl 3.0 SikSa 5.0 L.add.r 

2.0 AuxiliatyUghting "·0 Rope li. O SpKify 

M.Ihod Ol !alt łlttne~ ....... Num_ ()f~ .. u.tftt Eech Ot The falowi,., 
1. U.ln Ooor ....JCXX- 2. Auxili.ry Door __ 3. EfNłgency Exil _ 

Opw.toriOwMr Sefety Recomm.ndltion (Optionel Enttyl 

_. 

" 

,- -



Oeseribe What Oec:Uf,ed In Chronologic:el Order. The Cin:umltlnees L.ldlng To The Accident And Tł'Ie Natur. Ot The Accident. Oescribe Th, 
Te .. ain And Includ. A SlIetch Ot Wrecllag. OiSlribulion II Pet1inent. AtUlIch Elit .. Sheetslf More Spece 15 N .. d,d. St.te Point Ol Oeplrture, rtm. 
Of Oeparture, Intended Oestinltion And Servicu Obtainld. 

We were eleared for visual approach to runway 6R behind a JAL 747. We flew the ILS 
to runway 6R handflown below 1000' by the Firat Offlcer. The ILS guidance was foliowed 
to 100 1 then v1aual to land1ng. Flare was started @SO'. we made a hard land1ag and the 
nose pitched up. We both pushed it over and landed. Rollout was normal. Damage to 
the tail section was noted. 

P1lot'e SŁltement 

1.~gn'N" __________________________________________________________________________________________ _ 

2. Type Or P,int N,me __________________________________________________________________________________ __ 
3.Trtll ______________________________________________________________________________ ___ 

Det8 RIportRI,.1v1ld 

P_' 



MD-11 STANDARDS PROGRAM FOR 
SIMULATOR TRAINING 

I. Briefing Items: 
A. FMSGlass Cockpit Philosophies 
B. PF vs PNF Duties 
C. Captain Training vs First Officer Training 
D. Windshear 
E. CrossWind LandindAdverse Runway Landing Techniques 
F. Taxi Techniques/Use of Thrust 
G. Use of FCP/GCP 
H. Use of Anti-Ice 
1. T a k a  Technique: Normal vs V 1 Cut (loss of 1 or 3 vs #2) 

J. Toil Strike Awareness: Takeoff and Landing 
K Flows: 

1. Cockpit Set-Up: CaptainlFIO 
2. After Start 
3. Cleared to Configure 
4. Before TakeOff Checks 
5. After Takcoft Checks 
6. Before Landing 
7. After Landing 
8. Shutdown 

I. Normal T8keoff: MauuaYFCP vs AUTO 
2. V 1 Cut: ManuaVFCP vs AUTO 
3. One Engine h o p  Approach 
4. Loss of Secoad Engine 
5. Non-Precision Appmacb 
6. Two Engine h o p  Approach 
7. Steep Turns 
8. Stalls 

L. Profiles: 

I. Briefing lłems: 

MD-Il STANDARDSPROGRAMFOR 
SIMULATOR TRAINING 

A. FMS/Glass Cockpił Philosophies 
B. PF vs PNF Duties 
C. Captaia Trainiag vs Fint Offieer Traiaing 
D. Windshear 
E. CrossWiad LandingfAdverse Runway Landiag Techniques 
F. Taxi TechniquesIUse ofThrusł 
G. Use of FCP/GCP 
H. Use of Anti-Iee 
I. TakeOffTechnique: NormaI vs V I Cut (loss of I or 3 vs 1#2) 

J. Tail Strike Awareness: TakeOff and Landiag 
K. Flows: 

I. Cockpit Set-Up: CapłaiDIF/O 
2. After Start 
3. C1eared to CODfigure 
4. Before TakeOff Checks 
5. After TakeOff Checks 
6. Before LandiDg 
7. After Landing 
8. Shułdown 

L. Profiles: 
I. Normal TakeOff: ManuallFCP vs AUTO 
2. V I Cut: ManuallFCP vs AUTO 
3. One EngiDe IDop Approaeb 
4. Loss of Second Engine 
5. Non-PrecisioD Approacb 
6. Two EngiDe Inop Approaeb 
7. Steep Turus 
8. Stalls 
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MD-ll FLIGHT INSTRUcrOR GUIDE 

BCAN 

PRE·BIIIEF 
As requINcI to ado4!lIlly _Iho lralning ""ntl to bo co.· 
_ dumg lhI period. 

TllAIHING OBJECTIVE 
_ piIoI_lnlhlbUle copoIIII"iII oItho MD-ll tIWugh 
_ fIyIng IllIn:I_ (no _11IgIII) and tho Uli Ol onty bUle 
___ n (no FMS). 

DISCUSSIOH 
• __ P_M 

• Non _ ApprQacnI. 
• Procedurw TUrni 
.VDP~1on 
• FlIp/SIII SchoclUII .... AIJproach Contlguration 

• PftcII AIIIIUCIo __ I ·_10 
• C .... ConI9nIiOn 
.T_Cont~ 

• LIndInO ConIOUCIOft 
• TaB .,.. A ........ ID tbllInCIIng , ...... DilcullIIncIng 
lIChnąIM 10 be __ ID pIeVInI_. 

• A pIId\ angIo .12" on tho PFD mar ClIlI. 1l1li_ 
• HominoIpItdI angIo 11_ (1.25VI) wlhZłIO "'"" 

dtlcant .... kIIt ...... wIR bo II -.. 10' 
• A ___ .Ih fttpo .. 35" y\IIdI • '" pilch ..... 

l_ on !ho PFU • wIh lIopo 50' lhI pilch II S" 
• /14 1.3V. tho pIId\ l/IgII wIIlnCre_ ~Iy '". · T_ .. ___ In __ wIh high m .... 

_ .. on _ O .... .." .. nrtyllo ... Incnulng pilch __ o 

-1IOIIIng In ........... ..-_. )r' 
"HIgh _nt _ 011_ wlh ..... -111- eon 
__ ....... _ łnlrtJa_ 

• Tho_,*"*,,,_g __ by_gftIUIId 
lPOfItr cIIpIoymtnIlllIIIIn łIIIt apln-up cen _ 001"_1 to ... --" -..... pIIchIng _ ara _1Itd H 1111 IUtoIIIIIJe 
lPOfItr_nl ....... ___ gon 101ul_ 
on"" gur apiIHJp _,thon II*yIng UnlR!ho no .. łIIIt II on 
l1li ground. Tho _ pIIchIng mo ..... _m", In II1II_ 
...., .. bel_--..... beaggralli'łllY OOIIntl"" I • 
l1li_1110 be __ . 

·CATI/IłI,_; __ ......-;..; _ngl 
• CI , .. Ind _ingI 

WCUdYIWl 

INsnUICTOR NOI'ES 

b e 
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MD-11 FUGHTMANUAL 

SuEctlON OF FLAPS s(r 

. .• 
MD-11 FUGHT MANUAL 

UINQIIlli PBQCEIII/BU 

LAHIlIHG!'UP SETTIN(I 

No!mo!lanóing ftIp -.go moy be ftIpo 35" ... SD' 
dopendIng opon-

One O( """" Oł !Ile _00 __ mIgtII _ 
ftIpo 50' lO 1IOComo1he ~ loMIng ftIp 1OIIIng. 

• Taifwłnd. 

" CcnIaMinallClrunway. 

" Early tum cli Ol' -intI loMIng .... 

• MOn lIIdng grca WłIigtrt 1.180' ; l. ci with any of 1110 __ . 

SELECTION OF FUPS 50' 

~ PriatioFAF_Ciptlfdll.f1CItfromfiJ: 
., runway II uno .. "" lOng. _ __ 35" ____ 1110 

_ 1I/ICI1n.pooIIIon.,_ .......... 
__ c~. In 1II'f-. 
1110 ....... _ bo In 1110 łnaI 
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Executive Summary 
In accordance with an agreement between the FedEx Pilots' Association ( P A )  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 3 1, 1997. ALPA has evaluated 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 Human Performance report should go into greater detail concerning how 
a visual approach that appears to 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 maintenance 
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 is actually analysis. 
The NTSB Systems and Structures reports 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 a 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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Executive Summary 
In accordance with an agreement between the FedEx Pilots' Association (FP A) and the Air Line 
Pilots Association (ALPA) dated lune 12, 1998, ALPA has reviewed information provided by 
FP A and certain additional material regarding the accident involving Federal Express Flight 14, 
wbich crashed at Newark, NJ on July 31,1997. ALPA has evaluated the progress ofthe 
investigation to dale and suggested possible actions for FP A to use as a guide for their 
subsequent actions as a party to the investigation. 

In generał, we feel the following areas merit continued attention: 

• The Operations and Human Performance report should go into greater detail concerning haw 
a visual approach that appears 10 have been f10wn 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 lhis 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 maintenance 
history of the aircraft, incJuding at least two documented hard landings, is not included in the 
data that was provided for aur review. 
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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 is actually analysis. 

The NTSB Systems and Structures reports provided for our review could be improved by a 
more thorough examination of aIl possible causes. The current state of these repons may 
reflect either a work in progress or simply a laek of available resources. However, more 
detail would prevent the potent.ial 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 Dr 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 10 supplement, not repJace, those that FP A 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 3 1, 1997 involving Federal 
Express Flight 14 (FDX 14). This report represents an evaluation of the state of the 
investigation, 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 Aircraft 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- 1 1 Tailstrike Awareness Training handout, briefing, simulator instructor notes, 
and simulator 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-I 1 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 
aircraft certification. 
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Introduction 
This report was prepared pursuant to the agreement between the FedEx Pilots' Association (FP A) 
and [he Air Line Pilots Association (ALFA) dated June 10, 1998. In accordance with [hat 
agreement, [he Engineering and Air Safety Department of ALP A has reviewed material provided 
by FP A pertinent to the MD-l1 accident at Newark. NJ on July 3 J, 1997 involving Federal 
Express Flight 14 (FDX 14). This report represents an evaluation ofthe state of the 
investigation, comments and observations on products provided by FPA, and recommendations 
for FPA action. The following documenls were provided for ALPA review: 

• NTSB OperationslHuman Peńormance Group Field Notes and Factual Report with 
Attachment VI 

• NTSB Structures Group Factual, addendum to Factual, and Field Notes 

• NTSB Digital FJight Data Recorder Group Factual with attachments (includes DFDR tabułar 
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 Peńormance Group's Field Notes and Airplane Performance Study with 
Attachments (includes DFDR data displayed graphically). 

• Boeing Douglas Products Division (DPD) Sink Rate Analyses (provided [O 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. lire analysis. 

• Bridgestone Aircraft Tire Co. lire analysis. 

• Several packets ofphotographs (approximately 700-800 total photos) - sources generally 
unknown (except for one package labeled "FAA photographs"), but appear to be primarily 
fromDPD. 

• FedEx MD-II Tailstrike Awareness Training bandout, briefing, simulator instructor notes, 
and simulator guide. alI dated June 1996 

• FedEx MO·!l student guides for AST 3, 6, and 9, all dated April 1996 

• Ex.tracts from the FedEx MD~ll Flight Manual, pages 7·45 through 7-47, 7-99 through 7~ 
]04.7·1-6-1 through 7·1-6-2, various dates, assumed to be current as ofthe accident date. 

• 

• 

Numerous e·mail messages (printed) to/from DPD, FPA, NTSB, and consuJtants concerning 
the accident. 

Selected extracts from 14 CFR Part 25 (Federal Aviation Regulations) concerning transport 
aircraft certification. 
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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 
individually identified (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, extensive 
analysis of details contained solely in photographs was not done. 

The following documents were obtained in-house by ALPA: 

MD-11 L a m  Schematics 
Digital Flight Data Recorder (DFDR) data from other MD- 1 1 accidentshncidents. 

MD- 1 1 F FAA Type Certificate data 
Jeppesen charts of approaches and runway at Newark 
Selected extracts from 14 CF'R Part 25 (Federal Aviation Regulations) concerning transport 
aircraft certification. 

In general, we reviewed documents in the order in which they were created to be able to evaluate 
them in the context of the information that was available at the time 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 P A ,  additional information might 
exist of which we were not aware. We cannot guarantee that our observations and conclusions 
will remain valid in 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 all of our observations are 
about the NTSB reports or their conduct of the investigation. This is an important distinction to 
make inasmuch as the NTSB Factual Reports 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 
items represented to be factual in the NTSB reports are the product of direct observation of 
factual material, not derived conclusions. 
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analysis, but these attempts were unsuccessful. The photographs provided were generally not 
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In generał, we reviewed documents in the order in which they were created to be able to evaluate 
them in the context of the information that was availabłe at the time and to avoid introducing a 
bias caused by later developmenrs. The review included checking technical and procedural 
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attempt to identify and substantiate causal factors was beyond the scope of the agreed upon 
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absence of a particular piece of data in a report suggests it may need to be obtained). For other 
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use in the development ofthe FPA Submission to the NTSB. Not all of our observations are 
about the NTSB reports or their conduct of the investigation. This 1S an important distinction to 
make inasmuch as the NTSB Factual Reports are necessarily limited to facts, as opposed to 
analysis. Reports, studies, and analyses conducted by NTSB or arrcraft and component 
manufacturers have no such restriction. Since NTSB includes the expertise of parties to the 
investigation 10 aid in the devełopment ofFactual Reports, it becomes critical to ensure that 
items represented to be factual in the NTSB reports are the producI of direet observation of 
factual material, not derived concJusions. 
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Specific Issues 

Operational and Human Performance 
Arguably the most significant aspect of this accident is how an apparently normal MD- 1 1 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 differentiate stable from unstable approaches all 
reflect little or no variation. Airspeed was within 3 knots of VmF, 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 only in 
the portion of the landing maneuver below about 30' that parameters are not strictly in 
accordance with the guidance given to crews. Viewed subjectively, even that portion is not 
significantly different from the guidance. The landing attitude is established somewhat late, but 
the pitch is not excessive. The most significant deviation from published guidance through the 
first touchdown is 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 recurrence, eventually MD-11 operators will have to tell 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-I 1 
Student Guide says the nominal pitch attitude on final is 5" with 50' flaps and that the nominal 
landing attitude is 10-1 I". The same guide says the flare maneuver used to transition from the 5" 
attitude to the 10-1 1' attitude is a 2.5Opitch change. Between the flight manual and the MD-I 1 
student guide, a pilot can find references of a landing attitude of 7", 8 O ,  go, 1 O", or 1 1 '. The 
tailstrike awareness guide refers several times on page 4 to a parameter called "attitude rate." It 
seems likely that this is simply an editorial error and should be "pitch 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 aircraft and the , . .vertical 
velocity." This is true, but only covers part of the process. Lift and drag increase as well, and 
airspeed margin above stall must be considered to evaluate the aircraft's energy state. 

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. 

The fact that the left landing light was discovered by the crew to 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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Specific Issues 

Operational and Human Performance 
Arguably the most significant aspect ofthis accident is how an apparently normal MD-II visual 
approach turns into an accident with no prior indications of impending disaster. The recorded 
DFDR data and the crew interviews reflect a nearly f1awless approach down lO the initiation of 
the land ing flare. Parameters typicałly used to differentiate slabie from unstable approaches aJl 
reflect little or no variation. Airspeed was within 3 knots of VREF, average fale of descent down 
to fifty feel was 822 feel per minute, and the glide slope deviation was essentially zero. These 
parameters, along with the "beok" values, are presented in tabular form in Figure l. It is onły in 
the portion of the landing rnaneuver below about 30' that parameters are not strictly in 
accordance with the guidance given to crews. Viewed subjectively, even that portion is not 
significantly different from the guidance. The landing attitude is established somewhat lale, but 
the pitch is not excessive. The most significant deviation from published guidanee through the 
first touchdown is 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 eontribules to excessive pitch up and tailstrike, neither of whieh occurred here. The land ing 
attitude was established late enough that the inertia ofthe aircraft could not be dissipated in time 
to reduce the descent rate prior to touchdown, which likely !ead 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 recurrence, eventually MD·}} operators will have to ten crews what not to 
do in order to avoid a similar accident. The Operations Group Factual should jnclude 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·] l 
Student Guide says the nominal pilch aUitude on final is 5° with 50° flaps and that the nominal 
landing attitude is IQ. l l°. The same guide says the flare maneuver used to transition from the 5° 
attitude to the 10-1 1° attitude is a 2.5° pitch change. Between the flight manua! and the MD·II 
student guide, a pilot can find references of a land ing attitude of 7°, 8°, 9°, 10°, Dr 11°. The 
tailstrike awareness guide refers severaJ times on page 4 to a parameter called "atti[ude rate." It 
seems likely that this is simply an editorial error and should be "pitch rate." Nevertheless, the 
guidance deseribing such a critical aspect of MD-II operations should be editorially perfect. 
From a teehnicaJ standpoint, the same guidanee has a partially correet statement that we consider 
significant. In deseribing the potential hazard of trying to arrest a siok. rate with the elevator, the 
guidance says, "This ... increases botb the effective weight of the aircraft and the ... vertical 
velocity." This is true, but onły covers part of the process. Lift and drag increase as well, and 
airspeed margin above stall must be considered to evałuale the aircraft's energy stale. 

RECOMMENDATION l: The Operations and Human Performance Group should 
ensure that al! guidance to crews regarding landing is inc1uded as appendices and 
that discrepancies between the documents are noted. 

The faet that the left land ing Iight was discovered by the crew to be inoperative is in the Ops 
field notes but not the factual repon. This shouJd be inc1uded for completeness, but also to 
enabJe subsequent analysis of possible visuaI iIIusions or restrictions as possible contributing 
factors. 
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Parameter 
Visual approach 

Guidance Provided (Source) 
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) 
Airspeed & 5 kts 
ROD 5 1000 fpm (Flight Manual, pg 7-47) 
650 to 800 fpm in normal landing configurations 

Acceptable performance 
on visual approach 
Normal approach descent 
rate 

Accident Approach & Landing 
RA went from 50 I ' to 55' in 34 seconds, 
which is 787 fpm 

From RA 1015' to RA 55', average ROD 
was 822 fpm and airspeed was VREF ~ 2 . 5  
RA decreased from 50 I '  - 55' in 34 seconds 
(787 fnm) 

Normal pitch attitude on 
approach 
50 and 40 foot CAWS 
callouts 

5" with 50' flaps (MD- I 1 Student Guide) 

Maintain stabilized flight path unless sink is high (Sim 

30-40 feet 

Pitch varied around approx 3-4"; 
GS dev < 5% of full scale 
From 136' to 36', variations in: 

30 feet 

Flare 2" (Flight Manual, pgs. 7-46, 7- 100) 

Nominal landing attitude 
(hypothetical) 
Nominal landing attitude 
(real world) 

RA: 501' - 55' in 34 seconds (787 fpm) 
Between 35-45', pitch decreases approx I ", 
then increases by 2.5' (net increase 1 S") 
below 35' 

Basic landing technique 

Initiate smooth 2.5" flare so as to arrive below I O  feet in the 
landing attitude (Sim Training Guide) 

"Advanced" landing 
technique 

Pitch change from 30' to 10' was 
approximately 2". Pitch change from 30' to 
touchdown was annroximatelv 4". 

9" at flaps 50 (Flight Manual, pg. 7- 100) 
7-8" at flaps 50 (Flight Manual, pg. 7- 100) Pitch at TD: 7.5 - 8.5' 

~. 

Training Guide) 

Below I O ,  hold the "fully flared" attitude (2-4 fps) by 
applying required control wheel pressure (Flight Manual, 
DE. 7-46) 

Pitch: 0.7' Bank: 1.0" 
NI:  2% IAS: 2 kt 

At IO, pitch is 4.5-5". Below lo', pitch is 
still increasing toward a maximum of 
aDDrox 8.5" at first touchdown 

Below IO', lower the nose 1" (Flight Manual, pg. 7-46) Below IO', pitch is still increasing toward a 
maximum of approx 8.5" at first 
touchdown 

IO" at I .25 Vs, add 1 "  for I .3 Vs (MD- I 1 Student Guide) I Pitch at TD: 7.5 - 8.5" 

Parameter Guidance Provided (Source) Accident ADDroach & Landinł! 
Visu al approach ROD not to exceed 1000 fpm (Flight Manual, pg 7-45) RA went [rom 50 I' lo 55' in 34 seconds, 

Typical ROD for 3° visual głidepath is 700 fpm no wind 
(Flight Manual, pg 7-46) 

which is 787 fpm 

Acceptable performance Airspeed ± 5 kts From RA 1015' to RA 55', average ROD 
on visuaJ aooroach ROD < 1000 fom (Flight Manual, pg 7-47) was 822 fpm and airspeed was V REF + 2.5 
Normai approach descen! 650 to 800 fpm in normaJ Janding configurations RA decreased from 50 I' - 55' in 34 seconds 
rale (787 fpm) 
Normaj pitch attitude on 5° with 50° f1aps (MD-II Student Guide) Pilch varied around approx 3_4°; 
annroach GS dev < 5% of fuli scale 
50 and 40 foot CAWS Maintain stabiJized f1ighł path unless sink is high (Sim From 136' to 36', variations in: 
callouts Training Guide) Pilch: 0.7° Bank: 1.0° 

NI: 2% lAS: 2 kt 
RA: 50 I' - 55' in 34 seconds (787 fpm) 

30-40 feet Flare 2'(Flight Manual, pgs. 7-46, 7-100) Between 35-45', pilch decreases approx l°, 
then increases by 2.5° (net increase 1.5°) 
below 35' 

30 feel Initiate smoolh 2.5° f1are so as to aITive below 10 [cel in (he Pitch change [rom 30' lo 10' was 
Januing attitude (Sim Training Guide) approximately 2°. Pilch change from 30' to 

touchdown was aooroximatelv 4°. 
Nominallanuing i1ttitude 10" at 1.25 Vs.add I" for 1.3 Vs(MD-11 Student Guide) Pilch at TD: 7.5 - 8.5° 
(hvDothetical) 9" at naps 50 (Flight Manual, pg. 7-100) 
Nominallanding attitudc 7-8" at naps 50 (Flight Manual, pg. 7-100) Pitch at TD: 7.5 - 8.5" 
(real worki) . 

Basic land ing Icchnique Below 10', hold the "fully nared" attitude (2-4 fps) by At 10', pitch is 4.5_5°. Below 10', pilCh is 
applying required controJ wheel pressure (Flight Manual, stil! increasing toward a maximum of 

I P •. 7-46) approx 8.50 at first louchdown 
"Advanced" land ing Below 10', lower the nose 1° (Flight Manual, pg. 7-46) Below 10', pite h is stil! increasing toward a 
tcchnique maximum of approx 8.5° at first 

touchJown 



I Parameter 
1 Bank angle at touchdown 

Bounce recovery 

1 Guidance Provided (Source) 
"Excessive" bank angle close to the ground can result in 
wingtip contact (Flight Manual, pg. 7-102) 
Worst case crosswind should result in a 6" bank angle 

Bounce recovery 

(Flight Manual, pg. 7- 102) 
Maintain 7.5"pitch and arrest sink with thrust (FDX MD-I I 
Tailstrike Awareness material) 

I fa  high bounce occurs, initiate a go-around (Flight manual, 
pg. 7-101) 

Figure I 

Accident Approach & Landing 
Max recorded bank angle 9.49" 

Resolver angles increasing prior to first 
touchdown and continue forward, NI 
increase lags by about 2 seconds; pitch 
decreases to -0.7". 
Maximum altitude between touchdowns 
calculated to be 5 feet. 

n 
u 
-. 
3 

Parameter Guidance Provided (Source) Accidenl Approach & Landine 
Bank angle al touchdown "Excessive" bank angle cJose lo the ground can result in Max recorded bank angle 9.49° 

winglip contact (Flight Manual, pg. 7-102) 
Worst case crosswind should result in a 6° bank anglc 
(Fliohl Manual, DO. 7-102) 

Bouncc rccovery Maintain 7.5u pitch and arrest sink with thrust (FDX MD-II Resolver angles increasing prior to first 
Tailstrike Awareness material) touchdown and continuc forward, NI 

increase Jags by abou! 2 seconds; pitch 
decreases to _0.7u

. 

Bounce rccovery If a high bounce occurs, initiate a go-around (Flight manual, Maxirnum altitude betwccn touchdowns 
'DR.7-101) calculated to be 5 feeL 

Flgure I 



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 least two MD-11 accidents 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 employed, 
the pilot must consciously overcome not only instinct, but potentially all of his or her training in 
other aircraft. 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 seconds to decide that, in spite of no adverse indications during the approach, 
the landing attempt must be aborted. Similarly, if the only nonstandard pilot action is failure to 
freeze the pitch below lo', time to recognize that fact and react to it is extremely limited. The 
"reasonableness" of this requirement should be evaluated in a 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 impact 
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 load 
and that should be thoroughly evaluated. Similarly, 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 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 
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The report should be expanded to include more detailed discussion of the human factors aspects 
of the accident. For exarnple, 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 least two MD-Il accidents have highłighted this 
interaction. The guidance given to crews cautions against puJling back on the stick to arrest a 
sink rale. While this may be aerodynamically sound advice, for it to be effectively employed, 
the pilot must consciously overcome not onły instinct, but potentially all of his or her training in 
other arrcraft. This need to "unIearn" lessans that are generally ingrained in pilots from an early 
stage oftraining shoułd be evaluated for its soundness. 

The guidance given to pilots says they should start to flare as łow as 3D' and hoJd pitch constant 
below 10'. It also says descent rales ofup to 1000 fpm are acceptabłe. This accident shows 
clearly lhat 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 land ing (indicating the need for a go-around), thal decision would 
have to be made between 30' and W'. At up to 1000 fpm descent rate, lhat means a pilot may 
have as linIe as 1.2 seconds 10 decide lhat, in spite of no adverse indications during the approach, 
the landing attempt must be aborted. Similarly, if the onły non-standard pilot action is faiłure to 
freeze the pitch below lO', time to recognize that fact and react to it is extremely limited. The 
"reasonableness" ofthis requirement shoułd be evaluated in a human performance context. It 
should also be evaluated for compliance with the FAR requirements that preclude development 
of procedures that require more than average pilot ing skill. 

In the documents made available for Dur review, there is no discussion of possibJe 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 land ing iIIusions that 
could be more fully developed. Conversations with FP A suggest that the crew who operated the 
aircraft into Taipei on the earlier leg offlight 14 experienced an exceptionally hard landing. 
However, the FDR data made availabJe 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 
[he accident arrcraft might prove beneficjal to understanding this apparent discrepancy. 

There are e-mail references to the fact that no one on the f1ight 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 impact 
was not "memorable" because the people were momentarily traumatized and blocked it out, then 
the issue can be cłosed. However, if it wasn't memorable because ił wasn't particularly severe 
that raises the possibility that the gear was somehow unable to withstand a "norma)" land ing load 
and that should be thoroughly evaluated. Simiłarly, the DFDR reflects the airplane rolling 
RWO, then left (toward wings level), then RWO again, but the f1ight deck crew does not 
describe that back and forth motion in any of their statements. 

RECOMMENDA TION 2: The above Human Performance issues can generally be 
tied to the available guidance or (he inoperative landing light. lf those facts are 
incłuded in [he Factual Report, then the rest of the above discussion can be 
deveJoped by FP A in its submission. To fully understand and evaluate the human 
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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-I 1 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 have occurred, yet 
the structure would have been stressed to just short of failure. Would the existing hard landing 
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 available for 
our review do not contain references to the MD- 1 1 maintenance manual. The maintenance 
manual, page 601, uses 2.2g and 10 fps (a? max landing weigh?) 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 explicitly 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 accidenthncident 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- 1 1 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 to 9.49 in 0.5 seconds is a rate of 7.02, and 7.02* pi/l80 * 17 equals about 2.08). 
Nevertheless, it shows that the data in the DPD report may not be fully 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 

Final Revision 

factors phenornena above, we recommend that FP A contac! the NTSB Hurnan 
Performance specialists or other individuals with academic expertise in Human 
Performance issues. 

Maintenance 
We feel this accident has a significant maintenance dimension. An MD·1! can clearly 
experience a landing hard enough to do significant damage without readily apparent cues to the 
crew or clues on the DFDR. lt logically follows then that the existing process for determining 
when hard landing inspection is required may be inadequate. If the accident land ing had been 
juS! slightly less stressful on the gear, we can postulate that no accident would have occurred, yet 
the structure would have been stressed to just short of failure. Would the existing hard landing 
inspection call for teardown and inspection of al1 the part s tha! may have failed early in the 
sequence for this accident? Ponions of the Structures Group Factual Report made available for 
our review do not contain references to the MD-Il maintenance manua!. The maintenance 
manual, page 60 l, uses 2.2g and 10 fps (at max landing weighr) as benchmarks for when a hard 
land ing inspection is required. There is no mention of means a mechanie can use to determine 
ROD at touchdown. It isn't captured explicitly 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 land ing might not even resu!t in a hard land ing inspection. This apparent discrepancy 
shou!d be fully eva!uated. 

The accident airplane has an accidentlincident history. As we understand it, the same ship 
number had been invo!ved in at least two other documented hard land ing events. The records of 
maintenance actions performed after those events should be evaluated for their re!evance 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 MO-l! hard land ing 
inspections. 

Performance 
WhiJe the OPD docurnents 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 OPD Sink Rate 
Analysis contains at least two errors. The errors nearly offset one another (a roll change from 
5.9810 9.49 in 0.5 seconds is a rate of7.02, and 7.02* pi/l 80 * 17 equals about 2.08). 
Nevertheless, it shows tha! the data in the DPD report may not be fully developed and 
thoroughly checked. In general, we feel that derived or ca1culated values such as these should 
always be substantiated by "show ing [he work" (in this case, [he sJope caJculation). Ifthe OPD 
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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. 
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Figure 2 

Although we are not specifically familiar with the "Adams-Bashford 2" integration technique 
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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caJcu)ations are incorporated in NTSB documents, they shouJd be independently verified and the 
calculation method, not just the resułt, shoułd be thoroughly documented. 

The eomputation referenced above derives a loeał sink rale at the RMLG from the roll rate. 
However, it does not ioclude inertiał effects. During lhe one second at subfrarne 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 rale that changes instantaneously to a 9.84 degree per second 
left wing down roll rate. The sharp "point" that this ereates on the plot may ałso be the 
approximate time of ground contact. However, whether the change from right roll to left roll is 
assumed to be from control inputs ar ground contact, the change must be consistent with the time 
needed to change the direction of the mass of the aircraft. Ali that can be said for certain is that 
the roll was the recorded value at the recorded time. Theoretically, any !ine passing through 
those points, straight ar curved, sloped up or down, could have been the actual retlection of the 
motion of the aircraft. Figure 2 ilIustrates some of the infinite possible variations of this 
phenomenon. The słope ofthe linefrom the first point (instantaneous roll rale) may well be 
greater than a value derived by assuming a straight !ine between the twa point s, but the slope of 
the łine into the second point can be significantly less, or even the opposite direction. In the 
specific case under study here, this means the actuał roll rate coułd have been different from the 
rate in the DPD document. 
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Although we are not specifically familiar with the "Adams-Bashford 2" integration technique 
used lo develop the ROD numbers, it appears łikely to be an accurate analytical 1001. However, 
like a1l the calculations referenced here. it must be taken in the context of any assumptions and 
limitations inherent in the process (none ofwhich are listed in the DPD documents). Integration 
techniques we're familiar wilh rely on establishing a k.nown accurate poim in space from which 
10 start the calculation and are very sensitive to variation in that start ing point. From the 
documents provided for our review, il cannot be determined that the integration from 30' AGL 
through the second touchdown has that known start ing 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 (RS). Taken out of context, these deflections do 
correspond 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 R5 
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. 

-.- 

Chart shows distance the "lower" pear would touch down prior to the "upper" gear (in 
feet). Values are based on 34 feet between the gear and a kound speed of 1.52 knots. 

Figure 3 
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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 is 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, etc.). 

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 
first touchdown, the increased thrust, as indicated by N1, 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 increase should be nose down, but conversations with MD-I 1 
pilots suggest it is nose up. DPD should be able to confvm 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 results 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 "plt3p" dated August 5, 1997, there is a column 
called "Calculated 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 
informat ion. 

Structures 
Several of the documents 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 load 
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). To 
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. 

L 

The document produced by Messrs. Feldman and Cybulski (part of the DPD "Failed Parts 
Inspectioflvaluation" team) says "A load of 2.5 million pounds is required to break all 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 FeldmadCybulski document also says that the flap track failed due to a 2.1 1 g 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 to 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 actually buckling on both surfaces. 

The photographs of failed parts (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 original 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 
to 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. 

L 

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 fully 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 bum, but that this feature is active only in cruise flight. With a 
mature design that has been in service for a number of years, there should be a more 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 should include thorough 
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 sustainable by landing gear. However, the 
calculation process required to equate the loads acting on the accident aircraft with the load 
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 level 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-IO 
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. It is unclear whether there is 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 investigate 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- 1 1 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 possible 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 landing. 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 2 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 include thorough documentation of systems 
operation and DFDR indication of normal and abnormal operation. 
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--- ..... __ .. ~--

Recommendations extracted trom the report 

RECOMMENDA TIO~ l: The Operations and Human Performance Group should ensure thai 
aU guidance to crews regarding landing is includcd as appendices and that discrepancies between 
the documems are noted. 

RECOMMENDATION 2: The above Human Performance issues can generally be tied to the 
avaHable guidance or the inoperatlve landing Iight If those facls Me Jncłuded in the Factual 
Report, then the rest ofthe above discussion can be developed by FPA in its submisslon, To 
funy understand and evaluate the human factors pbenomena above, we recommend rhat FPA 
tomact the NTSB Human Performance specialists or otber individuals with academk expertise 
in Human Performance issues. 

RECOMMENDATJON 3: The Struclures Group (or a sep.r.te mainten.nce records groupl 
SllOUld obtain repair and related maintenance data for the accident airpJane, evaluate tts 
reJevance. and consider including it in the Factual Report. ThiS would allow the parties to assess 
the adequacy of current MD-1I hard landing inspections_ 

RECOMMENDA TION 4: Data used for Ihe investigation that i5 not directly measured should 
include a complete discussion of the origin of any derivation process, the assumptions that are 
induded. limitations on the process, and susceptibJJity to errors. Ideally. the entire derivatjon of 
values, not just the result. should be shown. Any data used tn studies or other analytical products 
should be similarly explained. 

RECOMMENDATIQN 5: The Structures Group shouJd attempt to idęntify pertinent 
photographs. then catalog those photographs for indusion in the factual record. 

RECOMMENDA nON 6: The Structures Group should be asked to verify 1hat therc was 
actually buckling on both ,u<face,. 

RECOMMENDATION 7: FPA should r<que,t .dditional analy,is (or vefifieation ofthe DPD 
analysi') ofselected failed parts by rhe NTSB metallurgislS. 

RECOMMENDATION 8: The Systems GroUI' sIlould reque'l detailed informarion on Ihe 
LSAS and aiJeron systems from DPD. Tbis sbould include thorough documentation of systems 
operation and DFDR indication of norma) and abnormal operation. 

15 
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May 7, 1997 

Cindy Keegan 
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D."""rvCo~e 0;27 
3'31D.moc'.· 8.'0'0;:: 
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National Transportation Safety Board 
490 L'Enfant Plaza East, S.w. 
Washington, DC 20594 

RE- Aircraft Accident Investigation, DCA97MA055 

Dear Cindy, 

:0 ","0-0 gC :'z~ 550;; 
;~,~O· :,~ó·:c 

IR\J '8l 
"~' 

Attached is the MD- I l Aircraft Maintenance Manuał, Chapter 5, that outlines the progressive 
cheeks accomplished for Hard Landings. We checked with DPD and our procedures are 
identical to those they originally provided us. 

Ifyou have any questions, płease contact me . 

. ,-
(901) 224,5127 
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R 

1. Cancral 
A. 

8.  

This procedura has the'fnr+ruc~onr t o  do an hrpection of the 
a i r c ra f t  after a hard landing. 

A h u d  llnding condition occurs when the a i r c ra f t  land8 at a 
.ink-rate of mom +ban 10 ft (3.048 a) for each secondr at or 
k l o w  tho dm8ign 8tr~C'tUr.l landing might .  The 
nrinimpn C-load w i t h  a sink rata of 10 f t  (3.048 a) for each 

weightr is 2.2C. Also, a hud landing condition occurs when 

stnactural landing n i g h t .  If  the rink-rate cannot be found 
when the aircraft land88 do tha hard landing inspection. 

8eCOndr &t O f  k l m  +he 8truC' tad landing 

+be aircr8ft &-dS 8t a 8--r8- Of 1Dof .  than 6 ft (1.8288 m) 
for 08ch socond, 8t  might  more than the dosign 

C .  A f t e r  a hard landiag, the amas to examine for damage are: 

D. 

- Th. nose landing gear - Tbe m a i n  landing gear - The centerline landing gear - The fU8el8ge - The wing - The horizontal tail (8tabiliter and elevators) - T h m  vmrtical tail (stabilfrer and rudders) - The na-lles and pylons. 

If damago is found during +hi8 in8pxtionr make a list of the 
data that  follows: 

(1) The load f&ctor and tha ahspeed read-out8 from the f l i g h t  
data recorder. 

( 2 )  The fuelr  pa8senger and cargo load distribution. 

( 3 )  

( 4 )  The dry-nitrogen p n s . p n  (psi  or kPa) in a l l  the landing 

( 5 )  

The gro8s-uaight of tha 8ftCraft and th8 center of gravity 
(cg) location at tho t h e  of the hard landing. 

gear StSUt8. 

Tho ' m t i t y  of oi l  ~ C U .  in. or cc) in a l l  the landing gear 
* struts. 

I E r r r A L L  105-51-03 
Pago 601 

AUg 1/95 
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łWW LNfpIHG - INSPECTION/CBECK 

l. General 

A. '!'hi. procec!ure h •• th.· inatruction. to 40 an inapectlon ot Ue 
aircraft after a harc! lan41nq. 

B.. A h&rc1 l&Dd1Dg con41tion occura wb.en th. aircraft land. at a 
aiDk-rate of .on thaD 10 f t (3.0.1 ., for •• ch •• con4, at or 
bel"" th • ...,._ 4.8191' at=ctvel lan41Dq wiqbt. ~. 
min_ a-loa4 vith a a!ak rata of 10 f t (3.048 a) for .ach 
•• cona, at or :belov th. "Z' __ a..ign atructural lanc.!il1g' 
-..ight, 1. 2 .. 20. Al.o,. har4 lan4ing con41tlOD occura wan 
th. aircraft lub at. aiDlt-rata ot IIOre thaD , f t (1.8288 II) 
tor •• ch •• con4, at _ v.19ht .ora than the maximu:m. 4 •• ign 
atruetural lan41.a9 ".lc;ht. Ił Ue a1nk-rate cannot be fOUDc! 
vbe" th. aircraft 1an4a. 40 th. bul! 1an4i"q 1Dspection. 

c. Aftar a hard lancUD9', tha an •• to ax··in• for 4amage &re: 

- ~ noa. lan41Dq par 
- '!'ha _iD lan4ing glar 
- 'rbe eenterliD. lan4iDq glar 
- Th. ta •• lICJ. 
- ~ v1Dq 
- Tha hori.caŁal tail Catabillzar and al.v.tora) 
- Th ... rtlell tail (at&billzar and rud4ara) 
- Tba nacall.. ane! pylona. 

D. Ił 4amag& 1. ł0Wl4 4uriDC; tlaia inapeetioll, mak. a liat ol Ue 
ata U_t foll0W8 z 

(l) Tbo 1084 factor an4 th. airapa.4 rea4-outa trem the tligbt 
4ata reeor4er. 

(2) 'rb. fuel, pa •• aDqar ancl cargo loacl 4iatributlon. 

(3) na qroaa-wig'ht of tha aireraft ud Ua center ol qrav1ty 
(Cg') loc_tlon at Ua tlaa of th. harct lan4inq_ 

(4 ) ~. o!ry-"itroq_" preaave (pai or kPa) in a11 th. lan4inq 
qaar atrut •• 

(5) na quantity of 011 ·(cu. in. or ee) .in all tha lanclinq q.ar 
atruta. 

R Im. AA ALf. 105-51-03 

ftDI DAU łUIJIc:t ~ unucnw loICZID ClI t'HtI 'Al:!. 
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( 6 )  Signs of mtal-to-untal 'bottoming' be twen the piston and 
the cylinder in a l l  the landing gear. 

The inspections are divided into tw groups: E. 

(1) A-check inspection. A n  i x temal  lnsp8ctiOn of the local 
u e a s  of visible damam and the 8tSUCtUrO and companents 
adjacent t o  t h m  damaged area. If damge is found in an area 
during the A-check la8p8ctionr tb. applicable B-check 
inspection of the lama ar8a becomes necessary. 

on the. damaged &ma8 found during the A-check inspection. 
(2 )  B-check inspection. A careful hmpmction w i t h  conmatration 

?. If there is stnactural damager refer to the m-11 Structural 
Repair Manual ( S W )  . 

TASK 0 5 -9 1- 0 3-2 0 0 - 8 0 1 
A - c m t a  ISISPECP~ON or THE AIR- wmt A BARO LANDING 

. . 2. Job Sat UQ 

xaamsbn 
Subtask OS-51-03-913-001 

A. ?b&Ures# Tool88 Test and Support Equipment 

-r Equivalent rnplacwmnts are permitted for the items that 
follow. 

Not specified 

Not 8pecifi.d 

N o t  specified 

Work platformr . 
7-8 it (2.1-2.4 rn) 

Work platfom, 
20 f t  (6.1 m) 

Work platfom, 
30 f t  (9.1 a) 

Not 8pecif fed Aerial a, manlift 

ULiiIMff] 
AIRCRAFT MAINTENANCE MANUAL 

(,) Slp. ot _ul-ta-metal -bottominq- hetween the piaton ane! 
th. cylinder in a11 the laJldlnq q_ar. 

E. 'rb_ in.pection. are 41 -vic1e4 1nto tvo qroup. s 

(l) A-ch.ck in.peetlon. Aft ezternal 1upectlon ot tha local 
are.' ot vi.ibl. 4aaap ue! the .tncture and compocent. 
a4jacent to Ue 4aaafJe4 ue.. II 4aaaq_ i. founc1 in aD &re. 
4ur1"g Ue A-check inopect1on. Ue appl1cahle B-check 
in.pectlon ot th. .... &rea beCOIDe' necel.ary. 

(2) B-cb.ck iD.pectlon. A carefu1 1Dapeetlon wiU coneentratiou 
on Ue. 4amaqe4 u..~ tOWld 4uriDq t:he A-cheCk inapectiOD. 

P. Ił there ! .. tructural 4amap, refer to the MD-ll structural 
Repa1r Manual (SIIM). 

~K 05-51-03-200-801 
A-CllBCII: DlSPEC'rIOII or '!'IlE AI1ICIłA!"r ArTElI A lWU) LAllDING 

2. Job SIt-UP InformotlQQ - BArd'Len4inq Cgq41tioD - A-Cbeck 
+fł'pls;tiOA 

Subtaak 05-51-03-943-001 

A. ł'1xture" '1'001', 'fe.t ane! Support Bqu!PM:!lt 

B52:ł Equl •• 1ent "pl.~Dt. ar. peraitted for ehe !t.m8 that 
follow. 

---------------------------------------------------------------
DESIGIIA~IOlf 

---------------------------------------------------------.-----
Hot specU1.4 Worlt plat.fora, 

7-8 f t (2.1-2.4 ID) 

Hot .pecU1.4 Kort plat.form, 
20 f t 16.1 II) 

Hot specU1e4 Kork platform, 
30 f t 19.1 II) 

Hot apec1fl.4 Aerlal boom, 1llU\1ift 

AJ. ALI. 1°5-51-03 
!BIl IMA RInCT W ułftr=:w r.GaID a. nn.I .AGI. 
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Subta.k 05-51-03-946-001 

B. Ref.renee Information 

---------------------------------------------------------------
REFERENCE DESlCNA'l'lON 
---------------------------------------------------------------
'l'ASE 05-51-03-200-802 
P/B 601 

'l'ASE 05-51-09-200-'01 
P/B 601 

'l'ASX 05-51-09-200-'03 
p/B 601 

'l'ASX 32-11-01-360-'01 
P/B 801 

'l'ASX 32-11-01-360-802 
P/B 801 

'l'ASX 32-15-01-300-'01 
P/B 801 

'l'ASX 32-15-01-300-'02 
P/B 801 

'l'ASX 32-21-01-360-'01 
P/B 801 

'l'ASX 32-21-01-360-802 
P/B 801 

M AL1-

B-CllECIt INSRC'l'lON Ol' '!'BE 
AIRCRAI"l' A!"l'ER A IIARD LANDING 

A-CllECIt lNSPEC'l'ION OP '!'BE NO. l 
AND NO. 3 ElIGIlIE PYLONS AFTER 
AR ENGINE PAILORE/OIIElILOAD 
CONDl'l'lON 

A-CHECZ IRS,ECTION OP ~ NO. 2 
ElIGINE PYLON AP'1'ER AR ENGINE 
I'ULtJRE-ovDLOAD COWITIOR 

lłEPLACElCEB'f OP 'l'D SBOCK 
S'l'IIO'!' P%S'l'ON SEALS -
SPARE SEAI,s INS'l'ALLEI) 

REPLACEMEII'l' OP '!'BE SIIOCX 
S'l'IIO'!' PlS'l'OR SEALS -
SPAltE SEALS ROT nrS'l'ALLEO 

UPt.ACEHER'r OP TBE CES'tER 
LANDDlG GEAIl SIIOCX S'l'RO'!' 
PlS'l'ON SEALS - SPARE SEALS 
INS'l'AIoLED 

RDLACDlEN'l OF '1'BE CENfEk 
I.AJlDDlG GEAIl SIIOCX S'l'RO'!' 
PlS'l'ON SEALS - SPARE SEALS 
NO'!' IlIS'l'AIoLED 

REPLACEMElI'r OP '!'BE NOSE 
I.AJlDDlG GEAIl SROCIt STaO'!' 
PlS'l'ON SEAI.s - SPARE SEALS 
lRS'l'AI.LEl) 

REPLACEIIIR'l' OP '!'BE SIIOClt 
S'l'IIO'!' PlS'l'ON SEALS -
SPARZ SEALS NO'1' IHS'rALLED 

1°5-51-03 
1'&9'. 60l 

Auq 1/95 
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Subta8k 05-51-03-210-001 

A. Do a visual inspection of  the nose landing 9.u (m).  If 
daaage is found during th8 A-check inspection, do the 8-check 

fnrp8ct ion  of  tha A i r c r 8 f t  A f t 8 t  a Bard Landing. 
f n 8 p e C t i O n  O f  th8 HLG. R0f.r BARD LANDING, B-check 

(Ref; Fig. 6Ol/TASt 05-S1-03-990-801) 
(Ref. F i g .  602/TAS% 05-51-03-990-802) 
(Ref. TAS% 05-51-03-200-802) 

TASX 05-51- 03-9 93'08 01 
Nose Landing Gear - A-Check Iaspection 

1 s t ru ts . ,  Wh8818r tin., - Plufd  l8aka 
doors, door attachment - Flaking p a i n t  
areas and wheal w e l l  - Rrista and bends 
area - Loosa f a s t e n e r s  or  r a s t e n e r s  

not  there 

other sign8 of  damage. 
- Cracked or  broken parts and 

2 Axle. - Distortion. 
Subtark 05-51-03-360-001 

B. If nec8ssary,  repair +he no88 landing gea r  ( m x ; ) .  Refer t o  
STRUT, NOSE LIUDING GEAR sa-8 Replacement o f  t h e  Shock S t r u t  
P is ton  S e a l s  - Span S e a l s  b8tdklled. R e f e r  t o  smm8 NOSE 
LANDING CEAR Sam,  R8plad.nmt bf the Nu; Shock S t r u t  P i s t o n  
Seals - S p u v  Seals not Xnrtallad. 
(Ref. TASX 32-21-01-360-801) 
( R e f .  TASK 32-21-01-360-802) 

Subtark 05-51-03-210-002 

C .  Do a visual insp.c+ion of th. main l anding  gear (KLG). If 
damage i 8  found during tho A-check in8pWtion8 do the 8-check 
inspaction of th8 Ktc. Uf8r t o  BARD W I N G ,  8-check 
1n.p.ction of the Aircraft Aftm a Rard Landing. 
(Mi. ?ig. 603/TASK OS-Sl-03-990-603; 
(,Ref. TASK OS-51-03-200-802) 

Page 604 
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3. Procldure - 8ar4 Lon4iM con4ition - A-Ch_ck In,pec:tlgn 

Subta.k 05-51-03-210-001 

A. Co a vi.ual in.pection ot' Łba ao •• lan4in; gear (HLC). Il 
4amag'e 1. found 4urin9 the A-ch.ck in.pection, 40 the B-eh.ck 
in.pection ot Ue JItG. Raf.~ to BUD LAJmINC, B-ch.ck 
In.pection ot th. Aircraft Atter a Bard L&n4inq. 
(Ref; Fig. 601~K 05-51-03-"0-801) 
(Ref. Fig. 602~ASK 05-51-03-'90-802) 
(Ref. TASK 05-51-03-200-802) 

TASK 05-51-03-993-801 
No.. Land1ng Gear - A-Ch.ck In.pectloD 

--------------------------------------------------------------------INSPECTION ~ CllEO< FOR 

--------------------------------------------------------------------
l scrut., wh •• ~., tira., 

400r., 400r attachllllnt 
araa. and vh .. l vell 
area 

- "lu1e! leak. 
- F1akillg paillt 
- Tvi.t. and bend. - Leo.. fa.tener. or fa.tener. 

not Uere 
Craet.d or broken part. and 
other .ign. ot d&mage. 

- Di.tartion. 

Subta.k 05-51-03-360-001 

B. If nec ••• ary, '.pau Ue no •• lan41nq g.ar (NLG). Refer to 
S'rROT, HOSE LAlłDIRC GUR 5aOCK, Jteplaeement 'of Łbe Sbeck Strut 
Pi_ton Se.l. - SpaH Se.l. 1D_talle4. Refer to S'l'Rtrr, HOSE 
LANDINC CZAR. SB~, Rttpl..c.-Ilt bt the NLG Sheck Strut Platon 
Saal. - Spara Saal. not Iaatalle4. 
(Rof. TASK 32-21-01-360-801) 
(Rof. TASK 32-21-01-360-802) 

Subtask 05-51-03-210-002 

c. Do a viaual iD.pection ot Ue .. in lan41n; ;.ar (KLG). If 
4 .... ;. ia fOUDc! 4urin9 Łb. A-el:leck lnapect1on, 40 the B-check 
inapection of the HLG. Refer to BARD LAHOIHC, a-check 
Inapectlon ot Łba Aircraft A:f~Z' • Hard. Lan4inCJ. 
(Rof. Fiq. 603~ASK 05-51-03-"0-803) 
(Ref. TASK 05-51-03-200-802) 

105-51-03 
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0829cooO80 

Nose Landing Gear.'- Inspection/Check 
P i g u n  601/TASlt OS-51-03-990-801 

~EFFI AA AU 105-51-03 
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Ko.. Lan41ng Cear '- InapectloD/Check 
Fiqu<e 601rrASX 05-51-03-'90-801 

••• FOR ALL AIRCRAF"l" 

AA ALL 1°5-51-03 
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NOSE GEAR RETRACTED 

?igur. 602/TASX OS-S1-03-990-802 

*+* FOR ALL AfRCRWI 

I 
UOWOn 

I 

I 
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, 

HOSE GEAR RETIIACTED 

RO.. LaD41n9 Cear - %n.peet1on/Cheek 
Figur. 602trASE 05-51-03-'90-802 

*.* FOR ALI. AIRCJIAI"l' 

105-51-03 
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I 

VIEW FROM FORWARD 

Main Landing Gear - Iaspaction/Qi.ck 
F i m  603/TASX OS-S1-03-990-803 

*** FOR ALL AIR- 
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TASX 05-S1-03-993-802 
Xain Landing mar - A-Check Inspaction 

1 Shock strut, wheels, tires, - Flaking pa in t  
' t ruck  bo-, door., door - TWi8t8 or  bends 
attaehmrnts and he01 w a l l  - Loere faatenerr  or f a r t enor s  
area not therm - Cracked or broken part8 - ?luid leaks.  

Subt&tk 05-51-03-360-002 

D. rf ne~.asa.ry,  npair the main landing gear (HLC1. Refer to 
STRUT, HAIN LANDING CEAR SROClt, Replacement of the Shock S t r u t  
Piaton ad8 - s m  m.18 i n s t a l l ed .  
LMIDrLG CgAR SRoclc, R.placoment of the Shock S t r u t  Pis ton Seals - Sparm Se.18 not Installed. 
(R. f .  TASX 32-11-01-360-801) 
(Raf. TASX 32-11-01-360-802) 

- fer  t0 STRCfi, 

Subtask 05-51-03-210-0 03 

E. Do a 'visual in.p.ction of tho center landing gear (-1. I f  
-go i 8  found during tho A-check hmpection, do the 8-check 
inqmction of tho CLC. 
1n.p.ction o f  tho U r a a f t  A f t u  a Bard Landing. 
(R.f . 159. QOI/TASX OS-S1-03-990-806) 
( R e f .  TASX PS-51-03-200-802) 

mfer to HARb LANofloc, 8-check 

TASX 05-51-03-993-803 
Conkr Landing War - A-Check Inspection 

1 Qx; shock 8-t, wh0.18, - Flaking pa in t  
brako8, tiros, boora, door - mists or bends 
attachments and who01 -11. - Loose fasteners  or fasteners 
axma not then - Cracked or broken p a r t s  - Fluid leaks.  

(EFFS M ALL 

R I 
105-51-03 
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TASZ 05-51-03-993-802 
Main tan4ing Gear - A-Ch.ck Inapection 

--------------------------------------------------------------------msPl!CTIOII AHA CllECK FOR 

--------------------------------------------------------------------
1 Shock atrut, vh •• la, tir •• , 

'truck be .. , doorał 400r 
attacbmenta and vh •• l _11 
&re_ 

Subtaok 05-51-03-360-002 

- Flaking palnt 
- Twista or benda - Lao.. taatenera or faatanara 

not U.re 
- cracked or ~rok.n parta 
- Pluid l.ak •• 

D.. If nece •• uy, repai% th. maiD landiag g.ar (MLG).. Kafar to 
STRm, KP.DI LAlIDIRG GEAJt SBOClt, R.plac_nt ot Ue Shock Strut 
Piaton kal. - Spare hal.. in8talla4. RIIfar to STR.tI"!', lGIlC 
LAlmDIG CZAR SIlOCJt, ReplaceMct ot' Ue Shock Strut Pi.ton Seala 
- Spa.re hal.. not ~t.&l1.4. 
( .. f. ~K 32-11-01-360-801) 
( .. f. ~Z 32-11-01-360-802) 

Subtaok 05-51-03-210-003 

E. 1)0. 'ylaual. J.D.pectiOD ot the center lancUnq q.ar (CLG).. Xl 
~9'. 1. foan4 4ur1n9 ·Ue A-ch.ck 1napection, do Łba B-eh.ck 
iDapectioD ot Ue CLe. Refu to BAJU) LAHDIBC, B-ch.ck 
In_ctlon of tli. A1rcraft lIfter a Bard Land1Dq. 
( .. f. Plq. 60łtraSZ 05-51-03-990-806) 
(R.f. TASZ ~5-51-03-200-802) 

TASZ 05-51-03-993-803 
Center Land1D" Qear -' "-ch.ck In.pection 

msnCTIOI< AHA CBEClC FOR 

--------------------------------------------------------------------
l CLG .hock at.rut, wIlHl., 

brake., t1re., 400ra, cłoor 
attac:hment. &na vb •• l ,..11. 
&re. 

AA UL 

- Plaking paillt 
- 'rWiata or band. - Leo.. faatener. or fa.tener. 

not there 
- Cracke4 or brokan parta 
- Flui4 laak •• 

1°5-51-03 Paga 608 
Auq 1/95 
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LOWER DM6 UNK 

UOOQDW DB2-0coOS 
Center Landing Gear - In8pection/Check 

Figut. 604/TASX OS-51-03-990-806 
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Subtask 05-51-03-360-003 

F. I f  necessary, r epa i r  the center landing gear (clx;). Refer to  

LMDIHC GEAR SBOQt, R a p l a c m n t  of the CLG Shock St ru t  

STRUT, CEXTER LA#Dr#C CEAR SHOCK, Replacemant of the CLG Shock 
S t r u t  Piston Seals  - Span Seala hutalled. Refer t o  STRUT, 

Piston S 8 u 8  - S-0 -& IS  O O t  fn8 t8 lhd .  
( R e f .  TASIC 32-15-01-300-801) 
(mi. TASX 32-15-01-300-802) 

Subt8.k 05-51-03-210-004 

G. Do an A-ch&k.la.p.ction of t h m  ftuelage. 
during the A-check fnqimction, do the I-check inspection of the 
fuselage. Rafer t o  BARD W I H G ,  8-check Inspection of the 
Aircraft After a H a r d  Lmding. 
(mi. Fig. 605/TASK 05-51-03-990-808) 
(mi. tig. 606-It OS-S1-03-990-818) 
(mi. tig. 607-X 05-51-03-990-811) 
(mf . TASK 05-51-03-200-802) 

If damage is found 

TASK OS-51-03-993-804 
m8elag. - A-Check Ia8pectioa 

Lowor half of fuselage 
mxternal skin 

Around conmrs of op.nlngr 
of a l l  mntrancm. t o  remice 
and cargo doors 

Tailcone safe ty  la tches  and 
hinges located inside af t  
section of a i r c r a f t  

- Twists, distortion or crack. - Loose fastoners  or fasteners  

- 0th.r 8i9XkS O f  damage. 

- Tvista, distor t ion or crack. - Loose fastoners  6r fasteners  

- Other sign8 of damage. 

not  therm 

not that. 

- Extended fas tener  hole8 - m s e ,  broken or bent 

- Fasteners with heads not there. 
f asteners 

105-51-03 
Page 610 
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SUbta.k 05-51-03-360-003 

F. II n.ces.ary, repau the center landiDq qear (CI.C;). bfer to 
STRtJ'l', CElłfER LANDIKG GEAR SBOCX, Jleplac_nt ot t.he CLG Sbock 
Stru-t Piaton 5 •• 1. - Spara hal. 1natall.a. Refer to STJttrl', 
aMiD LANDIHC GEAR SBOCX, Jt,eplae_nt ot Ue CLG Shoc:k Strut 
Piaton Seal. - Spara seal. not In.tall.d. 
( .. ~. TASK 32-15-01-300-8011 
(Ia~. TaSK 32-15-01-300-8021 

SUbta.k 05-51-03-210-004 

C. Do aD A-ch.ck.1DapectioD ot ~. fualav.. If 4amaq. i. found 
4uriDg Ue A-c:heck iDapectloD, 40 tU· B-eh_ck 1Dapectlon ot th. 
fUR:lage. ..fer to BAJU) LAIItIIJIC, B-ch.et Inapectlon ot Ue 
Aircratt Altar a Bard Lan4illg. 
(Ia~. Fig. 605tr1SK 05-51-03-990-8081 
(lat. Fig. 606tr1SK 05-51-03-"0-8111 
(lat. Fig. 607tr1SK 05-51-03-"0-8111 
(lat. TaSK 05-51-03-200-8021 

TaSK 05-51-03-993-80' 
h •• lap - A-oeck XDapectlon 

. __________________________________ M ________________________________ _ 

DlSilECTIOR A1IEA 

l Lower half ot fu •• laV. 
.XUnal .kin 

2 Aroun4 camera ot open1nC]'8 
of al1 entrancea to •• rvic:e 
and cargo 400ra 

3 Taileone •• fety l.teh.. and 
hinge. located iD.ide aft 
•• ctiOD ot a!reraft 

CllECK I'OR 

- TWista, 41atortion er eraex. - Leo.. f •• ten.r. or f •• tenera 
not Uer. 

- otIlu .1g,," of damag •• 

- 'l'Vi.u, 4J.atortlOD or er.cD - Lao.. f •• ten_re er faatenera 
not Uere 

- other 819D. ot 4aa&qe. 

- Exten4ed f •• ten.r hol •• 
- Leo •• , broken or bent 

f •• t.~r. 
- F.aten.r. vith he.4. not there. 

105-51-03 
P.g_ 610 

Aug 1/95 
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Ft~selage - Inspection/Chack 
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KmL 
TmauI 
BOX 

aaouom 

NOTE un Y" Q E M  snowll 
RIGHT YAJN GEAR O n O # n  W W  A 

OBI- 
msolago - In8poction/Qieck 

Pigur. 606/TASK 05-51-03-990-818 
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Ztasalaga - S o N k i  and ACC.88 Doerr - InipectionYChack 
. . F i m  6071TASX 0541-03-990-811 

*** FOR ALL AIRCRAFT 

105-51-03 

AlI COłIDmO.1 
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.......... 
na •• 

ATT AcetllOU 
CO .. 'AImIIN'T 

TAJU:Ofl' wag 
MTfO". 

Taco", ..cali. 

DI:a.fl..OOl:l1 
- Serwiee and Acc... Donra - Inapeet1on/Check 

Flguzw '07~ASK 05-51-03-990-811 

••• FOR Al.L AIRCRArl" 
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AIRCRAFT MAINTENANCE MANUAL 

Subtask 05-51-03-210-007 

R. D o  an A-check inspection of the w i n g .  
during the A-check in.p.ction, do the 8-check inspection of the 
w i n g :  Refer to HARD LANDIS,  8-check Inspection of the 
-craft After a B u d  Landing. 

If  d m g e  is found 

( U f .  Pig .  608/TASX* 05-51-03-990-812) 
(Ref. TASX 05-51-03-200-802) 

TASX 05-51-03-993-805 
Wing - A-Check Inspection 

1 Lower w i n g  skin, r o u  spar - Signs of fuel  leaks 
(adjacent t o  aad inboud - Loose fasteners o r  fasteners 
of I~LC support f i t t i n g s )  
exteraal plata doubler8 

not there - Buckles, distortion and other 
8i-8 Of a g e .  

Subtask 05-51-03-210-008 

Do M A-check in.p.ction*of the horizontal sbbi l i ter .  
damage i 8  found durhg the  A-check inspmction, do the B-check 
inspection of the horizontal stabilizer. 
LABDllOG, E-check 1lrrp.ction of the M t c r a f t  After a B a r d  
-g 
(mi. ?ig. 609/TASX 05-51-03-990-824) 
(mf. ?%go 610/TASlt 05-51-03-990-830) 
(mf. TASX 05-51-03-200-802) 

If 

-fer t o  EARD 

TASX 05-51-03-993-806 
Horizontal St8bi l izer  Surfaces .- A-Oeck fn.p.ction 

1 Stabi l izer  and elevators: - Interference,  binding and 
function through f u l l  
travel -8trkt iOn8 

signs of operational 

- -el leak8 through spar8 or 
tank boundary bulkheads . 

05-51-03 
P a g e  614 

Aug 1/95 I 
nru DMA mwtm IQ ~~STUCINI t t ~ o l p  a nn~ pact. 
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Suhta.k 05-51-03-210-007 

H. Do aD ,A-ch.ck iDapectlon ot Ue viDg. Il 4alaa9'e i. foun4 
dur1nq the A-ch_ck iDspeetion, 40 Łba I-cb_ck lnapection ot the 
v1nC;; aefer ~o KARD LAKDI.C, .-ch.ck In~ctlon ot Łba 
Aircraft Aft.r • Bard. tan41nq. 
[Raf. Piq. l08/TRSX'05-51-03-IIO-112) 
[Rof. TASK 05-51-03-200-102) 

TASX 05-51-03-'93-805 
Wing - A-Ch.ck In.p.etlon 

--------------------------------------------------------------------I1ISPEcnOIl ARBA CBECJ( POR· 

--------------------------------------------------------------------
1 Lower vinCI .IUD, rear .par 

(a4jacent to and. lnh0ar4 
of KLG .upport titt1nq.) 
oxternal p1.te douhlero 

Suhta.k 05-51-03_210_008 

- SlCJD. ot fuel 1.aU: - Leo.. f •• tenar. or t •• ten'-r. 
not there 

- Buckl •• , diatortion and other 
alps ot cSaaaC; •• 

I. Do aD A-c:heck iD.,eCt1.0D ·ol tha horl1011ta1 .tahili.er. Il 
4amaq& 1. found 4uriD9 th. A-ch.ck inapectloD, do Ue B-ch.ck 
1Dspectlon ot the horlsontal ataltl11.er. Refer to DRD 
t.AIIDDIG, B-check In.pectiou of th. Aircraft After a Bard 
IAllcU "9'. 
[Rof. Piq. ł09/TASX 05-51-03-190-824) 
[Rof. Piq. 610/TASK 05-51-03-9'0-830) 
[Rof. TASK 05-51-03-200-102) 

TASK 05-51-03-1'3-806 
Boriaontal Stabili •• r Surfaoea.- A-Ch.ck Ia~ctlon 

--------------------------------------------------------------------IIISPEC"l'IOII ARBA CBECJ( POR 

--------------------------------------------------------------------
l Stabili •• r and .l.v.torał 

fUDctioD tllrouqh full 
trawl 

- Interf.renoe, bindinq and 
81vaa of operatlonal 
reatrictioaa 

- FUel l.ata throu9'h .par. or 
tank boun4ary bulkh •• 4 •• 

1°5-51-03 P.qo lU 
Auq 1/15 
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E L ~ A T O I I  T)) 

c*oaeDII D114coo)2 

Pi-. 610/TASX OS-S1-03-990-830 
Rorirontal Stabilizer Surfacer - Insp.ction/Chack 

*** FOR ALL AIRCRAFT 

EETt UAU ' 105-51-03 
RI 

ULiiIM1iJ 
AIRCRAFT MAINTENANCE MANUAL 

INIOAlD DłTATCMAlt1 
ILIV"TO_ 

LlADlła .. lOGI 

LATCH OPl" 

LA TtM a.OIID 

VItW A 
LATCM MECHANISM 

W ..... IDaI 

'O"==::~~:if' 
ULANa '"lONT 

Ror1zontal Stabl11zer Surf.c.. - In.pection/Check 
Figure 610/TASK 05-51-03-990-830 

••• FOR ALI. AIRCRAJ"'T 

\05-51-03 
ftUS MD IVNSC!' to IUfttc:nvl l.aGDD 011 '!1na ,AGI. 
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Subtask 05-51-03-210-009. 

Subtask 05-51-03-210-010 

m': It AIR- HAD A BARD LUDRIC, EXNUXE WING 
mGm PTI4HS KIR STRDCTURAL DAloLQc. SURE 
flosPSCTIo11 f S  BEIORS TEE AIR- GOES BACX INTO 
OPmATI010. Tms WILL PREVENT m y  To PERSONS A#D 
D- To EQWI-0 

IC. Do an A-check inrp.ction of the namlles and pylons. 

lkrrgiae Pylon. M a r  an Eng- ?ailura/mrload Condition. 

Refer t o  
mm ?AILURS-ovEIux)AD CONDITIOR, A-cheCk Inspection O f  the 

(R.f. TASX 05-51-09-200-801) 
( R e f .  TASR 05-51-09-200-803) 

(1) If the aircraft h 8 m  not  had the teminatlng action t o  -11 
Semrica B u l l e t i n  IU4-49, Revision 1 or later accomplished, 
parforn tho rasp.ctivm inqmction of the -per Spar ~ng1.s 
r a t e d  th. 8 0 r V i C 8  bu l l a t in .  

-1 IF no a g o  is found to  tha a i r c r a f t  stnactura and the 
Wing n l O n 8 r  8 Mxm Of fiV8 f l i g h t 8  18 p d t t 8 d  on 
the hi1 P y l O n o  

ItFF: M ALL 

'4 4 
F. 

105-51-03 

UUiIMJil 
AIRCRAFT MAINTENANCE MANUAL 

SuI>taok 05-51-03-210-00'· 

J. Do aD A-chack 1Dlpect1oD of tha ... rt1ca1 ltahllioer. . If clallaga 
1. fc:nm4 4urlnq the A-check inapection, 40 tła. B-ch.ck 
inapection ot t.be "nica! at&bl1izer. bter to KARD t.a.NDI1CC, 
a-ch.ck InapectlOD of th. Alrcraft Alt.r a Barc! Lan4in9'. 
lRef. Fig. 611trASK 05-51-03-990-114) 
lRef. Fig. 612/TASK 05-51-03-990-821) 
lRef. TASK 05-51-03-200-'02) 

~X 05-51-03-993-807 
Vertical Stabil1zer,Surfacea - A-Ch.ck Inapectlon 

--------------------------------------------------------------------
IlI'SPEC'l'l:OI< AIIEA c:m:a l'OIt 

-----------------------------------------------~--------------------

1 Ruc!4era - Interfer.nc., b1n4inq &De! 
other aliUa ot operatlonal 
reatrlc:tlon. !Me.u.. ot· 
4efor.a4 atructure, aupporta 
or _chan! ... 

- All laur •• ction. functlon 
throuCIb fulI tra".l. 

SuI>talk 05-51-03-210-010 

!fMJfDIG's IP TU AIRCJtArr BAD A BAJU) LMDma, EDKnIE '1'BE 1rIJłG 
EllGIlII Pn.oll'S lOR S'1'RIJCTIlRAL DAJI1.GIr. IIAD SIlU 'ZIIZ 
IJISPEC'l'l:OI< IS DOIlI!: BEIORB 'rIIE AIltCllAJ"l' GOES na nrro 
OPERAnOl<. DIS WILL PREVEII'r IlIJllIIy TO PERSOll'S AlI'D 
DAJI1.GIr TO EQllIPIIElI'T. 

lt. Do u A-ch.ck inapec:tion o~ Ue nae.ll •• &net pylon.. Refer to 
DCIRZ PAIl.ORB-ovERLOAD COłIDITIOR, A-ch.ck Inaprection of th. 
BD91D. Pylon. Aftar AD En91ne pailar./OYerloa4 Condition. 
lRef. TASK 05-51-0'-200-101) 
IRaf. TASk 05-51-09-200-803) 

(l) Ił th. a1.rcraf~ hae no~ had the teminataq actioft to MD-ll 
serrlce aull.tu 1.54-4', bvi.lon l or later accompllahecl, 
perfom t:he ftaplctlve ln8Pe;ction ot the Opper Sp&%' bql •• 
atate4 iD tha S.rv1ca aul1atin. 

lf DO 4aaag. i. foun4 to tha aircraft atructure .a4 th. 
ving pylon., • aaximum of fi .. fl19ht. ia peraitte4 on 
tha taU pylO1l. 

1°5-51-03 
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08%OS-W80 
Vertical Stabilizer Surfacer - fnrpectioa/ch8ck 

?i=O 611fiASX OS-51-03-990-811 

. 4 

05-51-03 XFF: M AU 

Pago 619 I 
Aug- 1/95 

[i[fi]:MJi] 
AIRCRAFT MAINTENANCE MANUAL . 

WOlNO aDGa 
STRUCTURE 

LIGEND 

~m.J .. IT ... TO IItI'tAL = ...... _."" .. 
NOłII'l HOJIIYCOMł 

WOOI .... " .. ~ 

LlAOING EDG! AlIo TlI' 

R rlT' AA.w:. 10&-61-03 
ftIIU UD nam:r to ~ l&caD .. ntLł .MII:. 

-



AIRCRAFT MAINTENANCE MANUAL 

R 

LOWER FORWARD 
RUDDER 

LOWER AFT 
RUDDER 

c1aaaDI) 0#24CoQtl Vertical Stabilizer Surfaces - fnspection/QIeck 
?lgUr. 612/TASX OS-51-03-990-821 

*e* mR ALL AIRCRAFT 

Page 620 
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AIRCRAFT MAINTENANCE MANUAl 

LOWIR FORWARD 
ftUDDER 

..... ........ 
LOWENAFT 
RUODU 

1 05-&1-03 
1'DII Mft RłJ'IC! 'lO aa7Ilcm\l'ł I.GI:D Ol: 'ltTt& 'MI. 



AIRCRAFT MAINTENANCE MANUAL 

Subk8k 05-51-03-942-001 

A. Re- 6 l l  th8 tool8 and equipant  from tha work arm. 
8u.m the area .is clean. 

?lake 

TASX 05-51-03-200-802 
E-OEECX flOSPECTXOIO 01 TBE AIR- AFTER fuRD W n o C  

Subt.8k 05-51-03-943-002 

m r  Equlval8nt replacement8 are pmmitted for the item that 
follow. 

N o t  8p.cf f ied Work platforn, 
7-8 f t  (2.1-2.4 6 )  

Work pla'tfona, 
20 f t  (6.11~) * 

Work platforn, 
30 f t  (9.1 m) 

Subta8k 05-51-03-946-002 

B Refannce Information 

TASK 32-31-01-000-801 
P/B 401 

RPKWAL OF THE HAIN LANDING. 

105-51-03 
Page 621 
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UliilM1iJ 
AIRCRAfT MAINTENANCE MANUAL 

4. Jeb Cl~.,-up - Bir4 lau4iQ! Q;n4itign - A-CbOck IglpletiCD 

Subel.k 05-51-03-'42-001 

A. R • .,.". al1 th& eool. &n4 aquirr-nt f.c'OIll 1;.h. work ue&. ,Make 
war. the area.1. ~l •• n. 

~ 05-51-0l-200-'O~ 
8-cm:CK :m&PECTXOII OP 'lIlIE AIIlCIIM"!I AI"n:II lWU) LAllDIBG 

5. Ja .. t-up IlIfpmatiCD - 1ir4 !.aMiną Cgq4U'0!! - l=Chttck 
IlIlp1eti QQ 

labtaak 05-51-03-943-002 

A •. rl.xt ...... , TCIOl., ftat .""4 SUPPOrt Eq'Qi_nt 

I!!ttIII lquiftl ... t rep1._ .. u Ul per>al.tt.4 for tlIt n ... tbat 
foll ..... . 

-------------~---------------------------_.--------------------
-----------------~-----------------------------------._--------

"'ot .peein.4 

Bot .pecUi.4 

SUbu.k 05-51-03-946-002 

Werk pl.tlo""" 
7-8 f t 12.1-2.4 al 

Work pla~fom# 
20 ft. 16.1 .1 

WOrk platf"ora, 
30 flr It.l .1 

A*ri.l bCIOa. aIIlIlift 

----.. -------.-----------------------------._--.. -.---.--------

TASK 32-11-01-000-101 
P/B łOl 

llESIGlIAnOll 

1°5-51-03 
ftIA MB ł1'IJIft ł'O lU'JUC'łrVI f.ICD'D • 1'tft,I łACI'. 

Pag. Ul 
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AIRCRAFT MAINTENANCE MANUAL 

TASX 32-11-01-440-801 IlOSTALXATIOtO o? m A  
P f B  4 0 1  LAmfTtG CEAR 

TASX 32-15-01-000-801 RmuvAL OP TBE c ; E n T I ; K L m  
PfB 4 0 1  -floc GEAR A S S r n L Y  

TASX 32-15-01-400-801 ms-TIm OF = CmTSRLfblE 
PfB 4 0 1  LAluDm CEAR ASSmmLY 

T S X  32-21-01-000-801 OF TEE NOSE LAMDIX 
PfB 4 0 1  CUR 

PfB 4 0 1  LAND= GEAR 
TASX 32-21-01-400-801 -TIOH OF HOm 

- 0  6. Job S e t  um 

Sub+ark OS-S1-03-010-0 04 

A. Do a B-chack h8mction of tha noam landing gear (#u;). 
( - f a  ?1g. 601-X 0541-03-990-801)  
( R a f .  ?io. 602/TASK 0541-03-990-802)  

Subtark OS-S1-03-020-004 

8 .  If m g a  was found on tha A-ch8ck and cannot be repaired, 
r.maa thm noma l a d i n g  gaar. mfar to GEAR, NOSE WING, 
R e m m a l  of tho Nora Landing Gaar. 
(R.f. TASK 32-21-01-000-801) 

UliiIDiJiJ 
AIRCRAFT MAINTENANCE MANUAL 

COntinuec! 
-------------------------------------------~-------------------

DESIGIIA~IOH 

---------------------------------------------------------------
~ASX 32-11-01-4aO-IOl 
P/B 401 . 

~ASX 32-15-01-000-101 
P/B 401 

~X 32-15-01-400-101 
P/B 401 

~X 32-21-01-000-801 
P/B 401 

~x 32-21-01-400-101 
P/B 40~ 

IRSTALLATIOR er TBZ ~R 
LAIIIlIlł(o COEAR 

REIIOVlU. OP TIIB CElftEItLIlCB 
LAIIIlDIG COEAR ASSEllBLY 

lWS'1"AI..t.A'l'IOlC OP DE CER'tZRLIRE 
LARl)DIG COEAR ASSEllBLY 

REIIOVlU. or TIIB HOSE LARl)I!IG 
c:ZAR 

6. Job Slt-qp - Błr4 landiag Qon41tion - B=Check In.ptetiOQ 

SUbtaak 05-51-03-010-004 

A. Mak. lun Łba appl1caJ:)le panel., floor., in.ul.tion, filieta, 
and other .tr1icture, &re ~cS. 

7. PrRSjI4un - Bad IWiną C;oncUtlon - '=Chec:ls In'pes;tion 

SUbtaak 05-51-03-220-001 

A. Da. B-ch.ck iDapec:tion of t:he 1l0 .. l ... d1ng gear (IILG). 
(Raf. Fig. 'Ol~X 05-51-03-990-801) 
(Raf. Fig. '02~X 05-51-03-990-802) 

SUbtaak 05-51-03-020-004 

B. Il 4amaq. wal found on the A-ch.ck &Dd cannot be repaired, 
remova Ue no.. lancUng , •• r. Re fer to GEAR, NOSE LANDIHG, 
Ramoval ol the Ko •• Lan41nq Gear. 
(Raf. ~ASK 32-21-01-000-801) 

Al. ALL 1°5-51-03 
ftIU MD RI.7IC'r 1'0 Ul'ft%C'ttVI loZCDD CIf ttn.I 'AGI. 
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AlRCRAfT MAINTENANCE MANUAL 

Tmlt 05-51-03-993-809 
Hose Landing Gear - €!-Check Inspect ion 

1 wheel a88.ali.8 - ~ f o z m e d r  Cracked or bent  
(dirarrembla as necessary) wheel rim. 

S e t a 8 k  05-51-03-420-001 

C. Zf neC888-0 i n a t a l l  t h e  a080 landing  gear. -fer t o  a, 
mm,.LA#DmG0 f n 8 t a l l a t i o n  of the Ro8e Landing Gear, 
(Mi. TASX 32-21-01400-801) 

8trbtr.k 05-51-03-220-002 

0. Do a b-check Snapaction of the -la landing gaar (KLC). 

(R8f. ?lgo 606lTASIC 05-51-03-990-818) 
4R.f. ?ige 603/TASX OS-51-03-990-803) 

subark OS-51-03-020-00s 

S. If d8mage -8 falttd On the A-check and Cannot k repaired0 
~(IDOO. the p.ia landing gear. Refer t o  - 0  W I N G ,  
-a1 of tho Main Landing Gear. 
(mi. TASX 32-~1-01-000-801) 

TASX OS-S1-03-993-810 
Hain Landing C.u - 8-Check Inspection 

1 Wh.01 wall m a :  
trapezoidal pasel 

- Buckled or di8tort.d I#mbars - Elongated f a8 tene r  h O h 8  - Broken or k n t  attachments. 

Diii1MJi] 
AIRCRAFT MAINTENANCE MANUAl 

TASK OS-Sl-03-'9J-eOt 
10.. Landing C.ar - B-Check Inapectlon 

----------------------------~--------------_.-------------------_.--
1 _1 .... 1IIl>11 .. 

(d1 •••• embl ••• nec •••• ry) 

1 era, link. (41 .... ambl. a. 
... .,. •• aryl 

SlIIl>tuk 05-51-03-420-001 

- DefoZ'llle4" eraeke4 or beet:. 
vh •• l r1&a. 

- D1.~4 11nka tau..d froa 
boIII4.lJ>Q, tvi.ti"'1 o'"' 
.tfttc:loJ.ftq 

- er.eta 
- Elo~,&te4 hol •• 
-·Defo ... 4 attachDont •• 

C. If ... .,. .. ary, in.tall tli ........ 1an41n9 pu. Ilef .... to CIElIR, 
lI'OB :t.AIII)%NG, lut&llatio" ot t:II& 50.. Lan4i"lI GUr. 
(Ref: ~E 32-11-01-400-8011 

SUbt&ak 05-51-03-210-001 

D. Do a I-eh.cl< l.up&ction of tIIa .a1n l_inll qaar (M!'.GI. 
(lIef. Pi,. G03/fASE 05-51-03-'90-1031 
llIef. Pili. łOł~E 05-51-03-990-1111 

lubta.k 05-51-03-020-005 

I. Xt claaa ....... faun4 on cha li-_el< .... 4 c."~,,t boi :nopa1n4, 
~ tha _lA lu4ł.ł\9 9flU. Jlafar to ~, JO.Df t.AHDIMG, 
_.1 of cha Kain Lan41"'1 _. 
{Ref. TASE 32-11-01-000-8011 

~ 05-S1-0J-"3-110 
Main Lanolin; _ - 8-Check I~apact1on 

-----------------------------------------.. -------------------------
1 _.1 ... 11 a:no •• 

tnpezOl411 ,. .... 1 
- BucU.d. Ol' 41atort.a .. libera 
- El0ft9atact f-.teaer hol •• 
,.; Brona or knt at.tachMnta. 

105-51-03 
.. a ... 623 

1.ull 1/95 
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AIRCRAFT MAINTENANCE MANUAL 

2 Wheel -11 u o . 8  keel ' - Buckled or dirtorted menbers 
framar torqw box and - Elongatad fastrner holes 
attachment t o  wing rear 
.Par 

- Broken or bent fastanerr or  
f as tenerr not there . 

3 Wheel -11 -a: a f t  - Buckled and dirtorted flanges 
prersure bulkhead a t  ?=lS21 and r t i f f rnerr  

rnrbs 

or fartenerr not there - Elongatad fartenar h O h 8  - Crack.. 

- Wrinkledr distorted or torn 

' - LOdre, broken or bent  fasteners 

4 Support bulkhead - Crackr, buckle8 and wrinkles 

- Crackar buckles and d e f o k d  
bulkhoad cap8 urd stiffexmrs - Cracked and deformed rhear 
clip. - A l l  wakrs for elongated 
fastener holes  - LOdrer brokrn or bent  
fastenerr or fasteners not 
therm. 

-8 

R 5 If tho -in landing gear va8 removed due t o  darpage, do step 6. 

6 Suppoit f i t t i n g  and 8upport - Sign8 of btmrferrnca b e m e n  
8-e- gear rtructtrt. during cycle 

(cleuancms are cr i t ical)  

lugs, pivot pin8 and other 
components. 

- Sign8 O f  deformed pivot 

Subark  05-51-03-420-002 

?. If ae-88-r inr ta l l  the main landing gear. Refer t o  am# 
' xAI?l mmG8 Inrtallation of the Hain Landing Gear. 

( R e f .  TASX 32-11-01-400-801 1 

(EFFr M AU 105-51-03 
Page 624 
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[iijjIDJlJ 
AIRCRAFT MAINTENANCE MANUAL 

Continued 

--------------------------------------------------------------------nrSPEC'l'IOH AlIEA CBECI< FOR 

---------------------------------._---------------------------------
2 Wh •• l we11 area. bel 

tr ... , to~ box u4 
attacbment to vinq r •• r 
apar 

l Wh •• l we11 &re. ł aft 
pr..aura bulkb •• d at Y-1521 

-4 Support bulkhe.c! 

- Buekle4 er dl.torted .. =bera 
- Elonqata4 f •• eener hol •• 
- Brokan er bent faaten_ra or 

f.aten_ra not there. 

- Buekle4 and 4iatorte4 flanq •• 
an4 atlffaDera 

- Hr1nkle4, dl.torted ar tom 
_ba 

- too •• , broken ar bant t •• tecera 
er t •• tenera Dot there 

- EloDqate4 t •• tener hol •• 
- Craco. 

- er.cka, buekl •• and wr1nkl •• 
1n~a 

- er.ca, buckl •• u4 .... fo~4 
bulkbead cap. &Dd atlffea.ra 

- er.cud aneS c1aforme4 .h.ar 
elips 

- All .""'ra for elonqate4 
f.at.ner bol •• 

- Loo •• , broun ar bant 
f •• tan.r. ar f •• tenera not 
U.re. 

5 If th ... in lan41Dg g.ar vaa remov.4 du. to 4&aage, do et.p 6. 

, Sl.lpport- tlttlD9 and eupport - SlCJTla of !.nurt.rence bltv.en 
atructure g.ar atructure 4uring cycl. 

(cl.arancea arii c:ritic:al) 

Subeaak 05-51-03-420-002 

- SlC)D. ot 4efon.4 pl'90t 
lucza, plvot piu and other 
component •• 

1'. If n.c:.· •• ary, ln.tall Łbe .. iI) landlncz g.ar. Ref.r to GEM, 
MAm LAlmING, In.taliation ot the Main Lanc!l.DCZ Gear. 
(Ref. TASK 32-11-01-400-8011 

105-51-03 
ftUI Dft ntaC!' ta UlTUcnvI LIGaD C. nna 'MI. 
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m AIRCRAFT MAINTENANCE MANUAL 

Subtask 05-51-03-220-003 

C. Do a 8-check inrpoction of th8 cent8r landing gear t c u ; ) .  
(Ref. Fig. 604/TASX 05-51-03-990-8061 

Subtask 05-51-03-020-006 

E. If  damag8 war found on th8 A-ch8ck and cannot be repairod, 
rmmove th8 centor landing g8ar. U f 8 r  t o  GEAR, CENTER LANDING, 
Eamuval of tho a n t o r  Landing Goar Asrwbly. 
(Ut. TASX 32-15-01-000-801) 

TASX 05-51-03-993-811 
Cantor Landing mar - 8 4 8 c k  Xn8pction 

IRSPECTXOIO ARSA CBECX ZQR 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . - - u I - . . . - - ~ ~ . ~ - - . ~ . ~ - - - ~ . . ~ - - - . ~ ~ ~ - - . - - - ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~  

---~---.------------~---.---.-..--..-.-----.----------.----..---.-- 
1 meel -11 arear keol - Bucklod and dirtorted members, 

torquo box and backup flanger and r t i f fenarr  - Urbkhd., distorted or torn 
mbr  - Leo.., brokmn or k n t  
fartorurr or fartmnorr not  
thoro - Elongated fa8ten.r holor - Crack.. 

- Crack., buckler and w r b k l o r  
in m b  

8mC'tUrO 

- CraChd, bucklad md bf0-d 
bulkh0.d cap8 md 8tiff.n.r. - Ct8Ck.d or d0f0-d .hoar C l i p 8  - Elongatad fartonor holor in a l l  
-rr 

Subtask 05-51-03-420-003 

- Looro, broken or bent 
fartonorr or fattenerr not 
there. 

.Ia I f  nocarrary; inrtal l  the cont8rlbno landing gear. U f e r  t o  
GEAR, CENTER LA#DIIC, Installation of tho Canter Landing. C.ar 
1SrrrmPbly. 
(R.f. TASX 32-15-01-400-801) 

[jjj[MJiJ 
AIRCRAFT MAINTENANCE MANUAL 

Subta.k 05-51-03-220-003 

G. Do. B-ch.ck inapection ot th. center landinq g.ar (CLe). 
(Ref. P1~. 604/TASZ 05-51-03-990-806' 

Subta.k 05-51-03-020-006 

B. If 4amaq. va. foun!! on th. A-check and c.lUloŁ be rep.ira4, 
remova the center landinCJ q.ar. Refer to GEIJt, CENTER LANDIHG, 
Jtemcval ot th. Center Lan41nq Gear ,..aUlbly. 
(Raf. TASZ 32-15-01-000-8011 

TlSK 05-51-03-993-811 
Center I.an4J.nq Gear - I-Cb.eck Inapection 

--------------------------------------------------------------------IIISPEC'lIOI'I _ CBECIt POR 

-------------------------------------------------------~------------
1 Wb .. l -.11 areał .... 1 

torque bo" and l>ackup 
atruC'ture 

2 S_rt bu1lch •• d . 

Subta.k 05-51-03-420-003 

- Bucklea ane! 4iatorte4 -ember., 
flanq.. and atiffenera 

- WriDk1e4·, dl.tort_a or tom 
... b. 

- 1.00 •• , broun or knt 
f •• t_nera or faatanera not 
th.rtI 

- Elonq.~.4 f •• t.ner hol •• 
- er.ck •• 

- er.cn, wckl.. and vr1Dk1 •• 
iD ... b 

- er.cud, bucklea &DeS 4eformec! 
bulkh •• 4 capa ane! atlffenera 

- er.cud or 4efor.ec! ehaar clip. 
- Slen9aud fa.uner hol.. iD all 

_-.ber. 
- Leo •• , brok.n ar bant 

fa. t_nera or faaten_r. not 
U_re. 

I. If nece •• ary", iD.tall th. c:entllrlin. laDd1n9 q_ar. Refer to 
GEAR, CENTER LAKDlRG, In.tallatioD ot th. Center Landing"Gear 
"".emb1y. 
(Raf. TASZ 32-15-01-400-8011 

1°5-51-03 
nER PoD lVI.DC'f to UI'ftIc:n'II UCDD 011 nn.& PloG&. 

.aq. 625 
Auq l/ts 



c 

AIRCRAFT MAINTENANCE MANUAL 

Subtark 05-51-03-220-004 

1 

R 

Extmrrul ftumlaga .kin and 
fastonerr in  those areas: 

YrlOO tOT460, UoUad 
ram a ir  i n k k o  duct. 

?=939 to Y m l S l l ,  
fully around 
huelage, including 
k e e l  

?=1541 to ?-ZOO7 area 
below main cabin 
floor 

-2100 to T~21640 
arouad horizontal 
stabilizer pivot point 

Arotrad corners of 
opmningr for a l l  

and cargo doorr and 

(63.5 cm) minimum fram 
corner of each door 

8nuUl-8 to 8aIPiCo 

8 r8dtua O f  23 h. 

- Wrinklea, buckler, crack. or 
- Elongatad faatoner bo188 - Loom, brobn or bent 

b a r 8  b *kin 

faatanera or fartonerr w i t h  
haad8 not t b m r m .  

Page 626 
Aug 1/95 
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ULiiIilll 
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Subt •• k 05-51-03-220-004 

J. Do. B-Check lnapectlon ot the fu •• laqa. 
(Ref. Piq. '05/TASK 05-51-03-9'0-808) 
(Ref. Piq. 'O'/TASK 05-51-03-990-818) 
(Ref. Piq.'07/TASK 05-51-03-990-811) 

If tlI.n 1. atruetural 4aaaqe to the f"elaq., ref_r t'o 
the MD-ll Structural .. pau MaDua1 (StUl). 

~K 05-51-03-993-812 
ru..l.,. - B-ch.ck lnapectlon 

--------------------------------------------------------------------
DlSPEC'rJ:Olf A1tZA 
------------------------------------.-------------------------------

1 ExterD&l fuaelage 81t1n and 
t •• u_r. in th... area. ł 

• y .. 00 to 'Y-4 &0, arouruS 
'r .. .. łr lntake duet. 

b '1'-93' to '1'-1541, 
talll' ......... 4 
tu.el&ge, lnclu41n9 
ud 

c t-1541 to '1'-2007 &reB 
be10v _iII cal>in 
floor 

4 ~2100 to Y.21'4. 
aroun4 hori.ontal 
.taI>ili.er pivot paillt 

e AroUII4 comera of 
openiDg. tor al1 
ea:tranc:ea to •• nice 
ud cargo 400r. and 
• radiu. of 25 !n. 
1&l.5 ca) ailll.mua frem 
comer ot .ach 400r 

- Wri.nk.l •• , buckl •• , er.co or 
uua iD. ak1zl 

- tloaqated f •• ten_r hol •• 
- too .. , broDa or bent 

f • .teaera ar t •• tenar. vlth 
h •• a. not the:w. 

/05-51-03 
Page &26 

Auq 1/95 
ftIft Mft IVUICI 'lO Ul'!'UCftft 1IG:DD 011 ftft& 'ACZ. 



AIRCRAFT MAINTENANCE MANUAL 

2 Center accessory campart- - Crackif dis tor t ion and 
mentr prersun panel elongated Zastener holes in 
under wing front spar - Broken or ben t  fasteners or 

a l l  arakrs 

fartenors not then 

3 Canter accessory coarput- + - Crack8 and dfrtortfon uound 
mntr fuselage skin cutouts . 

Subtask 05-51-0 3,=22 0-005 

A. Do a B-check inspection o f  9 0  wing. 

-r 

(mi. ?ig. 608DASX OS-S1-03-990-812) 

I f  then i 8  rtmctural m g e  to the wing, re fer  to the 
e l l  Structura l  Ropair ) ( a n d  (Sm) . 

TASX 05-51-03-993-813 
Wing - 8-check Zn.p.ction 

1 wing nab torque box 

l eakr  found in A-check - Cracked, a d  or  detormod 
inspoction stringerr 

- Cracked or deformed shear 
rtnactura adjacent to fuel clips 

- Cracked, dafo-d or  elongated 
a t t a a a t  hole. 

0 B-d or buckled spar or 
bulkhead stiffeners - Cracks in spar caps or 
bulkheads - Loose, broken or k n t  
fasteners or fartenerr not 
t h a n  - F\ul leak8 through .par8 
or tank boundarjt bulkheads. 

EFFI M ALL 

R h W T A ~ t O  PsaTnxcIIIII l l Q l o o 1 m  05-”03 mu. 

Paga 627 
Aug 119s 

UUiIMJi] 
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Continuect 
--------------------------------------------------------------------
INSPEC'rION AREA CIIEa POIt 
--------------------------------------------------------------------

2 Center acc ••• ary ccmpart­
.. nts pA •• ura: panel 
un4er vin9 front apar 

l CIInter aece •• ory compart- . 
.. nt: fu •• l.,. skin 

SUbta.k 05-51-03-220-005 

- er.ck., eUatortion ancl 
elongatac1 f •• taner hol.. in 
all -..bera 

- Broken ar bent f •• tenera ar 
f •• t.nar. not Łbare. 

- er.et. ancl 4iatortion aroun4 
c:utouta. 

Jt. Do. B-ch.ck iAapectloD ot the vi.nq. 
(ltaf. F1g. lOI/rASK 05-51-03-990-812) 

~I Il there 1. atructural c!amag'e to Ue vinq, refer to th. 
l1li-11 Structara1 ltapair Jlanual (SM). 

~K 05-51-03-993-113 
"ing - B-ch.el< In_ct1Oft 

--------------------------------------------------------------------
CBECl< POIt 

--------------------------------------------------------------------
1 "ing _in torque bo .. 

.tracture a4jac.nt to fuel 
1.ok. f_ci in A-ch.ck 
in_ct1on 

- eracke4 or 4.form.d .hear 
cUp. 

- er.cna, boww:4 or eleformec! 
.triluJer. 

- Cracud, dłlfon.e4 or elonlJ.ted 
attaCbDant bole. 

- 8owec! or bueklea .par or 
bulkhead .t1ffenera 

- crac~ iD .par cap. or 
bulkhea4a 

- Leo.e, broken or bant 
fa.t.Der. or f •• tener. not 
th ... 

- fUll l.aka tbrough .par. 
or ~ boun4ary bulkhe.4 •• 

1°5-51-03 
pag. 621 

Aug 1/n 
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AIRCRAFT MAINTENANCE MANUAL 

Subtask 05-51-03-220-006 

L. Do a B-check inspection of the horizontal s t a b i l i z e r .  
( R e f .  r ig .  609/TASX 05-51-03-990-824) 
(Mi.  ?ig. 610/TASX 05=51-03-990-830) 

mr If there  i r  rtructural danaga t o  the hor i ton ta l -  
s t ~ b i l i z e r  and elevators, r e f e r  t o  the WD-11  S t ruc tu ra l  
Repair Manual (SW) . 

T A S X  05-51-03-993-814 
Boritontal S t a b i l i z e r  Surface8 - B-Check Inspaction 

1 Outboard e leva tor  skin8 - Buckle8 and wrinkle8 in .kin - Crack8 and deformation in 

- Slong8t.d fart .net  holes  - Brohn or k n t  f a s t ena r s  o r  

2 Rorlzontal 8tabi l izer  - ttul lerlu thruugb spars or 

trail ing-edga mdmr 

f a s t e m r r  no t  there. 

tank boundary bulkheadr. 

'Subt.8k OS-fl-03-220-007 . 

?l. Do a B-chock laspwtion of the tnr t ical  r tabil izar.  
(mi. ?ig. 611-A 05-51-03-990-814) 
(mi. ?ig. 612-A 05-51-03-990-821) 

a: Z t  thon  i s  structural damage t o  the mrtical s tabi l izer  
and ruddar8, r e f e r  t o  tho m-11 Structural  Repair Xanual 
tsRn) . 

(Em; M A L L  105-51-03 

UUiIill1 
AIRCRAFT MAINTENANCE MANUAL 

Subta.k 05-51-03-220-006 

L. Do. B-ch.ck inapection ot Łb. horlzontal aŁabl11zer. 
(Ref. Pi~. 609trASK 05-51-03-990-82ł) 
(Ref. Pi~. 610trASK ,05-51-03-990-830) 

Ii there li Itruc:tural 4amaqe to Ue horlzontal' 
atabl11ser and el.v.tora, ref_r to th. KC-ll structural 
Repair llanua1 (SM). 

TaSK 05-51-03-993-81ł 
Borlsontal Stabl11 •• r Surf.cel - B-Ch_ck In8pection 

--------------------------------------------------------------------
I!ISPECTIOX AItEA 
--------------------------------------------------------------------

l OUtboard elev.tor akin. - Buckl.. and vr1nkl.. in .Jtin 
- er.ck. and 4eforaatloD in 

trailiDq-e4qe .. -ber 
- EloC9&ta4 t •• taaer boI •• 
- .roteD or beat t •• ŁeDerl ar 

t •• t.nara not Łhere. 

2 Ror!aoct&l ltabl11 •• r 

'Subte.k 05-51-03-220-007 

M. Do. B-c:hIIck 1n8pec:tloo ot th ... nical atabl1izer. 
(Ref. Pi~. 611trASX 05-51-03-9'0-81ł) 
(Ref. Pl~. 612trASX 05-51-03-990-821) 

11m. If ther. 10 .tructural _~ to tli. ftrtical .tahilizer 
u4 rucłc:SGrl, rater to tha KC-II Structural Repalr Manual 
(SR!I) • 

1°5-51-03 
ftI:II DAft tva.Dn to aura:enva 1.ICDD 011 nua .ag. 

,~ 
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AIRCRAFT MAINTENANCE MANUAL 

1 

2 

3 

4 

W r  vmrtical s t ab i l i ze r !  - Wrinklasr huCNa8, cracks and 
extarnal skin pan818 a d  elongatad attachment holes i n  
8tmzctural doors bound by 
ma. 3 and lo. 4 banjo - bent  or broken 
frames and ta i l  pylon 
upper aad 1-r .pur 
(NO. 3 banjo is 8rtan8iOn 
of tnrtical aft  mater 

extension of rear .par) 

skin and doors 

fastener. or fastenern 
not there 

.Par Curd lo. 4 h j O  i 8  

Lmmr vmrefcal stabilizer 
100. 4 banjo frazm 

NO. 2 engin8 inner duct 
.kin ktuamn l o .  2 aad 
100. 3 banjo fraamr 

B U C k h l r  cracks and d8fO-d 

flu988 md -8Ilmr88 
8tif  f mer8 

inboard and outboard ring 

- Buckler urd wrinkles in ring 
webs - P i l l e t  crack. 
Elongated f a s k n e r  hole. in 
O U t b o u d  flmg8.0 

- Wrinkle. - Elongated holes in .kin - LOOsa, broken o r  &at 
fa s t ene r s  or f a s t ene r s  n o t  
there 

ROO 2 engine inner duct 
skin between No.  3 and 
100. 4 banjo fr8m.s 

- Increase o r  docrease of 
cor rec t  cleararm ktwern  
stnacttm and acou8t ica l  
panels. 

8. 

Subtask 05-51-03-410-003 

job C l o s e  . UD 0 

A. Ia8tall tho appliCabl8 panelsr floors, insulat ion, .  f i l le t8  and 
I othar rtructurv 

105-51-03 I 

lii:iilMJi] 
AIRCRAFT MAINTENANCE MANUAL 

TASK 05-51-03-993-815 
V_rtieal Stabl1izer Surf.c.. - B-Ch_ck Inapectlon 

----------------------------------------------------------.---------nlSPEC'rIOR AJtEA CllECII: POR 

---------------------------------------.-----------------_.---------
1 Lewer vertical atabiliz_r1 

enemal skin panel. and 
atructural 400r. bo1mc! by 
Ro.. 3 ... 4 Ro. 4 banjo 
fr_. ane! tail pylOD 
upper &De! low.r ~. 
(RO. 3 banjo 1 •• xten.1on 
ot ... rtical aft. ceDter 
opar ... 4 Ro. 4 banjo 1. 
enenalon ot Aar apar) 

2 Lawar Yertical atabl11.er 
Ro. 4 banjo fram. 

3 Ro. 2 en91Jle inD_r 4uct 
.'dn be'bN.n Bo. 2 ue! 
Ro. 3 banjo fr .... 

4 Ro. 2 eft91n. J...rJ.Der c1u~ 
aJc!.n betveen No. l an4 
Ro. 4 banjo tr .... 

- Wrinkl •• , buckl •• , eracks an4 
elonqate4 attachment hol.. 1n 
skin and 400r. 

- too •• , bent or brok.n 
f •• tenera or f.atenar. 
not there. 

- BuCkl •• , er.cka and deforme4 
ł nboard and outboard ringo 
flug'.. and tran""r •• 
atiffanera 

- Buckl.. ane! vrinkl.. in rinq _b. 
- Pill.t eracD 
- Elongated fa.ten.r hol.. in 

outbo&rd flanq ••• 

- Wrinkl •• 
- Zlonqat.4 hol.. in .kin 
- Leo •• , brok.n or bent 

t •• ten_r. or fa.ten.r. not 
Uere. 

- Inerea._ or 4ecr.... of 
correct cl.uanc:. betve.n 
.tructur. and aecu.tLeal 
pan_l •• 

8. Job C1011-UP - Bard l_naing Con4ition - B-CbIck In.pectiQD 

Subta.k 05-51-03-410-003 

A. ID.tall tb. app11eabl. panel., floor., 1n.ul.tlon,. fill.ts and 
other .trueture. 

M ALt. 105-51-03 
ftDI NTa tnnC'f f'O IIIftlenYS ""aD Ol' TnU ,AGa. 

paq. 629 
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AIRCRAFT MAINTENANCE MANUAL 

Subtaak 05-S1-03-912-002 

8 .  R o w  all the toolr urd oquipmant from tho work area. 
rum the area i r  clean. 

mko 

lJt:IiIDUil 
AIRCRAFT MAINTENANCE MANUAL 

Subta.k 05-51-03-942-002 

B. Re.,.,. al1 the tool. u4 equlpment trem Ue wark ar... Mak. 
aure th. &re. ia eleaD. 

1°5-51-03 
'II1II ND lUIonct '10 łllftIc:rm l.IGDD ClIł nn.I .AGI. 
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FEDERAL EXPRESS CORPORATION 
6 L-4 5 3 3 d  --/I4 11- U n y  

Alrcraft Structures Englneering 
3101 Tchulahoma 
Memphls, TN 38118 

... 
Y '  

FAX TRANSMITTAL SHEET 

Date: JANUARY 4, 1994 

EEQM: UT: 

Name: Mark Yerqer Company: DOUGLAS 

Phone: (901) 369-2654 Name: STEVE YOUNG 

Fax Phone: (901) 360-9551 Phone: (310) 593-9312 
A 

4 Page(s) 
including transmittal sheet 

Fax Phone: 

I M E S S A G ~ ~  I 

OUR MD-11 N611FE, FUS. NO. 553, WAS INVOLVED IN A HARD LANDING INCIDENT 
'Y 1/4/94. AIRCRAFT HAD 952 HOURS AND 236 CYCLES AT THE TIME OF THE ~ 

,JENT. A HARD LANDING INSPECTION HAS BEEN CONDUCTED. 

KEY INFORMATION : 

1. AIRCRAFT LANDING WEIGHT: 427,200 LBS 

MAX VERT ACCEL +2.85G 
MAX LAT ACCEL -0.45G 

AIRCRAFT C.G. 3 4 . 4  

2. 

A HARD LANDING INSPECTION HAS BEEN CONDUCTED IN IAW WITH MD-11 MM 05-51- 
03. THE FOLLOWING WERE NOTED: 

1. MILD TO MODERATE BUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM 

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. 
VERIFIED TO BE CRACK-FREE VIA EDDY CURRENT SURFACE PROBE. 
AND STRINGERS WERE ALSO VISUALLY INSPECTED FROM THE INSIDE. 
DEFECTS NOTED. 

LONGERON 36 TO LONGERON 48, STATION 595 BULKHEAD TO APPROX. STA. * .  

SUSPECT AREAS WERE 
SKIN 
NO 

PER DOUGLAS RECOMMENDATION, THE BULKHEAD AT STA. 595 WAS INSPECTED 
FOR DAMAGE. 
SURFACE PROBE. A VISUAL INSPECTION OF THE FORWARD AND AFT FACE OF 
THE BULKHEAD FROM LONGERON 36 LEFT TO 36 RIGHT WAS CONDUCTED TO 

THE LOWER TEE CAP WAS INSPECTED VIA EDDY CURRENT 

FEDERAL EXPRESS CORPORATION 
Ałrcraft Structures Englneerlng 

fI) 51,">v-Mt\- Lrl,1.-'1 
'i l~ 1, d' q 3101 TChulanoma 

MemphlS, TN 38118 

" FAX TRANSMITTAL SHEET 

Dale: JANUAAY 4, 1994 

EROM: 

Name: Mark Yerger Company: DOtlGLAS 

Phone: (901) 329-2654 Name: STEn '[OONG 
--~~~""----

Fax Phone: (9011 360-9551 Phone: (3101 593-9312 

l: 

4 Pag.(sl 
incbJding transmittalsheeł 

MESSAGE; I 

Fax Phone: 

OUR MO-II N61IFE, FUS, NO. 553, WAS INVOLVED IN A HARO LANDING INCIDENT 

-~ 1/4/94. AIRCRAFT RAD 952 HOURS AND 236 CYCLES AT THE TlME OF THE 

_>lENT, A HARO LAND ING IN$PEC:::ION HAS EEEN CONDUCTED. 

KEY INFORMATlON: 

AIRCRAFT LAND ING WEIGHT: 427,200 LBS 
AIRCRAFT C,G, 34,4 
MAX VERT ACCEL + 2. asa 
MAX LAT ACCEL -O.45G 

2. 

A HARD LANDING INSPECTION RAS EEEN CONDUCTED IN lAW WITH MO-II MM 05-51-
03. THE FOLLOWING WERE NOTED: 

1. MILO TO MODEAATE aUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM . 
LONGERON 36 TO LONGERON 48, STATION 595 BULKHEAD TO APPROX. 5TA, 
625, LEFT.ANO RIGHT SItlES. SEE ATTACHEO SKETCH (ATCK 11. MAXlMUM 
tlEPTH APPROX. 0.10 INCH AT THE LOWEST BUCKLE ON THE L/H SIDE. ALL 
OEFO~ATIONS ARB SMOOTR WITa NO CREASES, SUSPECT AREAS WERE 
VERIFIED TO BE CRACK-FREE VIA EODY CORRENT SURFACE PROBE. SKIN 
ANO STRINGERS WERE ALSO VISUALLY !NSPECTED FROM TRE INSIOE, NO 
DEFECTS NOTED, 

PER DOUGLAS RECOMMENtlA~ION, THE BULKHEĄD AT STA, 595 WAS INSFECTED 
FOR OAMAGE. THE LOWER TEE CAP WAS INSFECTED VIA EDDY CURRENT 
SURFACE PROBE. A VISUAL INSPECTION or TRE FORWARD P~D AFT FACE or 
THE BULKHEAD FROM LONGERON 36 LEr! TO 36 RIGHT WAS CONDUCTEO TO 



FOLLOWUP 
. ,:;;110N REQUiR"O EA. 

[ 21224 
5330-M-ll-

RELEASE DATE ___ ~1c:-,,7c:-,,9,,4'__ __ 

m~ ______ ~ ____ ~E~N:G~I~N~E~E::R~IN:G~~A~U~T~H~O~R~I~Z~A~T~IO~N~ __ ~AA:G~E_'~O:F-===,;,.;; .. ~~;r~a~~~E;/;~,,~~~=L~3) 
:tlTtE --

BY: NO. I 97225 
DAJE: ;'_;),/1/1/ 

FUSELAGE - Plates/Skin - Inspection/Repair Actions Due to Hard Landing 

EFFEć'f1vtT"ł 

All9is'!Y. Assel 
orEngineNo. N611FE 

UnitDesaip_ln Fuselage, Sta 

595-623, L39-48, both 

sides 

Mfg. PIH N/A 

SerialNo. N/A ---"''-''----

I"'ACH 
EM NO. 

REFERENCES: 

FURctloN: 

""""'"Cha>ge 

-CIw>ge 

Alaralion 

-.-.!- Repair 

alt." 

CLASSIFtCA nON 
(Alterations or 
rapairs anty) 

X Maior 

I 

SJGNUORES: 

REVISION RECORD: 

l. FEDEX E.A. 0550-Mll-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. Benja~n) to DAC, 1-6-94 
4. DAC Hsg SVC-MEM-0014/SFY 11-53-00-00, 1-6-94 {FAA approval - attached) 

INSTRUCT!ONS: 

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 documanted 
in Ref 2. An inspection IAW the HO-ll Haintenance Hanual was directed by Ref. l. 
Ref. 3 requested and Ref. 4.provided FAA approval for continued operation of the 
aircraft subject to the constraints listed below. 

PSIOB TO rUSTHER FI.IGHT: 

l. ~sure inspection per Ref. l has been accomplished. 

2. Ensure that'a swing of the nose landing gear IAW the MO-ll Haintenance Manual, 
Chapter 32, has been satisfactorily conducted to assure that there is no 
binding or noticeable unusual noises. 

3. The nose 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 takeoffs and 
landings for shimmy ar any athe~problem which could indicate damaged 
components as a result of the hard landing. 

AF 1 ':·=.08 

FOLLOWUP 
.t.C+ION REQUlaED 



:EOEń)!"l 
;XPRESS 
;ORPORATION 

E.A.#. __ ,,,-o:Sl.3lJlliOb2,,2:t6!l:Sl.ll __ 

ENGINEERING AUTHORIZATION Release Date: __ ~'~J=ll6",,9~4L ___ _ 

Page l ol I 

FUSELAGE=. TAIL STRIKE- TEMjlORARY REPAIR FOR ONJWTIME FERRY FLIGHT _ .. <2<::::::;' . 
.. ~ , ' ~ . - '.' 

N611FE 

SKIN AND BULKHEAD CRAIG 

JACK 

II 

the following damage. fuselage skin was damaged from boggeron SOR 51L, to 
2040. The Sta 2007 bulkhead'was also damaged from X=-24 to x=24. The center 3 vert. fIocr 
supports at sta 1975 and l vert. support at sta. 1987, X=O were aIeo found to be damaged. 
The5s~ject damaged area vas inspected and alI shear elips and longerons are intaet but 
slightly deformed. The tail drag inspection was accomplished and no other damage was found 

, 
, li. 

!r"s EA m ... s! 1)1 FAA apPloved Ol mus! refe/enCe p'ev,ousfy apPloveo da~a. Fo' m,no' cnanges wh'Ch auee1 
, Sll':'uld conla,n S;JO'stanl,arlng ,"!ormar,on or re!ere!"e anacneo Oocumenlal,on 

-
~. 

DAC TELEX ISC-MEM-0002/SFY 
FAA S110-3 DATED 11-7-94 

SRM 51-38-01 vol. 11 

CT10NS: Perfom a temporary repair to the damaged skin to enable 
t~ 'UY f, ",;r >" 'n110WS' 

L Fab a doubler from .080" 2024-T3 mat!. from lange ran 49R to SOL, 
sta. 1871 to 1997.75. 

2. Fab a doubler from . OSO" 2024-T3 matl. from lange ran SOR to SOL, 
sta. 1997.75 to 2047.6. CUt out access hole in tai! to match 
existing cutout. 

3. locate repair doublers in place, piek up existing fastener holes in 
longerons, shear elips and splice at sta. 1997.75. Add fasteners 
as reguired to piCk up a min. of 2 row of fasteners around entire 
perimeter of da~ged area. 

4. Install doublers using 3/16" dia. boIts in longerons and fastener 
rows adjacent to Butt sPIice at sta. 1997.75. Install 3/16 cherry 
max rivets at alI other locat~ons. 

5. AlI other 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 
Authorization. 

:ollow·up Traclung Entered by: \ Emp. No.: 

MECHANIC 

l Dale; 

-,. , .LJINTERJM Aclion Accomplished by: Emp. No.: Date: Ret.: WA1/Non·Routme 

:. FOL.L.OW·UP Action Accomplłshed by: (II Requiredj Emp. No.: Dale: Ref.: WRIINon·Aoutm8 

.~ F i 5:::3 '2 . H . 
":lex t,!·165 (SH1J 10/94 FedEx Reprcr;Jrapnlcs Set"VlCes 

CHECK BY 



SPEClAL OR NONROUTINE 
PRINT CLEARL Y. USE BLACK INK, BAlLPOINT PEN ONL Y. 

E 

AIRCRAFT 611 DI5CREPANCY NUMBER 301 

LMPI 611 53-30 301 19APR Mel OPEN LOG:OOOOQO EMP:064415 R 
1 *** LINE MAINTENANCE PLANNING ITEM~** 
~ **********************************~ł*********************_._.**.***_***_ 
3 FUSELAGE - PLATES/SKIN - IN§.e..lREPAlR ACTIONS DUE TO""'HARDlANDING 
" INSP. EVERY 1750 FL T HRS. DR ó- ł10NT-H. 
S 1// I / / / I11I II / / / / I / / / / / / / / / / / / l-t / /\ \ \ \ \\ \ \ \ \ \ \ \ \ \ \ \\ \"\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \. '\ , ~ 

6 INSTRUCTIONS: VISUALLY INSP,' DAHAGE AREA DF SKIN BET~EEN STA. '1'-595 ANO "j 

7 '1'-615, LONGERONS'36 TO 48 (BOTH SIOES aF FUSELAGEl AT _ 
B lNTERVALS NOT TO EXCEED 1750 FU, HRS. THIS INSP, 15 TO. 
9 BE CONOUCTEO- 80TH EXTERNALLY ANO IR1t:RNALL'(, LOOKING FOR' 

10 EVIOENCE Qr SKIN CRACKS OR FASTENER FAILURf. <SEE E .A. ,~,-
11 FOR F ULL OETAILS) • 

12 * 
13 REPAIR: PERHANENT REPAIR NO LATER THAN THE NEXT "e" CHECK. 
14 1111/1// / II I IIIIIII / 11111/ I.' /1 / / / /\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ " \ \ \ \ \ \ \ '. \ \ \ \ \ \ \ 
15 REINSP. NLT 3,241 A/C HRS. 

,SGN 15JUN 19:08 ME1 LOG:OOOOOO EMP:064415 
UNAS 16JUN 18: 49 MEl lOG! 0000-:)0 EHP: 000000 

'. t 
C 
C 

** ......... END OF Ol SPlAY ************** ... **************************************** ... ******************, 
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ENGINEERING AUTHORIZATION 
" . 

UJ< 

RElEASE OATE 

PAGE l CF 

( 21:Ź24 
5330-M-11-

1-7-94 

:,... 

FUSELAGE - Plates/Skin - InSpection/Repair Actions Due to Hard 

• 
ReqJsay.Alset 
Ol' Engi:w No. N611FE 

tJnltOescripk>n Fuselaga, St.. 

-295-623, L39-48, both 

-Chonoe __ e_ 
...."" 

~Repair ~_._--
MI; PIN 

Seńal No. N/A 

tJotJ6 
ACH 

""'" 
CLAselFJCAnON 
(AlleratiOns er 
repairs orlly) 

X Major 

FAX Ol' d8iigniił dl rwq&.InId) 

REVlSłON RECOAD: 

.• EM NO. 

l. FECEX E.A. 0550-Mll-21299 )5. (Rev A) DAC MsgSVC-ME,~-0124/S'v 
2. 
3. 

Fedex Fax IM. Yerqerl to DAC, 1-4-94 with attachments 
Fecex Fax (A. Benjaminl to DAC, 1-6-94 

4. DA~ ~sg SVC-MEM-0014/SFY 11-53-00-00, 1-6-94 (FAA approval - attachedl 

IN$TRU~T!OI'łS 

N6::f" ~AC Fuselaqe 553, received fuselaq. damage aft of the nQs. gear aurinq a 
!'".ar":! lar..ding cauaed by wind shear/turbulenca on 1-4-93. The damaga wa3 doeWNInt~ 
~n Ref 2. An inap.ction lAW the MO-ll Maintenanc. Manual was directed by Ref. l, 
Ref, 3 re~.Sted and Re!. 4.provided FAA apptoval tor con~inu.d operation o! the 
ai~craft ~Ubject to the constraints list.d below. 

PRIOR TO f11BTHER ruGaT: 

L 

2. 

3. 

Assure inspection per Ref. l has b •• n accomplished. f-" 
Ensure that' a swinq of the n038 landinq qear lAW the MO-U Maintena::-ce Ha ',1-:' 
Chapt.r 32, has been satisfaceorily conducted to assure that th.re ~s no 
binding or notieeable unusual noises, 

The nose gear has been visually inspectac and no problems noteo. Howev~r,~­
AML entry should be made and ma~ntained for 30 days aft er retur~ to se:Vi~e 
alert fliqht Crews to monitor the nosa landing geat during takeoffs an~ 
1andin93 for Shimmy or any oeher problem which coule indieate damagec 
components as a r.sult of the hard 1and1n9, 

l 

- - AFle,~89 

fVL1.0WUP 
ACTlON fUiO!JIRED " 

i 

( 
, , 
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EA.# 5330-Ml1-2i224 
ENGINEERING AUTHORlZAf l ON PAGE 2 OF x 2  

m. 
7 .  

1. 

2 .  

3 .  

U n t i l  a permanent r epa i r  is accomplished, visually inspect  damaged area of skin 
between s t a t i o n s  Y 4 9 5  and Y-615, longerons 36 t o  4 8  (both sides of fuseiage)  
a t  i n t e r v a l s  no t  t o  exceed 350 f l i g h t  hours. This inspection i s  t o  be 
conducted both ex te rna l ly  and internally, looking for evidence of  skin cracks 
or f a s t e n e r  f a i l u r e .  
p r i o r  t o  further f l i g h t .  
a c t i v i t y . )  

If an a d d i t i o n a l  hard landing is encountered, p r i o r  t o  f u r t h e r  f l i g h t  contact  
DAC for a d d i t i o n a l  inspect ion requirements.  (Ai rcraf t  S t ruc tures  Engineering 
w i l l  coord ina te  t h i s  a c t i v i t y . )  

Discrepancies found must be disposi t ioncd through DAC 
(Ai rc ra f t  S t r u c t u r e s  Engineering will coordinate  this 

Accomplish the permanent repair no l a t e t  t han  t h e  next C check (cur ren t ly  
scheduled for Nov 9 4 ) .  The pe-nen: repair w i l l  be developed by DAC and will 
be provided t o  FEDEX. 
S t r u c t u r e s  Engineering w i l l  coordinate accomplishment.) 

The permanent Icpair w i l l  be FAA approved. (Aircraft 

REV A - 19 Apr 94 

Per ref 5 ,  the repet i t ive inspections a t  350 f l i g h t  hours are cancell'ed. 
the inspection i s  t o  be accomplished a t  in tervals  not t o  exceed 1750 f l i g h t  hours o r  
s ix  (6 )  months from the l a s t  inspect ion.  

The revised inspection frequency i s  FAA approved. 

Instead, 

Repetitive inspections are required u n t i l  
I 
' 1  terminated per O p t i o n  1 o f  Ref 5. 

_ _  . . . .. ,- 

:.I' . . . 
. I  

. 

.' 

EA# S330-M*1-21224 
I!NGłNEERING AUTHORIZATION PAGE 2 OF ..( q 

FOL1.QW ne; 

l. Un~il a PQ~nent tep.i~ !s &ccompl~hed, v1sually inspect dama~.d ar.a of skin 
betwaen ~tations Y-595 and Y-61S, lQnqe~on3 36 to 48 (both sides ot fuselage1 
at ~nterval$ net to 8XCe&d 350 fliqht houra. ~hi$ in,pection is to be 
conduceed both externally and internally, looking for evidence ot .kin ex.eks 
Ot faGtenar failure. Oiscrep4nciea found muat be diapo$itioned throuqh OAC 
p~lor to f~rther flight. (Airerałt Structures Engineatinq will eoorclinate thla 
activity, ) 

2. Ii an .~t~on41 hard landing 1# encountered. prior to fu%th~r flight contact 
DAC tor aGditional inspection requirements. (Aircraft Struetures Enqin •• rinq 
will coordinate this activity.) 

3. Accompliab th_ pe~n.nt repair no la~er ~h4n the neXt C cheek {cu:ren~ly 

acheduled for Nov 94j. The peromanent repair will be daveloped by ~AC ~nd will 
be provideQ to FEDEX. ~he permanene :epai: will be FAA appro~d, (Airc:aft 
Structures Enqin.ering will eoordinate aecompli$hmant.i 

\ 

REV A - 19 Ap .. 94 

Per ref 5 the repetitive inspect10ns at 350 flight hours are cancel1ed, lnstead, 
the inspe~tion is to be accornplished at i"tervals not to exceeó 1750 flight ho~rs.or 
six f6) months from the last inspection. Repetitive jnspections are required unt11 
term1nated per Qption 1 of Ref 5~ The revised inspection freqoency is FAA approved. 

, , . 
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. .FEDERAL EXPRESS CORPORATION 
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4 Aircraft Structures Eng lneerlng 

Memphis, TN 38118 31 01 . Tchulahoma - Y  1- D F  

FAX TRANSMITTAL SHEET 

Date: JANUARY 4, 1994 

IQ: FROM: 
Name: Mark Yerser 

Phone: (901) 369-2654 

Fax Phone: (901) 360-9551 

4 P a g W  
Including transmtttal sheet 

I MESSAGE: 

Company: DOUGLAS 

Name: STEVE YOUNG 

(310) 593-9312 Phone: 

Fax Phone: 

OUR MD-11 N 6 1 1 F E ,  FUS. NO. 553, W A S  INVOLVED I N  A RARD LANDING INCIDENT 

ON 1/4/94. 
EVENT. 

AIRCRAFT HAD 952 IiOURS AND 236 CYCLES AT TZE TIME O F  TEE 

A I i A R D  LANDING INSPECTION HAS BEZN CONDUCTED. 

KEY INFOFWATION: 

1. AIRCRAFT LANDING WEIGHT: 427 ,200  LBS 

MAX VERT ACCEL + 2 . 8 5 G  
MAX LAT ACCEL - 0 . 4 5 G  

AIRCRAFT C . G .  3 4 . 4  

2. 

A HARD LANDING INSPECTION HAS BEEN CONDUCTSD I N  IAW WITH MD-11 MK 05-51- I 

03. THE FOLLOWING WERE NOTED: : J.-% .'!% 

- .  . $  

*. 
1. MILD TO MODERATE BUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM 

. - .. - -4 LC? 

-... . .  LONGERON 36 TO LONGERON 48, STATION 595 BULKHEAD TO APPROX. STA. 
625, LEFT AND RIGHT SIDES. SEE ATTACIED SKETCH (ATCH 1). MAXIMUM 
DEPTH APPROX. 0.10 INCH AT THE LOWEST BUCKLE ON THE L/H S I D E .  ALL 
DEFORMATIONS ARE SMOOTH WITH NO CREASES. 
V E R I F I E D  TO BE CXACK-FREE VIA EDDY CURRZNT SURFACE PROBE. SKIN 
AND STRINGERS WEXE ALSO VISUALLY INSPECTED FROM THE I N S I D E ,  NC 
DEFECTS NOTED. 

.' 
c 

.*- SUSPECT AREAS WERE 

PER DOUGLAS RECOA~~MENDATION, THE BUL.UEAD AT STA. 595 WAS INSPZCTZZ 
FOR DAMAGE. 
SURFACE PROBE. A VISUAL INSPECTION OF THE FORWARD AND AFT FACS 27 
THE BULKHEAD FROM LONGERON 36 LZFT TO 36 RIGHT WAS CONDUCTED i2 

THE LOWER TEE CAP WAS INSPECTED V I A  EDDY CURRENT 

" , 

FEOERAL EXPRESS CORPORATlON 
"Af,craft Sttucture.s Engln •• rłng 
3101 . Tchulahoma 
MemphlS. TN 38118 

, t Ą -;; -r:H -,vq \ - t.. lO,:! .. '1 
-"Ir~oF-q 

FAX TRANSMITTAL SHEET 

I 

Dale: JANUARY 4. 1194 

EROM: 

Nam.: 

PIlOne: 

Fax Phone: 

(991) 369-2254 

(201) 3§0-?5:;1 

4 Page(S) 
lneludlng transmłt1at anut 

I 

Il).: 

Coll1!lany: 

Name: STEVE YOyNG 

Phone: !~lOI 5,93-9312 

Fax Phone: 

OOR MO-II N611FE, FUS. NO, 553. WAS INVOLVED IN A nARD LAND ING INCIDE~~ 
ON 1/4/94. ĄIRCRAFT RAD 952 HOURS AND 236 CYCLES ĄT T?E TlME OF THE 

EVENT. A ~O LAND ING INSPEC!!ON RAS BtEN CONDUC~ED. 

KEY INFORMATlON : 

1. 

2, 

AIRCaAFT LAND!NG WE!GHT: 
ĄIRCRAFT C,G, 
MAX VERT ĄCCEL 
MAX LAT ACCEL 

427,200 LBS 
34.4 
+2,85G 
-O.4SG I I'·" 

,~. , 

A HARC LAND ING XNSPECT!ON RAS BEEN CONPJCTED IN lAW WITH MO-II ~ 05-51-
03. THE FOLLOWING WERE NOTEO: 

f , 

l. MILO TO MOCEAATE llUCKLING OF THE EXTERNAL SKIt; AND STRINGERS FROM 
LONGERON 36 TO LONGERON 48. STATION 555 BULKHEAD TO APPROX, STĄ, 
625, LErT AND R1GHT SIDES. SEE ATTĄCHED SKETCH (ATCH 1), MAX!MUM 
DBPTH APP~X, 0.10 INCH AT THE LOWEST BUCKLE ON TF~ LIH SIDE, AI: 
DErORMATIONS ARE SMOOTH W!TF. NO CREASES. SUSPECT AREAS WERE 
VERIFlEO TO BE CRACK-FREE VIA EnDY CURRENT SURFACE PROBE, SKIN 
AND STRING.EttS WE&iE ALSO VISUALL'!( !NSPECTED FitOM THĘ INSIDE, NO 
DEFECTS NOT!!D, 

PER nOUGLAS RECOMMENDATION, THE SULKHEAD ĄT STA. 595 WAS INSPS~:cc 
EOR DAMAGE. THB LOWER TEB CAP WAS INSPECTEO,VIA EDDY CURRENT 
SURFACE PROSt. Ą VISUAL INSPECTION or THE FORWARD AND AFT FACE :, 
THB llULKHEAD EROM LONGERON 36 LEFT :0 36 RIGHT WAS CONDUCTED Te , 

AF15291 
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FAX TO OOUGLAS ON MD-ll 553 
1/5/94 

. ~ Ą ·, S )1) ~M.'I-L1LZ.y 

fi f- f )' C"': '-I 

PAGE 2 
'l · 

CHECK FOR CRACKS , LOOSE OR PAMAGED FASTENE~S, eR DEFORMATlON. NO 
DEFECTS WERE NOTEO. 

PER DOUGLAS RECOMMENDATION, THE NOSE WHEEL WELL SIDE 
WERE VISUALLY INSPECTED FROM WHEEL WELL SICE ONLY TO 
CRACKS, LOOSE OR DAMAGED FASTENERS, OR DEFORMATlON. 
WERE NOTED. 

BULKHEADS 
CHECK FOR 
NO DEFECTS 

2 . DORING PYLON INSPECTION OF NO. l ENGINE, CRACKING OF THE PAINT AND 
SEALANT AROONO THE AFT PYLON ATTACH FITTING WAS NOTED AS SHOWN ON 
ATTACHMENT 2. NO DEFORMATlON OR DAMAGE WAS NOTEO ON THE FITTINGS 
OR ATTACHING HARDWARE. 

NO OTHER DEFECTS HAVE BEEN NOTED. THE AIRCRAFT WILL ONDERGO FURTHER 
EVALUATION DUR ING A "B" CHECK TO BEGIN TODAY. 

BASEn ON THE ABOVE AND OISCOSSIONS HELO WITH OOUGLAS ?ERSONNEL, FEDEX 
RECOMMENDS THE FOLLOWING: 

.... 

2. 

COMPLETE THE "B" CHECK ON THE AIRCRAFT PaND ENS\JRE NO OTHER DEFECTS 
ARE FOUND. 

OPERATE THE AIRCRAF'! WITH THE BUCKLES "AS 15." PERFORM EXTERNAL 
VISUAL INSPECTION AT "B" CHECK INTERVALS TO ENSu'"RE NO CRACKS, 
LOOSE OR MISSING FASTENERS, OR OTHE~ DAMAGE. 

3. WITHIN 60 DAYS, PROVIDE OOUGLAS ENGINEERING AN OPPORTUNrT~ TO 
INSPECT THE AIRCRAF'I' AT OUR LAX FACILITY FOR FURTHER DISPOSITION 
AND/OR PERMANENT REPAIR INSTRUCTIONS. PERMANENT REPAIR (POSSIBLE 
SKIN SECTION REPLACEMENT OR AN INTERNAL DOUBLER) I IF REQUIRED, 
WOULD BE ACCOMPLISHED AT THE NEXT "C" CHECK, UNLESS FURTHER DAMAGE 
15 NO'I'ED. 

PLEASE REVIEW AND PROVIOE CONCURRENCE OR ALTERNATE PLAN. BECAUSE 
PERMANENT REPAIR WILL BE CLASSIFIEO AS "MAJOR", i'LEASE PROVIDE FAA 
APPROVAL FOR THIS REPAIR PLAN. 

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT ME AT YOUR CONVENlENCE . 

Regards, 

Mark Yerger 
td.anager 

ircraft Structu=es Engineering 
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-'F:EV 020 (1713AM ')7JANQ4 
MErol (100:5 (1719AM 07J?lN9ił NSC! 053944 CA r~n ~ -/.,ql - Z. ,z."t. 

I'lr-ror-q 
,. 

LBt'lE.r1 LBLBC CDF"Y 

6 ... 'C-Mt::M-0014/SFY 11-53-00-00 

i ~8 RE.Fl. Y F:EOU I nEn 

:0: D. f.:. SCHREHF". NEMF'H I S 

FROr1: "l.E. CUF:LEY/SFY, Cl-l.32 <76-40> 
DOUGLAS AIRCRAFT COMPANY. LONG "BEACH 

SL18J: HARD LAND I NG - FOF:loJARD FUSEl_AGE DAMf-\GE ~ 
r1D-l1 F USELAGE ~53 

::;EF: ł'1El't-SVC-()~J()7/DB2. DTO 5 JAt-! 94 

C"":"ll.E: 

-":.F1:= -.' EO·lALUt4 T lON OF DAf'l;"'GE REF"OF:TED HJ REF AND or·J5 I TE 
,"l~r:<:_:TICN E'Y C. CHIL'.JEF:S - DAC STRESE EHGINEEF:. THE 
,:;,:RCR .... ~FT 18 {',CCEF"TABLE fcm CONT!NUED SEF:VICE F"F.!J~/lDED 

-:HE FOLLO'.oJlt-lG 15 flCCOI"1F-·L13HED. 

El>J!!'łG 1'~0EE GEr-1E TO ,~ssur;:E: NO BIND IflG Dr:: f·.!OT I CE.~9LE 
tHJCSUAL NOI!::"!:3. 
\I I SiJ{;LL~' J HSFEC T DI" .... l"lAGED ,""'..F:E;'1 CIF SI-": I n BE11'JEEt J S rtn I Dr·JE: 
Y=59~ HI',C' '(=61:":; FF.Orol LONGEF:OrJS 36 1048 ( L/H (",tl[> E.'H 
SIL'E.' E~'....T1H E},TEF;N?-"LL'f ~·.ND ItJTEF:r~PfL.L~'. rrJSFt:CTIONS TO BE 
~\T Z.51) FL_IGHT HJUF. 1NTEF:'IALS :_00l·:·1N8 FOt=:; F(".lLEn F(..;51"~rlE.F:5 

Dr: SLHI CS-Hc;:S. IF ANY [.JSCF:EP~,t·łCIES ARE FQUND CotJTACT 
D,~C E'EfOf-\E. F\.U=:THEF: FLIGHT F Oj:;: REC'.")r-1MEtlD.:.nIGtJS. 

3. lF ANY ADD!TIOt-J;:.L H{.l,F:D L,~r·W!NG 1S EXPERIENCED, CQI'HAr:T D-':'C 
BE FOf..E I=lJF: rHEI=' FL I Gi-l T F(JF: 1: ł'lSF"EC11 ON F.EOU I RE!·1Eł'ns. 

4. PERrlANErH F:EPAIF: TO BE ACCOt'1MF"LISHED Ar NO LATER HiAr·J 
NEYT 'C' CHECt-:. ICURF-:ENTLY SCHEDULED Frm NO'! er-\). 
f"ERf1ANEI·Jf F:SPAIF: 10 BE DEVELOF"ED B'{ O,;C HND PF;O'.'IDt::n 10 Fl'l. 
F'EF:MAN€.NT REPA I F, 1'.11 LL (iE FAA APPRO'JED. 

THE ~~BOVE D I SF'OS I T I Dr J HAS BEEN. SHOl'JN TO COf1PL '{ ~oJ I TH THE 
TYPE CEf-:1 IF!CiiT10f'J BAS1S FQF: lHE AIRCF:AFT ;-lND 15 FAA AFPF:Q\.'ED. 

F:EGARDS 

AF le'.296 
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7 MHRCH 44 

3 

. SCHREMP, MEMFHIS 

-In : 11. t. CUHLEY/SFY , Cl-L.52 (76 -Yu1  
I' *I.ilLcIS H lRCRAFT CUbtPHNY. LONG EEACH 

'J : , _I LGNDING - FORWARD FUSELAGE URMHGE, 
flL-11 FUSELAGE 59s 

-. -. ri+:c; 
t 

2 pitSSfiEiE APFF:OVED CONTINUED SEF:VICE OF SUbJ AIRCRAFT 

. Y  LIJFJGERONS 36 TO 49. F:EF STATED THAT REPAIR WAS TO 
H S~.: .! l \r  t&Ir\lt;LES BETMEEN FRAME STGTIONS Yc595 &NU L=615 

~'"CUMFLISHELJ AT THE NEXT ' C '  CHECK I N  NOY Y4. SUESEOUENl 
y .  A D D I l ' I O d A L  EVALUATION BY DAC H A S  DETEEMINED TilGT 

I rOLLOW IFJG OF'TIONS ARE ACCEPTAELE FOR STRENGTH. 

\iT I NUE REVENUE SEE0 I CE LJ I TH WR I t.(t:.LES kS REPORTED b I J  TH 
ET I T 1 V E  V I  SUAL I NSPECT I ONS OF THE WR 1 Nh:LED Sk. 1 r.1 RUTH 

TERNALLY UND EXTERNCSLLY FIT INTERVALS NOT TO EXCEED 1 7 5 9  
IGHT HOURS OH 6 MONTHS, WHICHEVER OCCURS FIRST. NU 
= A I R  IS REQUIRED. IF ANY ADDITIONAL DQMCIGE IS FOUND, 
-4TACT DAC PRIOR TO FURTHER FLIGHI. ALSO, NOlIFL DAC OF 
f A D D I T I U N q L  HARD LANDINGS. 1HE ABOVE IFISFECTION INTERVALS 

~ERVFILS IN REF. O P T I O N  2 IS FA63 APPROVED. 
I N I T I A T E D  FIT. THIS TIME AND SUPERSEDE INSPECTION 

z ALSO CONCURS WITH AN FM FROPOSED INSERVICE EVWLUATION Foh 
STALLHTION O F  A TEXTRON BORON BONDED REPAIR COVERING A SINGLE 
'.jGERfJN/ FRAME k A V  I N  THE WRINKLEL, UREA OF THE SP.IN. 

;-, f~ 'o. f NMESSAG:: STAT US / HEA DERN t1 N N fi NNt1HNł1NHNNM HNNNN tll1!-IH 111'1 N 11 NI1HI1 NI1I'1Nf1/1HHI1f'1NNf.l/1.I.,Ń i'1 
f-l i . ILBREV l~4~, (, AM 07MAR94 LBMEM (J()06 1 :i37F'M (J7MAR94 MSQ 039973 LBME!'1 L! 

'~_f" ri '1 ;-f Nli rt N t1 1'111,.1 tJ d J-t ~11"f H N i'1 fiN Hł1H H li N I1l'1 N H rtl'! 1'1 N fol NI1 t1 H 1"1 MM N .~I i"1 N N NI1N"'1"1 NNN N.I1NN 1'11111 N !1Ni'! i'!,.1 N 
()717~ 07MAR94 

: 1537PM 07NAR94 MSQ 03997:. 

!:O'-

5' J 5' C - h ,i -'(../ H L/ 
(C-~CrCI 

'- ',1124 /SFY l 1-53-(..)1)-1)0 7 MARCH 94 

:-,-:.. IRE1J 

. SCHREMP. MEMF"Hl S 

JM: 11. i:... " CURLEY /SF"y. Cl-L3~ (7c-4UJ 
f' '!·'::;LAS ~.LRCRAFT CO\'IPANY. LONG BEACH 

.' LAND l NG - FORWARD FUSELAGE UAMAGE.. 
r"lL'-ll FUSELAGE 553 

S .... C-MEM-!)u14/8I="Y. on] c JAN 94:ł 

- rlc.SSAGE APF"ROVED CQNTINUED SEF:VICE OF SUBJ AIRCRAFT 
t-ł S"-.!f\1 WRIl'lt~LES BETtolEEN FRAME STATIONS Y~595 AND Y=615 

. .., LO~GERONS 36 TO 49. F:EF STATED THAT F:EFAIR WAS TO 
"'TUMFLISH2.u AT THE NEXT 'C' CHEC~-: IN NOV 94. SUBSEQUENl 

'. ADOHIOrJAL EVALUATION BY OAC HAS OnEI<HINEO THAT 
: rOLLOWlt'lG OF'TIONS ARE ACCEF"TABLE FOR STREI'JGTH. 

T lON 1 -

_leE IN ,.:, NEI.>I SECTION OF SKIN PEF: ROD St-:ETCH 94-01-1)7-(lu1 
ICH IłIOULD DELETE REQUTREMENTS FOR SPEClAL REF"E! I I lVI::. 
~FECTIONS. ROD SKETCH 94-01-I.l7-()()1 15 FAA APF'F.OVED. 

~ lON ~ -

'HINUE F:EVENUE SEF;\.;ICE ŁoJITH WRIM(LES AS F:EF'ORTED t'iITH 
";'-ETITIVE VISUAL II'lSPECTION5 OF THE WRINł-:LED St<lN BOT H 
,ERNALLY AND EXTERNALLY AT !NTERVALS NOT TO EY-CEED 1750 
: GHT HOURS OR 6 MONTHS ~ WH I CHEVEP. OCCUF:S F I R$l. NO 
-=AIR J5 REQUIRED. !F ANY ADDITIONAL DAMAGE 15 FOUND. 
"HACT DAC PRIOR TO FURTHER FLIGH1. ALSO. N01IFY DAC DF-
-( ADDITION~L HARO LANDINGS. lHE ABOVE INSPECTION INTERVALS 
, PE INITIATED AT THIS TUlE AND SUPEF<SEDE Ir-JSPECTION 
TERVALS IN REF. OPTION 2 15 FAA APPROVED. 

= ALSO CONCURS WITH AN FM F'F<OPQSED INSERVICE EVALUATION FOk 
3TALUHION OF A TEXTRON BORON BOI'łDED REF'AIR CQVERING A SINGLE 
'IGERON/ FF:AME BAV IN THE WRINKLED AREA QF THE SI'dN. 

3P 'S 

,. 

AF15297 
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ENGINEERING AUTHORIZATION PAGE l OF 

TITlE 

EFFECT1VITY FUNCTlON: 

Registry. Asset ~ I 
OT Engine No_ .... I __ Manual Change 

Unit Oescription -,S"k ... NI"'--CGo~S7:UNDe4j MmatiaI Change 

Mig. PIN ______ _ 

Serial No. ______ _ 

·nACH 
TEM NO. $.-$0 $61 

REFER!::NCES. 

lNSTRUCTIONS: 

Alteration 

--Repa;, 
~ Other 

CLASSIFICATlON 
(Alterations or 
repairs only) 

__ Major 

~Mnor 

SIGNATURES: 

Engineer 

Manager 

FAA ordesignee {iI req\Jlred} 

REVIS10N RECORD: 

Re. ______________ _ 

Dale ____ --' ________ _ 

~,---- ---- ----
Mg'. _______ - ___ _ 

FAA 
or des'"''''''''''(''''' ",,;:;"=,~::;CdJ- ----- -----
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. FEDERAL EXPRESS CORPORATSON 
Alrcraft Structures Englneerlng 
3101 Tchulahoma 
Memphls, TN 38118 

FAX TRANSMITTAL SHEET 1' 

Date: JANUARY 4, 1994 

FROM: UT: 
Name: M a r k  Yerqer Company: DOUGLAS 

Phone: (901) 369-2654 Name: STEVE YOUNG 

Fax Phone: (901) 360-9551 Phone: (310) 593-9312 

4 page(s) 
including transmittal sheet 

Fax Phone: 

I MESSAGE: I I 

OUR MD-11 N611FE,  FUS. NO. 553, WAS INVOLVED I N  A HARD LANDING INCIDENT 

ON 1/4/94. 
EVEKT. A &-SAD LANDlrjG INSPECTIOh HAS BLEN CONDUCTED. 

AIRCRAFT HAD 952 HOURS AND 236 CYCLES AT THE TIME OF THE ,, 

KEY INFOFWATION : ._ 

1. AIRCRAFT LANDING WEIGHT: 427,200 LBS 
AIRCRAFT C.G. 34.4 
MAX VERT ACCEL + 2 . 8 5 G  
MAX LAT ACCEL - 0 . 4 5 G  

2. 

A HARD LANDING INSPECTION HAS BEEN CONDUCTED I N  IAW WITH MD-11 MM 05-51- 
03. THE FOLLOWING WERE NOTED: 

1. M I L D  TO MODERATE BUCKLING OF THE EXTERNAL SKIN AND STRINGERS FROM 
LONGERON 36 TO LONGERON 48, STATION 595 BULKHEAD TO APPROX. STA. 
6 2 5 ,  LEFT AND RIGHT SIDES. SEE ATTACHED SKETCH (ATCH 1). MAXIMUM 
DEPTH APPROX. 0.10 INCH AT THE LOWEST BUCKLE ON THE L/H S I D E .  ALL 
DEFORMATIONS ARE SMOOTH WITH NO CREASES. SUSPECT AREAS WERE 
VERIFIED TO BE CRACK-FREE V I A  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 3 6  LEFT TO 3 6  RIGHT WAS CONDUCTED TO 

I 

FEDERAL EXPRESS CGRPORATION 
Alreralt StruCI""'. linoln .. ,lng 

t:. Ii ::> ~ > v - /VI t I - '- I '" (.,. "' 

'i1r'\vF-q 3101 Tchulahoma 
Mempl1ls. TN 38118 

FAX TRANSMITTAL SHEET 

Dale: JANUARY 4, 1994 

EROM: 

Name: Marie: Yeraer Company: DOUGLAS 

Phone: (901) 3~9-2554 Name: $TEVE YOUNG 

Fax Phone: (901) 360-9551 Phone: (310) 593-9312 

4 Page(sl 
łncJudlng tra.nsmłttal sheet 

MESSAGE: ł 

Fax Phone: 

OUR MO-l1 N611rE, FUS. NO. 553, WAS INVOLVED IN A HARO LANDING INCIOENT 
ON 1/4/94. ĄIRCRĄFT BAD 952 BOURS AND 236 CYCLES AT THE TlME OF THE ~ 

EVEl .. '!. A liiUtD LAND.lNG lNS?ECTIOh HAS BłJ.EN CONDUCTED. 

KEY INFORHATION; 

1. 

2. 

AIRCRAFT LANDING WEIGHT: 
AIRCRAFT C.G. 
MAl< 'JER! ACCEL 
MAX LAT AC~L 

427,200 LBS 
34.4 
+2.85G 
-0.45G 

Ą HARO LAND ING INSPECTION BAS BEEN CONDUCTED IN lAW WITa MO-I1 MM 05-51-
03. THE FOLLOWING WERE HOTEl?: 

1. MILl? TO IIOl?ERATE BllCKLIN" OF THE EXTERNAL SKIN AND STRIlIGERS FROM 
LOlIGERON 36 TO LONGERON 48, STATION 595 BOI.Kl!li:All TO APPROX. STA. 
625, LEFT AND RIGHT SIDES. SEIi: ATTACHED Sl(ETCH (ATCH 1). MAXIMOM 
DEPTH APPROX. 0.10 INCH AT TIlE LOWEST BllCKLE ON THE L/H SIDE. ALL 
DEFORMATIONS ARE SIIOOTH lłITH NO CREASES. SUSPECT AREAS WERE 
'JERIFIED TO BE CRACK-FREE VIA EDDY CURREN~ SURFACE PROSE. SKIN 
AND STRINGERS WERE ALSO VISUALLY INSPECTED FROM Ta! INSIOE. NO 
DEFECTS NOTED. 

PER DOUGLAS RECO~NDATION, THt BULKHEAD AT STA. 595 WAS INSPEC~ED 
FOR DĄMAGE. TBE LOWER TEE CAP WAS INSPECTED VIA EDDY CORRENT 
SURFACE PROSt. A VISUAL lNSPECTION OF THt FORWARD AND AFT FACE OF 
THE BULKHEAD FROM LONGERON 36 LEFT TO 36 RIGHT WAS CONDUCTED TO 

_Iti 
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FAX TO,DOUGLAS ON MO-ll 553 
1/5/94 
PAGE 2 

,. 
CHECK FOR CRACKS, LOOSE aR DAMAGED FASTENERS, OR DEFORMATlON. NO 
DEFECTS WERE NOTED~ 

PER DOUGLAS RECOMMENOATION, THE NOSE WHEEL WELL SIDE 
WERE VISUALLY INSPECTED FROM WHEEL WELL SIDE ONLY TO 
CRACKS, LOOSE OR DAMAGED FASTENERS, OR DEFORMATION. 
WERE NOTED. 

BULKHEADS 
CHECK FOR 
NO DEFECTS 

2. DURING PYLON IN$PECTION OF NO. l ENGINE, CRACKING OF THE PAINT AND 
SEALANT AROONO T,HE AFT PYLON ATTACH FITTING WAS NOTEO AS SHOWN ON 
ATTACHMENT 2. NO DEFORMATlON OR DAMAGE WAS NOTED ON THE F1TTINGS 
OR ATTACHING HARDWARE. 

NO OTHER DEFECTS HAVE BEEN NOTED. THE AIRCRAFT WILL UNDERGO FURTHER 
EVALUATION DUR ING A "B" CHECK TO BEGIN TODAY. 

BASED ON THE ABOVE AND DISCUSSIONS HELD WITH DOUGLAS PERSONNEL, FEDEX 
RECOMMENDS THE FOLLOWING: 

l. COMPLETE THE "B" CHECK ON THE AIRCRAFT AND ENSURE NO OTHER DEFECTS 
ARE FaUNO. 

2. OPERATE THE A1RCRAFT WITH THE BUCKLES "AS 1S." PERFORM EXTERNAL 
V1SUAL INSPECT10N AT "B" CHECK INTERVALS TO ENSURE NO CRACKS, 
LOOSE OR MISSING FASTENERS, CR CTHER OAMAGE. 

3. WITHIN 60 DAYS, PROVIDE DOUGLAS ENGINEERING AN OPPORTUNITY TO 
INSPECT THE AIRCRAFT AT OUR LAX FACILITY FOR FURTHER DISPOSITION 
AND/OR PERMANENT REPAIR INSTRUCT10NS. PERMANENT REPAIR (POSSIBLE 
SKIN SECTION REPLACEMENT OR AN INTERNAL OOUBLER), IF REQUIRED, 
WQULD BE ACCOMPLISHED AT THE NEXT "e" CHECK, UNLESS FURTHER DAMAGE 
1S NOTED. 

PLEASE REV1EW AND PROVIDE CONCllRRENCE OR ALTERNATE PLAN. BECAUSE 
PERMANENT REPAIR WILL BE CLASSIFIED AS "MAJOR", PLEASE PROVIDE FAA 
APPROVAL FOR TH1S REPAIR PLAN. 

IF YOU HAVE ANY QUESTIONS. PLEABE CONTACT ME AT YOUR CONVEN1ENCE. 

Reqards, 

Mark Yerger 
Manager 
Aircraft Structures Engineering 

,~F1547ć: 



E.A.# __ --25.2.3~2!!.O-::'M"'1'_"'.:-~2"'2.;oO=_5~8 __ 

AELEASE DATE 9/22/94 

ENGINEERING AUTHORIZATION PAGE _'_ OF _8_ 

" FDSBLAGB, STA. y = 595 TO Y "" 615, LONG. 36L '1'0 

BORON DOUBLBR EVALU.Al'ION 
EFFECTIVITY 

Registry. Asset 
or Engine No. N611 FE 

Unit ~ion HI)-11F 

AJC Seria) No. 48604 

TST 

CYCLES 

MFG. P.łoI 

SERiAlNO. 

:"ACH EM NO. 

AEFERENCEs: 

3519 

813 

N/A 

• 

FUNCTION: 

Manuał Change 

__ Material Change 

Att.,ation ---x O!hor 
EVALUATION FAA Ot designee (ił required) 

CLASSIFICATION REVISION RECORO: 
(AheraOons ar 
tepairs anty) R.v. _____ _ 

Major Date ____ _ 

Minor Eng, ____ _ 

I 
Mg" 

FM 
or design •• (ił required) 

l. HI)-11 SRH, VOL. II, CH. 51-62-01 AND CH. 51-71-00 

2. BOEING SPECIFICATION NUM8ER 0658-10183-1 

3. ATACS MODEL 0810 REFERENCE GUIDE AUDlfć", I:NTEIiEJ 
4. E.O. 2-5110-7-3307 8'(· 1~"".'D 

\.....Atti7.:~O ...... 1 
5. FAX TRANSMISSlON FROM TEXTRON SPECIALTY MATERIALS, DTD 9/22/94 ~_. -6. E.A. 5310-Mll-22060 

XNS'l'BpCTXONS' 

THIS E.A. GIVES INSTRUCTIONS FOR THE APPLlCATIQN OF THE BORON DOUBLERS ON THE L/H 
SIDE OF AIC 611. THE DOUBLERS WILL BE APPLIEO OVER THE SKIN WRINKLES FOUNO FROH 
FUS. STA. y -595 TO Y - 615, FROH LONGERON 36 TO LONGERON 48. REFERENCE FIG. l AS 
WELL AS THE ACTUAL SIZE MAPPING OF THE DAMAGE AND DOUBLERS. 

NOTE, THESE INSTRUCTIONS REFER TO THE APPLlCATION OF DOUBLERS f2 AND f4 ONLY (REF. 
FIG.l), HOWEVER, WITH TlME PERMITTING DOUBLER fI MAY ALSO BE INSTALLED. 

THE APPLICATION OF THE BORON DOUBLERS 15 AN EVALUATION PROJECT IN CONJUNCTION WITH 
HcDONNELL DOUGLAS AND TEXTRON. THE APPLICATION OF THE DOUBLERS DOES NOT CONSTITUTE 
AS A FINAL REPAIR, AT THIS TIME, FOR THE SAlD WRINKLES ABOVE. 

I"OLLQW-VP' 

OPON COMPLETION OF THIS E.A. 
E.A. ENGINEERING WILL 1SSUE 
AT ALATER TlME. 

NO FURTHER ACTION OR FOLLOW-UP 1S REQUlRED PER TH1S 
ADDITIONAL DOCUMENTATION TO REFLECT FOLLOW-UP ACTIONS 

FecłEx f"ł.165 (SH1) REY 1M1 FedEx Pw~ahing s.rw::e. {F15482 



EA# 5320-M11-22058 

MECHANIC 

NOT REQ'D 

RML 
9951b 
14 

ENGINEERING AUTHORIZATION PAGE 2 OF 8 

RII/INSP. 

NOT REQ'D 

NOT REQ'D 

7 - DETAIL INSTRUCTIONS 

THE SURFACE PREPARATION USING THE "P.A.C.S." SYSTEM WILL BE DONE 
ON DOUBLERS 12 AND #4. BONDING WILL PROCEED ON THESE TWO 
DOUBLERS ONCE THE SURFACE PREPARTATION HAS BEEN COMPLETED. 

r -  EQUIVALENT), PREPARE MARKED AREAS TO RECEIVE BORON DOUBLERS. 
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. 

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. 

5. NO BREAK HAS BEEN WITNESSED. O.K. TO CONTINUE. 

6. AFTER ACHIEVING SUCCESSFUL WATER BREAK ALLOW AREA TO AIR DRY. 
DO NOT TOUCH AREA. 

. 
7. ANY AREAS NOT TO RECEIVE THE "PACS" ANODIZATION PROCESS 

IMMEDIATELY, SHOULD BE BAGGED AND PROTECTED FROM SURROUNDING 
WORK AREA. MARK THE OUTSIDE OF THE BAGGING MATERIAL "READY 
FOR PACS" . 

NOTE, ALL WORK WILL BE DONE USING CLEAN, LINT FREE GLOVES. 

REFERENCE ACTUAL SIZE FIGURE OF DAMAGE AND DOUBLERS AS NECESSARY. 

1. MASK THE AREAS TO CONTAIN THE BORON DOUBLERS APPROXIMATELY 
THREE TO FOUR INCHES BEYOND THE DAMAGE. REFERENCE FI . 
MAPPING THE DAMAGE AND THE FULL SIZE SKETCH MAPPING OF THE 
DAMAGED AREA. 

2 .  PERFORM A FASTENER MAPPING BY MAKING A RUBBING OF THE 
FASTENERS MFECTED 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 
FACILITATING PERMANENT REPAIR. 
SUBMIT FASTENER MAPPING TO ENGINEERING. 

NOT REQ'D 7 

I 

NOT REQ'D 

I :u' 
513! 

I NOT REQ'D 

&- F d G M 1 6 5  (M) 383 fECR.pognpluaS.m# 

EA. 5320-Mll-22058 

ENGINEERING AUTHORIZATION PAGE 2 OF ____ -'8'---__ _ 

~. .. DETAIL INSTRUCTIONS MECHANIC RII/INSE' . 

THE SURFACE PREPARAT lON USING THE "P.A.C.S." SYSTEM WILL BE DONE 
ON DOUBLERS ł2 AND 14. BONDING WILL PROCEED ON THESE TWa HOT BQ'D HOT REQ'D 
DOUBLERS ONCE THE SURFACE PREPARTATION RAS BEEN COMPLETED. 

NQTE r ALL WORK WILL BE DQNE USING CLEAN, LIN! FREE GLOVES. 

REFERENCE ACTUAL SIZE FIGURE OF DAMAGE AND DOUBLERS AS NECESSARY. 

L KASK THE AREAS TO CON1AIN THE BORON DOUBLERS APPROXIMATELY HOT REO'D 
THREE TO FOUR INCHES BEYOND THE DAMAGE. REFERENCE FJ . 
HAPPING THE OAMAGE AND THE FULL srZE SKETCH MAPPING aF ~HE RM.;;. 

DAMAGED AREA. 8ssn 
"-, 

2. PERFQRH A FASTENER MAPPING BY HAKING A RUBBING OF THE HOT REQ'D 
FASTENERS AFFECTED BY THE BORON OOUBLERS. THE RUBBING WILL BE 
USED TO IDENTIFY THE FAS1ENERS QVER THE DOUBLERS AS NEEDED FOR 

RMG HDI. THE FASTENER LOCATIONS WILL ALSO BE NEEDED WHEN , 
995-, 

FACILITATING PERMANENT REPAIR. , 
SUBMIT FASTENER MAPPING TO ENGINEERING. 

. 

USING OENATUREO ALCOHOL OR SOLVENT (1,1,1 TRICHLOROETHANE OR HOT REQ'D 
- EQUIVALENT), PREPARE HARKEO AREAS TO RECElVE BORON OOUBLERS. 

USE DOUBLE SOLVENT WIPE HETHOO. PROVIDE A WATtR BREAK FREE 
SURFACE ON THE ALUMINUM SKIN BY USING A SCOTCH BRITE PAO BY " "/G 

HAND AND MODERATE CIRCULAR SCOURING FOR S TO 10 MINUTES. ;~51.J 

4. USING ONLY OISTILLED OR PURIFIED WATER, SPRAY THE PREPARED 
SURFACE WITH A HEAVY CONCENTRATION OF WATER. A WATER BREAK -

",:;3 
FREE SURFACE SHOULD BE WITNESSED FOR 30 SECONDS. ;""~:·3 fE-D 

5. NO BREAK RAS BEEN WlTNESSED. O.K. TO CONTINUE. 
RMG 

.9SIJ ft-23 , . 
6. AFTER ACHIEVlNG SUCCESSFUL WATER BREAK ALLOW AREA TO AlR ORY. HOT REQ'O 

DO NOT TOllCH AREA. 
" u 

51:5 ! 

7. ANY AREAS NOT TO RECEIVE THE "PACS· ANODIZATION PROCES S HOT REQ'O 
lMMEDlATELY, SHOULO BE BAGGED AND PROTECTED FROM SURROUNOING 
WORK AREA. MARK THE OUTSlOE OF THE BAGGING MATERIAL "REACY Rr.;.,: 
FOR PACS". 9961.' 

AF15483 

~ . .. 



EA.# 5320-M11-22058 
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~ ~~ 

'1 . INSTRUCTIONS CONT'D 
8. SEAL FASTENER HEADS WHICH WILL BE AFFECTED BY THE APPLICATION 

OF THE BORON DOUBLERS. BE CAREFUL WHEN SEALING NOT TO 
CONTAMINATE THE SURFACE, 
BREAK FREE SURFACE TEST. SEAL AS FOLLOWS: 

SINCE IT HAS ALREADY,PASSED THE WATER 

ENGINEERING AUTHORIZATION 

MECHANIC I RII/INSP. 
INOT REQ'D 

I 

9. ANY AREAS NOT TO RECEIVE THE "PACS" ANODIZATION PROCESS 
IMMEDIATELY, SHOULD BE BAGGED AND PROTECTED FROM SURROUNDING 
WORK AREA. MARK THE OUTSIDE OF THE BAGGING MATERIAL "READY 
FOR PACS" . 

10. PERFORM THE PHOSPHORIC ACID ANODIZED CONTAINMENT SYSTEM 
("PACS") PROCESS PER DOCUMENT D658-10183-1 SECTION 5.2 AND 

SECTION 3. 
SECTION 6.6.9.2. ALSO REFERENCE THE ATACS MODEL 0810 GUIDE, 

. 
11. AFTER COMPLETION OF "PACS" PROCESS ALLOW AREA TO A I R  DRY 

USING HEAT LAMPS AS NECESSARY. 

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 

A. MIX ATACS 4103 ADHESIVE PER MANUFACTURER'S 
SPECIFICATION. 

RMG 
99513 

1 

.$'b;G 
C S S 1 3  

/ 

RMG 
99513 

RMG 
99513 

SUCCESSFUL RESULTS ARE ATTAINED. 

13. ANODIZED AREA HAS BEEN INSPECTED AND HAS PASSED AS DESCRIBED 
ABOVE. O.K. TO CONTINUE. 

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 
65-80 DEGREES F. 

li :,:G 
395 13 

-~ 
ALLOWED. RMG 
IF ANY DISCREPANCIES ARE FOUND REPEAT STEPS 3 THRU 7 UNTIL I 99513 

NOT REQ'D 

NOT REQ'D 

tA. 5320-Ml1-22058 

ENGINEERING AUTHORIZATION PAGE 3 OF 8 

" ' INSTRUCTIONS CONT"O MECHANIC RII/INSP. 
8. SEAL FASTENER HEADS WSIeH WILL BE AFFECTED BY THE APPLICATION NOT DQ'D 

OF TH& BORON OOUBLERS. BE CAREFUL WEN SEALING NOT TO 
CONTAMINATE THE SURFACE, SINeE IT RAS ALREADY PASSED THE WATER 
BREAK FREE SURFACE TEST. SEAL AS FOLLOWS: 

A. HIX ATACS 4103 ADHESIVE PER MANUFACTURER'S RMG 
5PECIFlCATIQN. 

9951~ 

B. USING A SMALL PAINT BRUSH, OAS THE FASTENER HEADS WITH 
THE ADHESlVE. BE CAREFUL NOT TO ALLOW THE ADHESlVE TO 
DRlP AND CONTAMINATE THE SURFACE. 

C. ALLOW THE ADHESlVE TO CURE. CURE TlME 1S 15 MIN. AT 
65-80 DE:GREES F. 

, 
9. ANY AREAS NOT TO RECElVE THE "PACS" ANODIZATIQN PROCES S NOT REQ'D 

IMMEDIATELY, SHOULe BE BAGGED AND PROTECTED FROH SURROUNDING RMG 
WORK AREA. KARK THE OUTSIOE OF THE BAGGING MATERIAL "READY So95T3 
FOR PACS". , 

, 

10. PERFORM THE PHOSPHORIC ACID ANQOIZED CONTAINMENT SYSTEM 
("PACS") PROCES S PER OOCUMENT 0658-10183-1 SECTION 5.2 AND 
SECTION 6.6.9.2. ALSO REFERENCE THB ATACS MODEL 0810 GUIDE, ,:·;G FE-23 
SECTION 3. 

c;S~13 

/ 

11. AFTER COMPLETION OF "PACS" PRQCESS ALLOW AREA TO AIR DRY NOT REQ'O 
USING HEAT LAMPS AS NECESSARY. RMG 

99513 

12. VISUALLY INSPECT THE ANODIZED AREA FOR A PURPLISH-GREEN COLOR 
(USING A POLARIZER IS RECOMMENDED (SEE 0658-10183-1, SECTION 
6.6.9.2». NO PITTING OR UNUSUAL COLOR PATTERNS ARE ALLOWED. 
NO VOIOS LARGER TRAN .5 sa. IN. WITHIN ETCHEO AREA ARE 
ALLOWEO. RMG \t-'l.~ 
IF ANY OISCREPANCIES ARE FOUNO REPEAT STEPS 3 THRU 7 UNTIL 99513 
SUCCESSFUL RESULTS ARE ATTAINED. 

13. ANODIZED ARBA RAS BEEN INSPECTED AND RAS PASSED AS DESCRleED 
R,\~G 

ABOVE. O.K. TO CONTINUE. 095 1:3 ff-23 

f.aEx ""'t65 (SH2) 3ł83 FEC Repogr~ Semen 
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'1 * INSTRUCTIONS CONT'D 
14. APPLY BR127 PRIMER ONE HOUR MAXIMUM AFTER PART HAS DRIED. 

APPLY A THIN COAT OF PRIMER (.0001" 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 MORE THERMOCOUPLES AROUND THE PRIKER 
PERIPHERY WHEN USING PORTABLE HEATING DEVICES. STATION THE 
THERMOCOUPLES AT THE WIDEST POSSIBLE SAMPLING DISPERSION 
AROUND THE UNCURED PRIMER. REF. MD-11 SRM, VOL.11, 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 OR BLISTER THE PRIMER WHEN 
USING HEAT GUNS. DO NOT EXCEED 220 DEGREES F AT THE 
SURFACE. DO NOT TOUCH PRIMER SURFACE. 

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 OF KRAFT PAPER, 
PVA, NYLON, TEFLON, ETC., OVER THE AREA. 

16. REMOVE THE PREIMPREGNATED BORON/EPOXY TAPE FROM THE FREEZER. 
ALLOW THE PREPREG TO THAW AT ROOM TEMPERATURE NOT TO EXCEED 
100 DEGREES F UNTIL ALL CONDENSATION HAS EVAPORATED FROM THE 
EXTERIOR OF THE SEALED BAG. 

DO NOT UNSEAL THE BAG UNTIL CONDENSATION HAS 
COMPLETELY EVAPORATED, 

17. FREEZER OUT TIMES SHALL BE RECORDED FOR ALL TIME AND 
TEMPERATURE SENSITIVE MATERIAL AND NOTED ON THE ROLL CONDITION 
LOG. a BORON/EPOXY MANUFACTURER GUARANTEES 10.5 DAYS OUT-TIME 
AT 70 DEGREES F. MATERIAL OUT TIME IS REDUCED ABOVE 80 

18. REMOVE THE FM73 OR AF163-2 FILM ADHESIVE FROM THE FREEZER. 
A L L O W  THE ADHESIVE TO THAW AT ROOM TEMPERATURE NOT TO EXCEED 
100 DEGREES F UNTIL ALL CONDENSATION HAS EVAPORATED FROM THE 
EXTERIOR OF THE SEALED BAG. 

CAIfiIdHZ DO NOT UNSEAL THE BAG UNTIL CONDENSATION HAS 
COMPLETELY EVAPOTATED. 

19. VERIFY THE DIRECTION OF THE PLY LAY-Up AS SHOWN IN FIG. 2. 
NOTE THAT THE "0" DIRECTION WILL BE APPLIED IN THE HOOP 
DIRECTION (RUNNING CIRCUMFRENCIALLY) . 

MECHANIC 

khlc, 
98613 

RMG 
99513 

RUG 
99513 

RII/INSP. 
NOT REQ'D 

~ 

NOT REQ'D 

NOT REQ'D 

NOT REQfD 

4 

rE-23 

J 
r'r 
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, 

r IN5TRUCTIQN5 CQNT'D MECHANIC RII/INSP. 
14. APPLY BR127 PRIMER ONE HCUR MAXlMUM AFTER PART RAS DRIED. NOT REQ'O 

APPLY A THIN COAT OF PRIMER (.0001" TO .0003" (.1 TO .3 MIL») • 
CURE THE PRlHER USING ONE OF THE FQLLOWING ME~HODS: 

L CURE PRIMER AT 250 DEGREES F +/- 10 DEGREES F FOR 60-70 
MIN. PLACE TWO OR HORE THERMOCOUPLES AROUND THE PRIMER 
PERIPHERY WHEN USING PORTABLE HEATING DEVICES. STATION THE 
THERMOCOUPLES AT THE WIOEST POSSIBLE SAHPLING DISPERSlON kto."" 
AROUND THE UNCURED PRIMER. REF. HO-lI SRM, VOL. II, CH. 99ól~ 
51-62-01, FIG. 18 FOR BAGGING. 

2. AIR ORY THE fRIMER AT AHBIEHT CONDITIONS UNTIL ALL SOLVENT 
KAS FLASHED OFF. DRYING TYPICALLY TAKES 30 MIN. AT 70 
DEGREES F. THE CURE MAY BE ACCELERATED BY THE USE OF HAND-
HELD BEAT GUNS. DO NOT BOIL OR BLISTER THE PRIMER WHEN 
USING BEAT GUNS. 00 NOT EXCEED 220 OEGREES F AT THE 
SURFACE. DO NOT TOUCH PRIMER SURFACE. 

15. IF BONDING WILL NOT BE PERFORMED IMMEDIATELY, PROTECT ALL , NOT REQ'D 
PRIMED BOND SURFACES FROM CONTAMINATION BY APPLYING A 
NONCONTAHINATING COVER OVER THE AREA UNTIL REAOY FOR BONDING. 
PROTECTION CAN BE PROVIOEO BY TAPING A SHEET OF KRAFT PAPER, Rt,'.G 
PVA, NYLON, TEFLON, ETC., OVER THE AREA. S9.fj~~ 

~6. REMOVE THE PREIHPREGNATED BORON/EPOXY TAPE FROH THE FREEZER. NOT REQ'D 
ALLOW THE PREPREG TO TRAW AT ROOH TEHPERATURE NOT TO EXCEEO 
100 DEGREES F UNTIL ALL CONDENSATION HAS EVAPORATED FROH THE 
EXTERIOR OF THE SEALED BAG. 

'O , -. . 
~lCli' DO NOT UNSEAL THE BAG UNTIL CONDENSATION HAS " 

COMPLETELY EVAPORATEO. 

17. FREEZER OUT TIMES SHALL BE RECORDED FOR ALL TlME AND 
TEHPERATURE SENSITlVE MATERIAL AND NOTED ON THE ROLL CONDITION 
LOG. RMG ft,u "".,.,. . BORON/EPOXY MANUFACTURER GUARANTEES 10.5 DAYS OUT-TlME 9951~ 
AT 70 DEGREES F. MATERIAL OUT TIME IS REDUCED ABOVE BO 
DEGREES F. o~7 o6:JO 'T11J.!/91L 

18. REMOVE THE FM73 OR AF163-2 FILM ADHESIVE FROM THE FREEZER. NOT REQ'D 
ALLOW THE AOHESlVE TO TRAW AT ROOM TEMPERATURE NOT TO EXCEED 
100 DEGREES F UNTIL ALL CONDENSATION RAS EVAPORATED FROH THE 
EXTERIOR OF THE SEALEO BAG. 

R~G • 
CłtrUQlI: DO NOT UNSEAL THE BAG UNTIL CONDENSATION RAS 99513 
CQMPLETELY EVAPOTATEO. 

19. VERIFY THE OIRECTION OF THE PLY LAY-UP AS SHOWN IN FIG. 2. 

I NOTE TRAT THE "O" DIRECTION WILL BE APPLIEO IN THE HOOP , . .E·23 OIRECTION (RUNNING CIRCUMFRENCIALLY) . 
. ~ 

,. ,'C ::; 

I • . • f 
.... AF15485 

FedEx ","165 (SH2) :w3 FEC ~ s..w.. 
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- 
INSTRUCTIONS CONT'D MECHANIC '1 - 

20. PLY LAY-UP IS SIMILAR TO THAT SHOWN IN FIG. 2. 
RMG 

99513 
O.K. TO CONTINUE. 

ENGINEERING AUTHORIZATION PAGE 5 OF 8 

22. CARRY THE NECESSARY WOUNT OF FILM ADHESIVE AND BORON 
DOUBLERS TO THE A/C COVERED IN NONCONTAMINATING PAPER. 

23. APPLY THE ADHESIVE TO THE BONDING SURFACE. REMOVE THE BOTTOM 
PEEL PLY FROM 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 DOUBLER. 

- 4 .  VACUUM BAG THE DOUBLERS PER MD-11 SRM, VOL.11, CH. 51-62-01, 
SECTION J. ENSURE THAT A MIN. OF THREE THERMOCOUPLES EXIST 

.-- FOR EACH DOUBLER TO VERIFY TEMPERATURE OF CURE PROCESS. 
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. 

~~ 

~ . . ^  
> .  - . .  

- - - . -  
2:: , A  

! 

nhlG 
99513 

RMC; 
C Y 5 i 3  

- ,. 
*.. 

j 

21. CUT THE FILM ADHESIVE (GRADE lo) 1 PLY FOR EACH BOND FAYING 
SURFACE. DO NOT FOLD OR STRETCH THE ADHESIVE FILM. ONE 
ADDITIONAL PLY OF ADHESIVE MAY BE DESIRABLE FOR USE ON AREAS 
WITH SURPACE IRREGULARITIES. CUT ADHESIVE TO THE SHAPE OF THE 
DOUBLER SUCH THAT IT OVERLAPS THE EDGE OF THE DOUBLER BY 
APPROXIMATELY ONE EIGHTH INCH (1/8"). 

27. AFTER REMOVAL CHECK FOR EXTERNAL FLAWS. ADHESIVE SHALL BE 
CONTINUOUS AROUND THE PERIPHERY OF THE DOUBLER. THE SURFACE 
OF THE BORON EPOXY DOUBLER SHALL BE FREE FROM BLISTERS AND 
PITS. 

28. PERFORM ULTRASONIC INSPECTIONS ON THE BORON 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 2 l a w ~ z  
DIMENSIONAL DIRECTION. /q?C/y@9 

FILM ADHESIVE SHALL BE CUT IN AN AREA FREE FROM 
CONTAMINATES. CLEAN, NONCONTAMINATING GLOVES SHALL BE WORN 
DURING ALL CUTTING AND HANDLING OPERATIONS. 

RbiG 
99513 

NOT REQ'D 

-f 

&-. IDENTIFY AND PLOT ANY ANAMOLIES FOUND PER APPROPRIATE 
PROCEDURES. 

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. 

I pfE-16 
NOT REQ'D 

i 

RMG 
99513 

RI I / INSP . 

NOT REQ'D 

NOT REQ'D 

NOT REQ'D 

NOT REQ'D 

NOT REQ'D 

NOT REQ'D 

E46 

~. 5320-Mll-220S8 

ENGINEERING AUTHORIZATION PAGE S OF 8 

" . INSTRUCTIONS CONT'D MECHANIC RII/INSP. 
20. PLY LAY-UP 15 SIMlLAR TO TRAT SHOWN IN FIG. 2. 

i~"'j) O.K. TO CONTINUE. RMG . 99513 

21. CUT THE FILM ADHESlVE (GRAnE 10) 1 PLY FOR EACH BOND FAYING HO~ UQ'D 
SURFACE. DO NOT FOLO OR STRETCH THE ADHESlVE FILM. ONE 
ADCITIONAL PLY OF ADHESlVE MAY BE DESlRABLE FOR USE ON AREAS 
WITR SURFACE IRREGULARITIES. OUT ADHESlVE TO THE SRAPE OF THE 
DOUBLER SUCH TRAT IT OYERLAPS THE EDGE OF THE DOUBLER BY 
APPROXIMATELY ONE EIGHTą INeH (l/S") . 

CAm'ION' FILM ADHESlVE SHALL BE CUT IN AN AREA FREE FRQM 
R .. ··.:; 
99~13 

CONTAMINATES. CLEAN, NONCQNTAMINATING GLOYES SMALL BE WORN 
DURING ALL CUTTING AND HANDLING QPERATIQNS. 

22. CARRY THE NECESSARY ~OUNT OF FILM ADHESlVE AND BORON HOT REQ'D 
DOUBLERS TO THE A/C 

... -
COVERED IN NONCONTAHINATING PAPER. .. , " 

,=.:~,,J 

23. APPLY THE ADHESlVE TO THE BONDING SURFACE. REMOVE THE BOTTOM HOT REQ'D 
PEEL PLY FROM THE BORON DOUBLER AND POSITION THE DOUBLER, , 
LARGEST PLY ON THE BOT TOM, OVER THE ADHESIVE AS SHOWN IN FIG. ,.,MG 
2. APPLY ONE PLY OF PEEL PLY OVER THE ENTlRE TOP SURFACE OF 99513 
THE DOUBLER. 

-. . VACUUM BAG THE DOUBLERS PER MO-ll SRM, VOL. II, CH. 51-62-01, NOT REQ'O 
SECTION J. ENSURE TRAT A MIN. OF THREE THERMOCOUPLES EXIST 

. FOR EACH DOUBLER TO VERIFY TEHPERATURE OF CURE PROCESS . RMG 
S::'5i3 

25. CURE THE DOUBLERS AT 250 DEGREES F, +/- 10 DEGREES F, AT 15 HO~ REO'D 
+/- 2 IN. HG. FOR 90 HINUTES. RAMP FROM AMBIENT TO CURE - .. 

, . 
TEMPERATURE AT 4-6 DEGREES PER MINUTE HEAT-UP RATE. .:; ~~ 3 

26. RAMP DOWN AT 4 6 DEGREES F PER MINUTE MAXlMUM FROM CURE NOT REQ'D 
TEMPERATURE TO LESS TRAN 140 DEGREES F UNDER FULL PRESSURE 
BEFORE RELIEVING PRESSURE AND REMOVING BAGGING MATERIAL. RMG 

9951;3 

27. AFTER REHOVAL CHECK FOR EXTERNAL FLAWS. AOHESIVE SHALL BE 
CONTlNUOUS AROUND THE PERIPHERY OF THE DOUBLER. THE SURFACE 
OF THE BORON EPOXY DOUBLER SMALL BE FREE FROM BLISTERS AND R~IIG fE'l6 
PITS. 99513 

28. PERFORM ULTRASONIC INSPECTIONS ON THE BORON DOUBLERS. HO~ RJ:Q'D 
VOIDS OR DEBONDS IN THE BOND LINE AS DETECTED BY ULTRASONIC 

HETHOOS SHALL NOT EXCEED REQUIREHENTS SET FORTH: 

L VOIDS AND OISBONDS SHALL NOT EXCEEO .25" IN ANY 21o"'&;,.,zfl 
fE.16 

DLMENSIONAL OIRECTION. 1 ...... C/~t·13 !!--, 

2. VOIOS AND OISBONOS SHALL NOT EXCEED 2 IN ANY DOUBLER AND 
BE SEPARATED BY 3 IN. MINIMUM. 

"_. IDENTIFY AND PLOT ANY ANAMOLIES FOUNO PER APPROPRIATE HOT 
REQ' ;l'IfEo16 PROCEOURES • 

AF15486 
Fed& ",,"165 (SH2) $'13 FEC ~~ s.rw:.. 

-~ 



EA# 5 32 0 -M11-2 2 0 5 8 

- 1 -  INSTRUCTIONS CONT'D 
30. PREPARE THE SURFACE FOR PRIMING AND PAINTING BY MASKING THE 

DOUBLER AREA TO ESTABLISH A PERIPHERAL WORKING AREA AROUND THE 
DOUBLER. 

31. SOLVENT CLEAN WITH 1'1'1 TRICHLOROETHANE OR EQUIVALENT, USING 
A CLEAN LINT-FREE CLOTH. WIPE THE SOLVENT DRY. DO NOT ALLOW 
IT TO EVAPORATE. 

ENGINEERING AUTHORIZATION PAGE 6 OF 8 

MECHANIC RII/INSP. 
NOT REQ'D 

.1914i, MDC 

NOT REQ'D 
:.IDc 
191428 

NOT REQ'D 32. APPLY ANY OF THE IMPACT RESISTANT PRIMERS SPECIFIED IN DMS 
2144. - 

NOT REQ'D 33.  USE ANY OF THE TOP COAT IMPACT RESISTANT PAINTS SPECIFIED IN 
MOO 

191429 DMS 2143. 

aAł 5320 Ml1-22058 

ENGINEERING AUTHORIZATION PAGE 6 OF 8 

-
INSTRUCTIONS CONT'O MECHAIUC RII/INSP. 

30. PREPARE THE SURFACE FOR PRIMING AND PAINTING BY MASKING THE 
_,.MOC NO. DQ'D 

DOUBLER AREA TO ESTABLISH A PERIPHERAL WORKING AREA AROUND THE 
1914(" 

DOUBLER. . 
3I. SOLVENT CLEAN WITH 1,1,1 TRICHLOROE'l'HANE OR EQUIVALEN'l' , USING NO' REQ'D 

A CLEAN LINT-FREE CLOTH. WIPE THE 50LVEN'l' DRY. DO NOT ALLOW 
",iDe 

IT TO EVAPORATE. 1~1429 

32. APPLY ANY OF THE IMPACT RESISTAN'l' PRlMERS SPECIFlEO IN DKS NO. REQ'D 
214.4. 1;jii~~ 

33. USE ANY OF THE 'lOP COAT IHPACT RESIS'l'AN'l' PAINTS SPECIFIED IN 
MOC NO' REQ'D 

DKS 2143. 191429 

AF15487 

"-1 

~ ..... ,85 (SH2) H3 FEC Rt~ s.-a 



EA# 5320-M11-22058 

ENGINEERING AUTHORIZATION PAGE 7 Of 8 

i, 
i 

L c, 4 i  
I -), I -  

. -  I 

FdEx M-165 (Sm) 383 FEC Reprographru Smcer  6: 

~. 5320 Mll-220S9 

,. 

ENGINEERING AUTHORIZATION PAGE 7 OF 

FuS· Co III="~ 

~ -- .. -.-.-----t--.....----._ 
'. 

, -
".. , 

• 
I 
( 
, , , 
I 

-0-~ 
I--+-t' 'I------t---~ \' - - ' 

• 
r--

, 

, , 

L~~\" 

L", 2l 

"" ~~ 

.....:(. ;:.<;. 

,--, '< , 

L-"':~ 4. 

L --< " 
--, .:..: 

!... .:.~ " 
OL 

'_..:.t, ., 
• , 

i 
.... .:~ .-

, 
I.--~ ,; 

, I _~,:_-'-++-J I _ 
-'--F\---=--- - '7 I 

~o.. ...... , 
I 

1--+--------+---- I....:~ ~~ 

l~ ____ . I~ 
/ -----1" j "-- ~~ 

5."71-
.'S 

FedEx ~16S (SH2) 3ł83 FEC Reprograp/'llC$ ~s 

8 

AF1 5498 

,/ 
r 

!! ;' 



E A #  5320-M11-22058 

PAGE 8 OF a ENGINEERING AUTHORIZATION 

* 

i" 
P 

c 

._ .... _-_ ... -~ 

EA. 5320-Mll-;'2058 

ENGINEERING AUTHORIZATION PAGE a CF e 

,. 

Top Vitw 

Ł 

(.<;1.><'".... .,.., """. 
c...Jt..t4"'lV<=-L ~ "ol ~: ..... ,. .. , ...... 

. 

PJ)'DnIP"or( .. 
lO I(iJlh.Ply 

folOT!.: CO~(f rb- "'r 
Sb(lwn III Thb' , . 
('tt:Ii'~ ..... , 

.......... 1;>0.,,; .... ... 
<'\--= ~ ,..., .... "J 

r 1 rT f ! "! j 

p .. 
ł . 

I 
I . I 
I I 

I~ I 
l I , 

1l~lC.Crl'" , .... 
: 'j 

• - , 
I..sb. ~ 

• , 
I ó", 

"'l'4~"! 
I I 

-
-.L , 
± _I 
...L 

±J 
+ • 

ł O'" b.r"'''..:.. ..... 
,!:, :......, ~ 

..... ~~ C! rt".:I.;C>4 

• 



Ax: TYPE w o w < c c d D ~  I REVDATE PAGE ' 1 57C1214 1 05/03/94 I 2 1 2  I MD 2 2 1 RIGKT WING X;3 WINGLET - STRUCTURAL INSPECT 

L- A GENERAL VISUAL INSPECTI3N IS A VISUAL EXAMINATION TKAT WILL DETECT OBVIOUS 
LR\ISATISFACTORY cONDITIONS/DISCREPANCIES, SUCH AS CHAFING OF TUBING, LOOSE DUCT SUPPORT, 
WIRING DAMAGE, CABLE AND PULLEY m, FLUID LEAKS, INADEQUATE DRAINAGE AND FOR OTHER 
CONDITIONS WICH COULD LEAD TO CORROSION/DAMAGE. 
INS?ECTIONS WILL BE CONDUCTED WITHIN TOUCHING DISTANCE UNLESS OTHERWISE STATED. 

WHENEVER PHYSICALLY POSSIBLE, 

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 

N Q E :  

2 .  RIGHT 

A. 

3 .  RIGHT 

A. 

B. 
L 

C. 

14. APPLY 

AREA TO BE INSPECTED; AREA SHOULD BE FREE OF DIRT, OIL AND FLUID SPILLS. 

REMOVAL OF CORROSION INHIBITING COMPOUND IS REQUIRED ONLY IF INDICATION OF 
DETERIORATION EXISTS OR VISIBILITY OF SURFACE IS IMPAIRED. 

WINGLET - GENEXAL VISUAL INSPECTION: 
DO A GENE= VISUAL INSPECTION FOR ACCIDENTAL DAMAGE AND ENVIROMENTAL DAMAGE 
OF THE UPPER WINGLET AND LOWER WINGLET ATTACH FITTINGS AND BOLTS THRU ACCESS 
PANEL OPENINGS. 

I 

WING AND WINGLET - DETAILED INSPECTION: 
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). 
DO A DETAILED VISUAL INSPECTION FOR ACCIDENTAL DAMAGE AND ENVIROMENTAI, 
DAMAGE OF THE COMPOSITE OUTBOARD FLAP iND FLAP VANE STRUC'PURE HINGE AND 
FITTING ATTACH POINTS AND SURROUNDING STRUCTURE, WITH FLAPS EXTENDED 
(REF. SSI PHOTO 57.57.02 FIGURE PAGES 2 AND 3 ) .  
DO A DETAILED VISUAL INSPECTION FOR ACCIDENTAL DAMAGE AND ENVIROMENTAL DAMAGE 
OF THE COMPOSITE OUTBOARD AILERON ATTAC"T FITTINGS AND SURROUNDING 
STRUCTURE (REF. SSI PHOTO 57.63.02 FIGURE PAGES 4 AND 5). 

CORROSION INHIBITING COMPOUND AS NECESSARY. 

I- 

.- . .  -. 

- 
A F  1 i! 0 8 1 

.~. 

-._.~_ .. ~~ 

A/CTVPE 

05i03/94 2/,2 

]i, G:5:NERAL VISUAL INSPlcr:::;N 15 A VlSUAL EXAMINAT:::ON tp.AT WIt:.. DETEC1' OSVIOUS 
unSAT~SFAc.ORY CONDITIONS/DISCREPANCIES, SUCH AS CP~IKG or TUBING, LOOSE DueT SUPPORT, 
WIRINC Oh~GE, CAaLE AND PUL~fY WEAR, FLUtD LEJL~$, lNADEQUATE DRAlNAGE A.~ FOR CTHER 
CONDITIONS WH!~H COULD :"EAD TO CORROSION/DAMAOE. WHENtvER PHYSlCALLY POSS!ELE. 
INS?EC7IONS WILL BE CONPUCTED WITHIN TOUCH!NG D!STANCE L~ESS OTHERWISE STATED. 

A DETAlLED !)lSPEC1'rON IS AN IN'TENS:tVE VlSt.1AL EXAMlNA"!':ON or A SPEcrFIED DETAlL, ASSEM:9LY. 
aR INSTAL:..ATION. 1'1' SĘAACHES FOR EVIDENCE Of' IRREWLARITY USINe; ADEQUATE LIGH':'lNG ANO. 
WHERE NECES$ARY, INSPECT!ON AIDS SOCH AS MlAAORS. HAND LENS, ETC, SURFACE C1.EJ\.NING AND 
ELABQRAT~ ACCESS PROCEDURES MAY BE REQVlRED. 

2, 

CLEAN AREA TO BE InSPEC'l'ED; AREA SHOULD BE FREE Ot'" orRT, OIL ANO FLU:::O S'PILL.S. 

tłQItJ REMOVAL Or CORROSION INHIBITINC COMPOUND IS REQUIRED ÓNLY IF INDICATION o: 
DETERIORATlON EXISTS OR VIS!BILITY 01 SURFACE IS IMPAIRED. 

RIGHT W!NGLET - GENE~ vrSUAL INSPECT!ON, 

A. DO A GENERA!. \t!SOAL INSPECTION FOR ACCIDE:NTAt. DAMAGE AND ENVIROMENTAL. OAMAGE 
01 rHE UPPER w:NGLET AND LOWER WINGLET ATTACH tlTTINGS AND BCLTS THRU ACCES$ 
?A.ł.."E:" OPENINGS. 

3. RICHT WING Ah~ W!NG~ET - DETAILED INSPECT!ON~ 

A. 

E. 

DO A DETAI~ED ;NSPECT:ON FOR ACCIDENTAL DAMAGE or THE LOWER WINGLET. TRAILING 
EVGE. AND UPPER WINGLET TIP (REF. ss~ PHOTO 57.31.01 FIGUR!: PAGE l). 
DO A DETAILED V!SUAL INSPECTION FOR ACCIDENTAL DAKAGE AND ENVIROMENTAI. 
DAMAGE or THE CVMPóSI":"E OOTS'.>AAD FUP 1.ND FLAP VANE STROC':t.'IU: HINO:E. ANO 
FI~!NG A'M'ACH POIN'l'S AND SURROtJND;NG s'l'1\UC':'UtlE. WI'l'H FLAPS 'Ex:n.:Ni,)'EC 
(REF. SSI PHOTO 57.57.02 FtGORE PAGES 2 AND 31. 
DO A DĘTAILE~ V!SUA~ INSPECTION FOR ACCIDENTAL DAMAGE AND ENVIROMENT~ DAMAGE 
OF THE COMPOS:TĘ OUTBOARD AILERON AT~ACHMENT FITTrNGS AND SORRO~~!NG 
STRUCTUPE (RE:. SS! PHOTO 57.63.02 FIG~~ PAGES 4 AND S). 

14. APP:Y CORROSION :NHIB:TING COMPOVND AS NECESSARY. 

. ; . 
'''~.~ 

• 

AF10081 
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- 
7' 

- 1  
I 6 1 0  - 660 157c12121 j 
I CARD NO PAGE TECHNICAL RECRENCES ZONES 

'-NO S?ECIAL TOOLS OR MATEXALS REQUI?.ED. 

A GENE?AL ViSYAL INSPECTION IS A VISUAL EXAMINATION THAT WILL DETECT OBVIOUS 
UNSATISFACTORY CONDITIONS/~ISCREPANCIES, SUCH AS CHAFING OF TUBING, LOOSE DUCT SUPPORT, 
WIRING DAMAGE, CABLE AND PULLEY WEAR, FLUID LEAKS, INADEQUATE DRAINAGE AND FOR OTHE3 

INSPECTIONS WILL BE CONDUCTED WITHIN TOUCHING DISTANCE UNLESS OTHERWISE STATED. 
CONDITIONS WICH COULD LEAD TO CORROSION/DAMAGE. WHENEVER PHYSICALLY POSSIBLE, 

I I I I I I 

1 ORIG 

REV. DATE TOTAl PGS. AEC TYPE CAAD NO. CHECKED BY ACCOMP BY 

1 FE-21 I 

E 2 1  I 

1 

1. RIGHT WING (EXTERNAL) - INSPECT 
2. INSPECTION DOORS - CHECK 

I 

. . .  . .  

~'------------------;I-------CO--:----'----__ I 610 - 660 !S7C1212i :./:: 
r TECHN!CAL REi=E;:;ENCES ZONES CARO NO "AGI: 

---NO S?EC!AL TOOLS OR MATERIALS REQU!?ED. 

I 
I 

A GENE?~L V~3UAL INSPECTION I5 A V!5UAL EXAMINATION THA! WILL DETEC~ 08V!OUS 
UNSATISFACTORY COND!T:ONS/~ISCREPANCIES. SUCH AS CHAFING OF TUBING, LaOSE ~UCT SU??ORT, 
WIRING DAMAGE, CAELE AND PULLEY WEAR. FLUID LEAKS, INADEQUATE ORAINAGE AND FOR OTHER 
CONOITIONS WHICH COULD LEAD TO CoRROSION/DAMAGE. WHENEVER PHYSICALLY POSS!3LE. 
INS?EC~IONS WILL BE CONDUCTED wrTHIN TOUCHING Dl STANCE UNLESS OTHERWISE STATEO. 

ORIG 2 llfllQ)=~~ U 17 1995 57C1212 
CHECKEOBY ACCOMPBY REV.OATE TOTALPG$. ""TYPE DATEACCOMP CAAONO. 

FE-2l I I xx.xxxxxxxx 1- RIGHT WING (EXTERNAL) - INSPECT 

FE-21 'I xxxxxxxxxx 2. INSPECTION DOORS - CHECK , 

I 
I I 
I I AF "~(\07E 

I I 
I I 101110011111111110 

,1C1212 

I 
WORK OMO TTTLS AlRCRAFTNO. 

~O~ Sig" on'. 
RIGHT WING {EXTERNAL l - CHECK Complete I'IS:1FE 



._ 

1. A GSNZ-L VfStrAL INSPECTION OF T E E  RIGHT WING AND PYLON FROM THE GROW. PAY 
PARTICUL- A T T M T I O N  TO THE FOLLOWIN'S ITEMS. 
A .  PYLON PANELS, S K I N .  
8 .  DRAIN MASTS. 

C .  S T A T I C  D I S C W G E S .  
T R A I L I N G  EDGE CAVATl 

( W I T H  FLAPS AND SLATS EXTZNDED).  - 
E. CONTROL SURFACES AND POWER CONT~OL UNITS FOR' OBVIOUS LEAKAGE. 
F .  FUEL J 'ZTTISON NOZZLE FOR LEAKAGE. 
G .  GROiTND R E X E L I N G  PANEL PLACARD FOR CONDITION AND L E G I B I L I T Y .  

2 .  WING HINGEDILATCHED SERVICE I N S P E C T I O N  DOORS. 
A .  MAKE SURE DOORS LATCH AND UNLATCH CORRECTLY. 

. 

CARONQ 

212 

1. DO A G!NERAL VISOAL :;::XSi?!C'!'ION O? Tt€';: E!GHT WINO A.."U.1 PYLON FROM 'TM:: C.ROUlID. PAY 
PAR7ICULAR A~~ION TO 1HZ FOLLOWIN~ :TEMS. 
~. PYLON PANELS. SKIN. 
a, CAAIN MAS':'S. 
C. WING SKIN/PA."n:LS LEA.DING A.N:l ':'PJ.:i.lNG EDGES. j;'I~~~ STATte DISCAARces, 
c. r..EADING AND TRAILING EOGE fLAl?S/St...A'I'S/Sl'OILERS r~:NG '::'R.AILING EOGE: CAVA'r: 

{WITH F:.APS AND St.ATS EXTENOw; . ~ ~ -
E. coNtROL SURFACES AND PCWER CONTROL v~ITS FOR OBV!O~S LEAKAGE. 
f. FUE:L J'E.TTISON NOZZLi rOR LEAKAGE:. 
G. GROUND RE?U!tING PANEL ?LACARD ?OR C~~rT;ON AND hEGIBILITY. 

2. WING HINGED/LATCHED SERVICE INSPECTION OOORS. 
A. MAKE strRE OOORS LA'I'CH AND tmt...ATCH COJtRECTLY. 

AF1(1079 
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fcd5TI. 
Federal Express 

NO. 

7. FUNCTlON,I,L 
TUT AEQUIRED 

.... 
, ~~'. 
~ 

SPECJAl OR NONROUTINE 
MAJNTENANCE FORM 

10. MAJOR 
AlTERAnON 

12. ACCESS 
PAHELS 13. PART NO. REQUIAEO 
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PRINT CLEARLY. USE BLACK INK, BALLPOINT PEN ONLY. NO. I 

5 EMPLOYEE NOJCERT NO 4 WEN DISCOVERED! 3 GENERATING ITEM 1 ACFT NUMBERSERIAL NO 2. DATE 
*h* f  A -  a- 4 2 . E  

E-dEi  M-1BOS &32 LOGOS#135512 

. .. 

-_ ..... ~~~ 
" ----

SPECJAL OR NONROUTINE MAINTENANel:. FORM 
PRINT CLEARLY. USE BLACK INK. BALLPOINT PEN ONLY. NO. I..S OD / 
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FEDERAL EXPRESS CORPORATION 
Alrcmft Structure8 Englnewlng 
3101 Tchulahorna 
Memphlb, TN 38118 

i, . 
FAX TRANSMITTAL SHEET 

Date: JANUARY 4, 1994 

Name: Mark Yerser Company: DOUGLAS 

(901) 369-2654 Name: - STEVE YOUNG 

(901) 360-9551 Phone: (310) 593-9312 

Phone: 

Fax Phone: 

4 Paae(s) 
including transmittal sheet 

MESSAGE: 

Fax Phone: 

OUR MD-11 N611FE, FUS.  NO. 553, WAS INVOLVED I N  A HARD LANDING INCIDENT 

ON 1/4/94. AIRCRAFT HAD 952 HOURS AND 236 CYCLES AT THE TIME OF THE 

i_ EVENT. A HARD LAKDING INSPECTION HAS BEE:J CONDUCTED. 

KEY INFORMATION: 

1. AIRCRAFT LANDING WEIGHT: 427,200 LBS 
AIRCRAFT C.G.  34.4 
MAX VERT ACCEL + 2 . 8 5 G  
MAX-LAT ACCEL -0.45G 

2 .  

A HARD LANDING INSPECTION HAS BEEN CONDUCTED I N  IAW WITH MD-11 MM 05-51- 
03. THE FOLLOWING WERE NOTED: 

1. MILD TO MODERATE BUCKLING OF THE EXTERNAL S K I N  AND STRINGERS FROM 
LONGERON 36 TO LONGERON 48, STATION 595 BULKHEAD TO APPROX. STA: 
625, LEFT. AND RIGHT S I D E S .  SEE ATTACPZD SKETCH (ATCH 1). MAXIMDM 
DEPTH APPROX. 0.10 INCH AT THE LOWEST BUCKLE ON THE L/H S I D E .  ALL 
DEFORMATIONS ARE SMOOTH WITH NO CREASES. SUSPECT AREAS WERE 
V E R I F I E D  TO BE CRACK-FREE V I A  EDDY CURRENT SURFACE PROBE. SKIN 
AND STRINGERS WERE ALSO VISUALLY INSPECTED FROM THE I N S I D E .  NO 
DEFECTS NOTED. 

PER DOUGLAS RECOMMENDATION, THE BULKHEAD AT STA. 595 WAS INSPECTED 
FOR DAMAGE. THE LOWER TEE CAP W A S  INSPECTED V I A  EDDY CURRENT 
SURFACE PROBE. A VISUAL INSPECTION OF THE FORWARD AND AFT FACE OF 
THE BULKHEAD FROM LONGERON 36 LEFT TO 36 RIGHT W A S  CONDUCTED TO -- &F154% 

I 

~EDER~L EXPRESS CORPORATION 
Alrcratl StnoClU.e. Engln ... lng 
3101 TChul.hom. 
Memphls, TN 38118 

fĄ 53>o-,.,q\-1..1n'1 
.ft--~vF-r 

' .. 
FAX TRANSMllTAL SHEET 

Dlte: JANUARY 4, 1994 

EROM: 

Name: 

Phone: 

Fax Phone: 

Mark Yerger 

(901) 369-2654 

(901) 360-9551 

4 Paga(s) 
Including transmłltal sheet 

MESSAGE: I 

El: 

Company: DOUGLAS 

Name: STEVE YOUNG 

Phone: PlO) 593-9312 

Fax Phone: 

aUR MO-11 N611FE, FUS. NO. 553, WAS INVOLVED IN A HARD LANDING INCIDENT 

ON 1/4/94. AIRCRAFT HAD 952 HOURS AND 236 CYCLES AT THE TlME OF THE 

EVENT. A HARD LAND ING INSPEC'l'ION MAS BEE:J CQNDUC'l'ED. 

KEY INFORMATlON: 

2. 

AIRCRAFT LAND ING WEIGHT: 
AIRCRAFT C.G. 
MAX VERT ACCEL 
MAX' LAT ACCEL 

427,200 LBS 
34.4 
+2.85G 
-0.45G 

A HARO LAND ING INSPECTION RAS BEEN CONDUCTED IN lAW WITH MO-ll MM 05-51-
03. THE FOLLOWING WERE NOTED: 

l. 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 ATTACP~D SKETCH (ATCH l). 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 TRE 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 PROSE. A VISUAL INSPĘCTION OF THE FORWARD AND AFT FACE OF 
THE BULKHEAD FROM LONGERON 36 LEFT TO 36 RIGHT wAS CONDUCTED TO 

~ 

- AF1549::. 



FAX 1'O.OOUGLAS ON MO-U 553 
1/5/94 

G:Ą7)30 -.A1II~trz.!.l.j 

.Ylr-~opr 

PAG!: 2 

" CHECK FOR CRACKS, LOOSE eR Ol\Ml\GEO FASTENERS, Ol'. DEFORMATlON. NO 
OEFECTS NER!: NOTEO. 

PER DOOGLAS RECOMHENDATION, THE NOSIl WHEEL WELL SIDE BOLKHEAIlS 
WERE VISOALLY INSPECTEO FROM WHEEL WELL SIDE ONLY TO CSBCK FOR 
CRACKS, LOOSE Ol'. OAMAGED FASTENEAS, Ol'. DEFORMATlON • NO DE:Fl:CTS 
WERE NOTEO. 

2. DOIllNG l?YLON lNSPECTlON OF NO. l ENGlNE, CRACK:tNG OF THE PAlN'l' AND 
SEALAN'l' AROOND 'EHE AFT PYLON ATTAClI FITTING liI\S NOTEO AS SIIOW ON 
ATTACH>!ENT 2. NO OEFORMATION Ol'. OAMAGE WAS NOTEO ON THE FI'l'TINGS 
Ol'. ATTACIIING HARDWARE. 

NO OTHER OEFECTS HAVE BEEN NOTEO. THE AIRCRAFT WILL ONDERGO FURTHER 
EVALOATION DOR ING A "B" CHECK TO BEGIN TODAY • 

• 

BASED ON TUE ABOVE AND DISCUSSIONS HELO WITE DOUGLAS PERSONNEL, FEPEX 
RECOMMENDS THE FOLLOWING: 

1. COMl'LETE THE "B" CHECK ON THE AIRCRAFT AND ENSURE NO ÓTHER DEFECTS 
ARE FOUND. 

2. OPERATE THE AIRCRAFT WITH THE BUCKLES "AS 15# 10 PE~lS0RM EXTERNAL 
VISUAL 1NSPECTION AT ł(SU CHECR INTERVALS TO ENSURE NO CAACKS, 
LOOS!: Ol'. MISSING FASTENERS, OR OTHER DAllAGE. 

3. WITUIN 60 DAYS, PROVIDE DOOGLAS ENGlNEERING AN OPPORTONIT~ TO 
INSPECT THE AIRCRAFT AT OUR LAX FACILITY FOR FURTHER DISPOSITION 
AND/Ol'. PERMANENT REPAIR INSTRUCTIONS. PERMANENT REPAIR (POSSIBLE 
SKIN SECT10N REPLACEMENT OR AN INTERNAL DOUBLER), IF REQUIRED, 
WOIJLD BE ACCOMPL1SHED AT TBE NEXT "e" CHECK, UNLESS F1JRTHER DAMAGE 
1S NOTED. 

PLEASE REV1EW AND PROVIDE CONCORRENCE Ol'. ALTERNAT!: PLAN. BECAUSE 
PERMANENT REPAIR WILL BE CLAS5IFIED AS "MAJOR", PLEASE PROVIDE FAA 
APPROVAL FOR T1US REPAIR PLAN. 

IF 'lOU HAVE ANY QUESTIONS, PLEASE CONTACT ME AT 'lOUR COlIVENIENCE. 

Regards, 

Mark Yerger 
Manager 
\ircraft Structures Enqineering 

" , 

J , 
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I 21299 l 'I li-___ --,--' • 
E.Ał 0550-Mll-21292 

AEU::ASE OATE l n {9 " 

ENGINEERING AUTHOFlIZATION PAGE l OF 

-'Y,_ 
orE.n;lnt No. ....... """"" 

-~ 
u,,"~ _____ _ 
.. - -
MI;."'" 
_No. ______ _ 

Ol..ASSlfllCA110N 
(Alt6tation. er 
repalrs Ot'Ity) 

ReYISIOH RECOAD: 

..,._---Moje, ...., .,.,. ---- _..:.--._- ---­
Eng, ---- ---- ----

I 
MU'· _____ --"'7--
""" ~OM~~=_~~r.~~~)- ------

RSFERdJtes: 
l. EA 5330-Hll-21224 

2, 

orSCRSPAN'CY! 

Subj~ct a~.eratt ~uf~cred a ha~~ landir.q upcn a~=ivel at ~ on 1/4/94. 
Initicl inapeotion revealed mild to moderate buckli~~ ot tr.. 5k~n and 
attaehi~ lonqerens frQm long.~on 36 to lortg.ron 48, left $nd r~qh~ sides, 
betw •• n sta Y5SS and Y'2S~ 

Dl$FOSI'rION: 

l. Conduct. hard landing in~peetion on the aircraft in accordance 
wi~b HD-11 Hain~nance "*n~.l 05-51-03, with tbe fol!o.inq 
ch.ngee: 

A. » ••• 6 on vi$ible damege aft ef the nQse 9_.r 
bU~ad at $ta. YS95, :ew~ve floor ena aid*wall 
l1ne. tro~ the lOW$r forward ~ar~o c0mp2r~nt to 
facilitate int*rnal viaual insp~~ion ot the 
Qam;aqed are •. 

,,\ ., 
, 

AF1482;;: 



€NG IN EERlNG AUTHO RlZATlON 

Il 
L 

b. Visually inspect the inner skin surface and the 
longerons in the damaged area for cracks and/or 
loose OE missing fasteners. G 

5 c. Eddy current inbpect the  loner bulkhead Tee cap at 
Y595, lonqeron 36 left to 36 right to veri fy  no 
Crack8 i n  radius. 

d. Visually inspect the  ~ 5 9 5  bulkhead and both nose 
landing gear sidewall bulkheads for cracks, 
deformation, and loose or d b s h g  fasteners. 

PAGE 2 OF 2 

I I 

e. It is not  necessary t o  drain and re-servict: t h e  
landing gear struts and check for metal-to-metal 
contact between the piston and cylinders. / 

V 

f. It i s  not necessary t o  remove the upper “boattai l”  
fairing to inspect the  upper surface of the  No. 2 
engine aft  engine mount structure. visually 
inspect the  attach bolts and P L I  washerb from t h e  
lower side for condition aad securi ty .  

I 

2 .  

4 

END 

Based on reports received by Engineeri2g from this inspection, the 
fol lowing findings were evaluated: 

a. The noted damage to the skin8 a f t  of t h e  nose gear bulkhead. 
No cracks o r  damaged fasteners were found in t h i s  area. 

b. h s e c t i o n  of paint was found damaged and the fillet seal 
separated a t  the N o .  1 engine pylon a f t  upper attach f i t t i n g  
on the wing side. 

If addit ional  damage or suspect areas are noted, contact Aircraft 
Structures Engineering p r i o r  t o  fur-her flight. The above noted 
findings a=e addressed in EA 5330-M11-21224. 

.. 

i . 

END 

• f '. ~. 0550 Mll-21229 

ENGINEEIUNG AUTHORIZATION PAGE 2 OF 2 

'~.łV15 »-. visually inspec~ the inner skin ~u~fac@ and the 
lcnqerons in eha d~qed area for era eks and/~r 
locse o. m.io::sing fastenere. 

c. Eddy eUrr.nt inspeet the ~c.er bulkhe~d Tae cap a< I~. Y595. lon~erQn 36 1eft to 36 riqhe to verify no 
~. cracka in radiua. 

d. V1aua1~y in_paet the YS95 bulkhead and both nosa 

~ landinq gear sidewall bulkheads ~or eracks, 
clefo:mation, and 1003e or miasiog f_steners. 

e. l't. 105 not necessary to 4rain and re-servie~ ehe 

/ landinq gear struts ~nd check tor rnetal-to-metal 
contact between the piston and cylinders. 

f. lt i3 not nece::ssary to r&rnove the upper "boattail" 

/ fairlnq to inspect the upper surface of the No. 2 
en,ine aft Qngine tnOW'lt et.ucture. V;L:S\la~ly 

, 
in:spect the ~~tach bolts and PLl waehe~~ from the 
lower eide fo~ eondition an4 eecurity. 

2. ea3ed on reports receive~ by Engineeri~q f:om this inspection, the 
followinq findinq~ were evaluated; 

a. 'l'he notcd damaqł! to ehe ~kine aft ot the nose gear bulkheac.. 

~. 

No craeks or damaqed fa~teners ware founa in this areB. 

A section ef paint was found damaqed and th@ fillet seal 
separated at t~e No. l enqine pylon a!t upper att ach fitting 
on the winq ~ide. 

I~ additional damaqe er suepeet areas are noted, 
Structu~ee EnqinQerinq prior to fu~her ~liqht. 
!indinqs ~:. add~essed in EA S330-~1-21224. 

contaet Airc~aft 
The above pot.ed 

AF 148:::· 
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,SPEClAL aR NONROUTINE MAINTENANCE FORM 

PRłNT CLEARL Y. USE BLACK INK, BALLPOINT PEN aNL Y. NO. t: o Ci 6 
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iiW . SPEClAl OR NONROUTINE MAINTENANCE FORM 
PAlNi CLEARLY. USE BLACK INK, BALLPOINi PEN ONLY. NO. 

- (3.. . ..;.0_---1 __ _ 
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SPEClAL OR NONROUTINE MAINTENANCE FORM 
PRINT ClEARl y, USE BLACK INK, BALLPOINT PEN ONLY. NO. I.. Ó t; '1--
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· SPEClAL OR NONROUTINE MAINTENANCE FORM 
PRINi ClEARl Y. USE BlACK INK, BAllPOINT PEN ONl Y. NO. 



SPEClAL OR NONROUTINE MAINTENANCE FORM 

PRłNTCLEARtV. USE BtACK JNK, BALLPOINT PEN ONLV. NO. / i.') ::, J 

h 

f 
I 

, 

'j 
f .j 

r 

r ; 
< 

• • 
l 
• 

< · , 

) 
~_.

-

/..----

I 

l 

i 
I 
i 
I 

! 

! 
I 

I 
! 

I 

I 

l 

I 
I 
! 
I . 
l , 

j 

j 

j 

j 



SPEClAL OR NONROUTINE MAINTENANCE FORM 
PRINTCLEARLY. USE BLACK INK, BALLPOINTPEN ONLY. NO. ;i:OC5c! 
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AEFEAENCSS: 
l. MC MSG Svc.LAX.QI57ISFY I 2. EA 533O·Ml1·21039 3. FUS 5S3 

4. E.A.5330·Mll·21224 5. OAC MSG SVC·MEM·01241SFY 6. EA 5320·1.111-22057 

7. WOC09229401 8. OAC MSG LAX-5VC·OI641SNM 

ThiS E.A.I. _.S a IoIlow up 10 EA 533I).Mll·21224, REV "Ą,' whlen covers ..,pe,Hive inspec!ions and S\Jb$equenl 
permanem repair 10 fuselage skin at C check in September 1994. Prior to commencement cf repair WCrk, additional 
inspections we.., perlormed per EA 5320·Mll·22057·and additional damage was łound In !he $TA 595 bulkhe'" are •. 
As requirod by OAC Msg SVC-M EM.()1241SFY, additioł1al damage was reparte<! 10 Ooug4as Aircra1l priori!) tu_r f1ight 
and F AA _IOV.' was obIained tor repair data described hereln. 

ATTENTION MOCC: FOllOW UP REQUIRED 

I This E.A. pn::wides ins1ructions for interim repair to ST A 595 bul<;head web doubłer at X-42, This E.A. ałso provides for 
naw repetiti •• inspectiorl requl,oment. 1hat supersede tbu .. In E.A.·s 5330·MI1-21 039 and 5330-/.111-21224. 

l . Intetim repai' 10 STĄ 595 _head woo doubler lo 10 be performed peq"IIl •• 2 •• ol this EA 

2. Re~itive visuaJ Inspections are to be performed at Intervals oot to exceed 150 Jandings per instructiOns on 
pag .. 5 • 7 ol this EA 

Permanent repśirto be ac:comptished no laterthan 1200 landings trom this date. 
Oetans ot permanem repair will be coordłnated by lA)( Englneenng with DAC over the next 90 days. Pel'1tlClnent 
,epalrwiP require major 'opalr to the $TĄ 595 bulkhead in addition ,o the previou$ly appmvod lu""lage skin $plice. lor 
both!he LH and RH sides per EA 5330·M11·21224. Pormanent repai, is .olimatad'o require approximately 4·6 
_ down llme. LAX Engineering wil supply prelimi/laly Hst ol required materlals by JAN. 1, 1995. 

~AFTe,::93~ .-
'. 
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RELEASE DATE __ .,;2~6-"S~Ec:P-,9~4,---_ 

ENGINEERING AUTHORJZATION PAGE 1 
, E 

TITLE FUSELAGE - MAIN FRAME, STATION 595 PRESSURE BULKHEAO, INTERIM REPAIR 

EFFECTIVITY 

Registry. Asset N 6 11 F E 
or Engine No. ...:::.::..::..:..:c..::: __ 
Unit Description MD-11 F 

STA 595 PRESS BULKHEAD 

A/C Serial No. -".48"'6"'0"'4'-__ _ 

TST 

CYCLES 

Mffi. FIN 

3519:10 

813 

NCA6244-515 

SERIAL NO. -uN"'/A"-___ _ 

IMACH 
--eM NO. 

REFERENCES: 

fUNCTION: 

__ Manual Change 

__ Malarial Change 

AIt.tation 

X Re . 
-- pu 

Othel 

ClASSIF1CATION 

SIGNATURES: 

Siqned by William O. Cusato 9/23/94 

Enginear William O. Cusalo 

Siqned by Jack W. Springer 9/23/94 

Manager Jack W. Springer 

FAA or designee (ił required) 

REV1S10N RECORD: 
(A!terations or 
repairs only) Rev. _' ___ _ 

__ Major 

X Minor 

h. DAC MSG SVC-LAX-0157/SFY 2. 

5. 

8. 

E.A.5330-M1'-21039 3. FUS 553 

4. E.A. 5330-M11-21224 DAC MSGSVC-MEM-01241SFY 6. E.A. 5320-Mll-22057 

7. WOC09229401 DAC MSG LAX-SVC-Ol64/SNM ---~~ 

INstROCT!ONS: 

This E.A.ls issued as a tollow up to E.A.5330-M11-2122~, REV "A,"which covers repetitive inspections and 
subsequent pennanent repair to łuselage skin at Ccheck in Septerrt>er 1994. Prior to commencement ol repair 
work, addiłional inspections were perłormed per E.A. 5320-M 11-22057 and additional damage was lound in the 
STA 595 bulkhead area. M required by OAC Msg SVC-MEM-0124/SFY, additional damage was reported to 
Oouglas Aircraft prior to further flight and FM approval was obtained for repair dała descrtbed herein. 

ATTENTION MOCC: FOLLOW UP REQUIRED 

I This E.A. provides instructions for interim repair to STA 595 bulkhead web doubler at X=42. This E.A. also provides lor 
new repetftive inspecUon requiremenls thal supersede those in E.A.'s 5330-M11-21039 and 5330-M11-21224. 

1. Interim repair to ST A 595 bulkhead web doubłer is lo be performed per pages 2 - 4 ot this E.A. 

2. Repetitwe visual inspections are to be performed at intervals not lo exceed 150 landings per instructions on 
.Fages 5 - 7 ot jhis E.A. 

3. Permanent repair to be acc:omplished no later than 1200 landings from this date. 
Oetails of permanent repair will be coordinated by lAX Engineering with OAC over the next 90 days. Pennanent 
repair will' require major repair lo Ihe STA 595 bulkhead in addition to the previously approved fuselage skin splices 
for both the LH and RH s1des per E.A. 5330-M11-21224. Permanent repair is estimaled to require approximately 4 
- 6 weeks down time. LAX Engineering will supply preliminary lisi ot required materiais by JAN. 1,1995 . 

.... .' 
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E.A.# 531 O-M11-2&60 

ENGINEERING AUTHORIZATION PAGE2 OF 7 

6. Locate doubler on forward side of web and back drill 20 ea existing hi-lok holes to 
0.185 dia. Back drill 10 ea existing rivet holes to 0.198 dia. See attached sketch. 

7 .  Layout and drill 16 ea repair fastener holes to 0.185 dia per attached sketch. 

o LH air conditioning compartment and remove fasteners in STA 595 
llow installation of repair doubler and trimming of web. See attached 

' 78756q 
---. 

, ' T I ,  
.I.,-.-' ~ 

,- - <  

4. Perform Eddy Current inspection to verify no cracks exist in trim area. 

Fabricate repair doubler per attached sketch from 2024-T3 clad, 0.125 thick. 
*/r77/ 

5.  
b1.11. 

11. Reinstall details removed for access and restore area to normal configuration. 
c Y 

$kC R-Sl 
1- ]($sa 

RII I INSPECTlOh 

NOT 
REQ 

FE-51 

@-I6 
NOT 
REQ 

NOT 
REQ 

N O T '  
FlEQ 

I 

NOT 
R E O  " >  I 8. Remove doubler. Apply Alodine 1200 and FR primer to all exposed aluminum 

I 9. OK TO INSTALL DOUBLER. 

10. Install repair doubler wet with PI31422 or equivalent. 

NAMF MATFF?lAl 
1. DOUBLER 2024-T3 0.125 X 6 X 18 

Fed& M165 (SH2) 383 FEC Repragrophiu Servlcer Ad 

2.7.. 0 (,.0 "A" 
EA# 5310-Ml1-2Qe60 . 

ENGINEERING AUTHORIZATION PAGE 2 OF 7 

R~air Instructions 

~~/~ 
AlI J INSPECT!ON 

~'I-" 1. Gaio aecess to LH air conditioning compartment and remove fasteners in ST A 595 
bulkhead to allow installation of repair cIoubler and trimming of web. See attached Jr?tS-Pl'7J sketch. 

~-
NOT 

2. łf access permits. slide scrap section 0.020 stainless steel or titanium between . '-, REQ 
ST A 595 bulkhead web and verticallea ot tee to CtOlect vertica.lleo ol tee. 

3. Trim .25 Inch wide slol in doubler ooły where web is creased. Slot to exte"''''' I~ -; fE,sl 
approximatety 2 - 31nches trom Iower edge of web to allow installation _ ..... _.Jbler ~~71 
włthout excessive preload. See ałtached sketch. 

4. Perfonn Eddy Current inspection to vertfy no eraeks exist in tom area. 
I~f-.l'/o 

-liiiPhJ FE-16 

l;€. :; NOT 
5. Fabricałe repair doubler per attached sketch from 2024· T3 clad, 0.125 thick. REQ 

#/>r';71 .. , 
NOT - 18155. 

6. Locate doubler on forward side 01 web and back dnll 20 ea existing hi-lok hołes to ,. REQ 
0.185 dia. Back dnU 10 ea existino rivet holes 10 0.198 dia. See attached sketch. 

-, 
.', ' , NOT' 

7 Layout and drill16 ea repair łaSlener holes to 0.185 dia per attsched sketch . -,.,-: . 
REQ , '. 

NOT 
8. Remove doubler. Apply Alodine 1200 and FR primerto aU exposed aluminum 

, 
REQ . 

surtaces. 

9, OK TO INST ALL DOUBLER. 
JMe 

181554 ~t-'j\ 

lO. Install repair doubler wet with PR 1422 or equivalent. D<p 
7eJ/;4 FE-51 

11. Reinstall details removed for access and restore area to nOlTTlal configuration. ..f,wc FE-51 . Je}s.~ 
Wrł.'- " 

.. -

LIST OF MATERIALS: 

NAME MAlERLAJ. SIlE 
1. DOUBLER 2024-T3 0.125 X 6 X 18 
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:ORPORATION 

ENGINEER/NG AUTlfORIZATION 
E A ,w.· 1-5310-231.55 . .~. _-,,-=:..:....=c:..:-_ 

RelBue Data: _..,-_",1/:..2::.6;.;/_9_5 __ _ 

Page l of • 

1T' 

'~_...AGE. STA Y.595 TO Y -619, LONG. 35L TO 48l· BORON DOUBLER INSPECTlON 

MO-ll BO~ON CBLa. 

DURlNe ~B- CHECK INSPECTION PER EA S310-Mll-22060A, TWO BORON DOUBLERS WERS tOUND WItH 
DELAMlNATION, THE DELAHINA'1'lON OF 80TH OOtJt'łLERS WAS REPAlRED PER EA 1-5320-23154. 
THIS E.A CALLS FOR HONITOR1NG THE srz& OF DELAHINATION, FOR BOTH DOUBtaRS r FOR GROWTH 
DURING TP~ INSPECTION P~OD CALLSO OUT BY ZA 5310-M11-22060A. 

HOCC rou.ow UP: 
THIS EA IS TO BE DONE IN CONJUNC~ZON WITH THE INSPECTIONS CALLED OUT IN EA 5310-Ml1-
22060A. THEru:FORE~ 'rH& INSPEC~IONS AU: TO BE PERFORME!D AT INTE:P.VALS NOT TO Ex.a;ED 150 
LANOINGS. RESOL'TS OP" NEGATlVE FINDINGS OP" 'IHt IN$PECTIONS (I.t. DELAHI.NATl:QN GP'oWTH) 
ARE TO BE REPORTEO TO F:tDft UGINEERING. 
':" It~AT:r.NG ACTloN" rl?R THIS IN: PEC'l'ION ~ t;J(IOD W1T~,.. SE THE ACCOHPL:::::;'R"łEWJ' 'Jol!' }'~r..M..\NEN'r 

R. •. E." .::';j,( E.;Ą53J. I-Hll-2~t..60A. 

:. La 1-5320-231S4, EA5320-Mll-22058, EA5310 'M11-21224~ ANO EAS31C-~1-22060A 
2. MO-ll SRM~ vOt.II. CH. 51-fiZ-Ol, 5l-43-01 ANO 51-71-00 

;TRl'CTIONS: DETAlLEP INSFF.:.TION MECllallIC CIIli:C!C ar ---- - ._----
:NSPECT SOnoN DOUBLERS ON TUr:: L,'H SInE OF 'rlL.": .··./C Ft;.UND AT N/l!!. 
fUS. S'tA. -':::"595 'ro Y-615. FROM ;;.oNGERON 36 Tu T.oN'GE,UlV 4R, 1A' I.EFl:U.W"S 71G. l •. ;,tl(,;l:rrIOtl. , ' I,. t '. . " 

{l/P'i.- FE·04 
I f"''' '*' . . 

1')1. 

AF153(;1 

,~==r;: 
...---_- ,w -...,..No •• 1-

-Ju,J1NTERIM AtiiOn A~iiliad by; - . 
i _.wR1IN<iM\Ci_ --""' ...... . -: 

1Il>...u. _. """"' ....... by. (Ił_ &np. No.: ".'t: 1 ,,"t.. ---- - .... .. 



EA.#: 1-5310-23155 

2 of 4 

c 

LiNSPECT FOR GROWTH OF DELAMINATION FOUND ON DBLR. #2. 
DELAMINATION FOUND WAS AT THE UPPER LEFT HAND CORNER 
INBD.). THE DELAMINATION WAS 5.3” X 5.9” (SEE FIG. 2). 

(LOOKING 

3. HAS DELAMINATION OF 12 DOUBLER GROWN SINCE LAST INSPECTION? 
IF DELAMINATION HAS GROWN CONTACT WC FEDEX ENGINEERING (ATTN: 
OKSANA BARDYGULA, PHONE #(310) 649-8526, FAX X(310)  641-9475). 

ENGINEERING AUTHORlZATlON PaJ 
INSWJCTIONS: (Continued) 

1 4 .  INSPECT FOR GROWTH OF DELAMINATION FOUND CN DBLR. 13. 
DEWINATION W A S  FOUKT AT THE UP?E?. E W E  RUNNING 
LONGITUDINALLY. THE DELAMINATION W A S  4” X 1/2” (SEE FIG. 3). 

5. HAS DELAMINATION OF #3  DOUB’LER GROWN SINCE LAST INSPECTTON? 
IF DELAMINATION HAS GROWN CONTACT LAX FEDEX ENGINEERING (ATTN: 
OKSANA BARDYGULA, PHONE #(310) 649-8526, FAX #(310) 641-9475). 

E.A.': 1-5310-23155 

ENGINEERING AUTHORIZATlON Paqe 2 ot 4 

INSTRiJCllONS: (Conlinuecl) ) MECHANIC J CHECKBY 

~~NSPECT FOR GROWTH OF DELAMINATION FaUNO ON DBLR. ł2. ,.-(.,0: H/A 
DELAMINATION FOUNO WAS AT THE UPPER LEFT KAND CORNER (LOOKING I I ,('1 

rNBD.). THE DELAMINATION WAS 5.3" X 5.9" (SEE FIG. 2) . ·,.,-,')l"/ 
~I'i.~ \~ r"-v", 

3. RAS PELAHINATION eF ł2 OOUBLER GaOWN SINCE LAST INSPECTION? 
/1\1 , "Jj..@.. IF DELAMINATION KAS GROWN CONTACT LAK FEDEX ENGlNEERING (ATTN: 
'\ I .' 

oKSANA BARDYGULA, PRONE ł (310) 649-8526, FAX 1(310) 641-9475). "{j J....r!f> 
\-lit>, , tl~ ~K.\.J r-e.;f lĄCf!D .Kł\ I"A<I r2. ~. eJ! '2. <;, ~ fE·04 

4. INSPECT FOR GRONTH OF OELAMrNATION FOUNO o.~ OBLa. ł3. r(p.l. R/A 
DELAHINATION WAS FO~~ AT THE UPP~. EnGE ::ruNNING 
LONGI'l'UDINALLY. THE DELAMINATION WAS 4" X 1/2" (SEE FIG. 3) • "'f: (.l- \~<j \~ (,J '2. ':l \~ fE·Q4 

5. RAS DELAMINATION OF 13 DOUBLER GROWN SINCE LAST INSPECTtON? /.t ~ NA 
IF OELAMINATION HAS GROWN CONTACT LAX FEnEX ENGlNEERING (ATTN: i I ' ....,. ;1 

OKSANA BARDYGULA, PHONE ł (310) 649-8526, FAX '(310) 641-9475) . "-'1, ~...- FE·04 
t-lfj>o. ..J~ S~l~ lZef~!) Rif4<t/'Z. 

~i . _. 

AQQ.. 
, 

,4.. 
,""et o nat.rIlCt. on. 0-

- ....... 
i~F 1. ':' ~ o..::. 
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DER'Al 
PAESS 
A~ORATION 

E.A.': _--,J=>5.i3jJ] 0",-";2,,2(16if8111 __ 

ENGINEERING AUTHORIZATION Aelease Dale: __ ~l ~1-=,,6~Q~d~ ___ _ 

Page 1 of 1 

FUSELAGE:: TAIL STRIKE- TEbf!lORARY REPAIR FOR ONlWTlME FERRY FLIGHT ,(::? 
. ' - ... c·, .. : 

N611FE 

~IN AND BU!..KHEAD CRAIG 

JACK 

" 
I 

1e following damage. fuselage skin was damaged frem boggeren SOR to SlL. Sta 1882 to 
)40. The Sta 2007 buIkhead-was also damaged fram X=-24 to X=24. The center 3 vert. floor 
lpports at sta 1975 and l vert. support at sta. 1987. X=O were alsa faund to be damaged. 

damaged area was inspected and alI shear clips and longerons are intact but 
deformed. The tail drag inspection was accomplished and no ather damage was faund 

relerenc:e preVlously ilOPfQveO ca:iI For m."or ct.ar.;les wn,cn aHecl 
II or relerence anacned documer>lal,on 

DAC TELEX ISC-MEM-0002/SFY 
FAA 8110-3 DATEO 11-7-94 
~ 51-38-01 vol. II 

..... , )NS: Perform a temporary repair to the damaged skin to enable MECHANIC I CHECK BY 
o . to ta- LAX for . as 'n" ws, 

Fab a doub1er from· .080" 2024-T3 mat!. fram longeron 49R to SOL. 
sta. 1871 to 1997.75. 

, 
Fab a doubler fram .080" 2024-T3 mat1. from langeran SOR to SOL. 
sta, 1997.75 to 2047.6. CUt out access hole in tai! 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 around entire 
perimeter of d~~ed area. 

Install doublers using 3/16" dia. bolts in longerons and fastener 
rows adjacent to Butt splice at sta. 1997.75. Install 3/16 cherry 
max rivets at a11 other locatwns. 

All other remaining damage is acceptable for a one time non-revenue 
unpressurized ferry flight from anchorage to LAX for perroanent 
repair. Permanent repair to be addressed by future Engineering 
Authorization. 

w·up T rackmg Entered by: I Emp. No.: l Date: 

.. _.' 'łTERIM AcliOn Accompllshed by: I Emp. No.: I Date: I Ae!.: WAI/Non-Aoutlne 

OU.OW·UP Action Accomp!ished by: (II AeQuired) l Emp. No.: ! Oate: I Ret.: WRI/Non-Routme _ .. -; 

·~Fl'5·_·9 .... -
~ . (M 165 (SH1) 10194 FeciE.! Rlprograpnrcs SIMee5 
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SPEClAL OR )NROUTINE MAINTENANCI 'ORM 
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l OA1AENTEREDIIY 
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E.A .• : 1-5330-22690 
FEDERAL 
EXPRESS 
CORPORAllON 

ENGINEERING AUTHORIZATION ReleaseOate: 16 NOV. 94 

Page 1 ol _____, O 

TlTLE FUSELAGE - STA 2007 BULKHEAD REPAIR 
r ,. _ . 

.,., .~_ ~-·)r. ,. . '. .. . .-
r/l"r.r-. • I 

, I... III . u __ .L._~._ 
Regisuy No. 

Nomanc!atura: MO-11 F 

Part Number: 

Actt. Serial Number: 

AIRCRAFT EXPERIENCED A TAIL STRIKE DURING LANDING AT ANC. INTERIM REPAIR WAS ACCOMPLlSHED TO 
ACCOMMODATE FERRY PERMITTO LAX WHERE PERMANENT REPAIRS ACCOMPLlSHED. 

REFERENCES: No!e: FOl major flPIIlrslal!tfaDDnS. IfIis EA muSI De FAA a::oOrtlve<l O' ~ ... sllele<ence creVlotlsly B:loroved elata. FOl mInor cnimoes wrllCfl alleel 
m~ulaauf1trs IIrrl1ts. Inll UCUgn SM.Oulel ecnta,n substan~a~nlil ,nlc.ma.on or reteren!:e &!:a::neo OOaJmentar,on. 

MO-11 SRM VOL. 1,53-40-00, FIGUR E 4 - STA Y.2007 PRESS BULKHEAD AND TEE CAP SPLlCE 
MD-11 DRAWINGS: AGA7416, AJC7207, NJC6374. NJC6040. AJC7050 
OAC MSG LAX·SVC-0208JRGS, OTO 11/14/94; SVC-l.AX-02121SFY, OTO 11/16/94 
FUS 553 
INSTRUCTIONS; MECHANIC CHECK BY 

THIS E.A. PROVIOES REPAIR INSTRUCTIONS AND DOCUMENTATION FOR THE SET-UP 
AND REPAIR OF AFT FUSELAGE AND DETAILS FOR STA 2007 BULKHEAD INTERNAL 
REPAIRS. THE DATA CONTAINED HEREIN IS BASED ON TYPE CERTIFICATE DATA, 
STRUCTURAL REPAIR MANUAL, AND FAA APPROVED REPAIR DATA. 

THIS E.A. DOES NOT RECORD THE NUMEROUS ADDITIONAL DETAILS REPLACED PER 
TYPE CERTIFICATE DATA AS A RESULT OF THE TAIL STRIKE. PART REPLACEMENT IS 
DOCUMENTED PER APPROPRIATE GMM PROCEDURES. 

MHlow·up Traclmlg Ent8red by: I Emp. No. 

NO FOLLOW UP TRACKING REOUIREO ci 7f3 I fE-S5 

4Fl'=" , ., -,~, 1. L'. 

I 
Dale: 

li- /G -'7~. 
A. lNIT1AUlNTERIM Actlon Aa:ompllshed Dy: Emp. No.: Dale: I Ret.: WRIINon·Roubne , 
B. FOLLOW·UP AcDon Aecomphshed by: (II Required) Emp. No.: Dale: l Ael.: WRllNon·Routine 

" , SM' , •• dEx M- 6S ( ) ()J9C F.dE eprograpna 

So __ 

I 



. FEDERAL 
' EXPRESS 

CORPORATlON 

.- 

ENGINEERING AUTHORIZATION 
E.A.#: 1-5330-22690 

Page 2 of 10 

9. Trim damaged section of STA 2007 bulkhead TEE cap per SRM VOL. 1,53-40- 

lacement web section and repair details per SRM and figure on page 

igure on page 6. Layout repair 

processing. Apply Alodine 1200 and FR primer to all 

beam installation LH per figure on page 7 

e repair details fo 

E.A.", __ -'.";.:5",33",0"·2",2,,6,,,9,,0 __ FEOERAL 
EXPRESS 
CORPORAllON ENGINEERING AUTHORIZATlON Page20f 10 

~ !F I 1. r2, . ,per M!ŁD " 

2. APU, 
I"":.: ~~6 

3. Jack and shore In51all lunder each I . FE-S5 

4. 1 repair from aft , -is,-. 
5. 'skins for I~~ 
6. ~:~~~g~~~i~~,d~;~a' 'ntem~'a~r~ extemalln~~~i~~~an fuselage from STA 1/rT'f70 FE·57 

17. Ibellv I STA 1862 aft to APU, 'I. ''''! 
8. Peńorm detailed visual inspection of in internal structure from STA 1862 aft to 

I~ /' 

APU, . rJ "1/",. FE·57 
, 

!/S-.r~';/ 9. ~6, FiQure •. 
section of ST A 2007 bulkhead TEE cap per SAM VOL 1, 53-40-

fE-57 
~? 

10. Trim damaged sectlon of STA 2007 bulkhead web per SAM VOL .• 53-40-00. 
Figure 4 and per sketch on page 6 ol this E.A. Trim section of 
X;+I-11.25·beam· ,onoaoe 60fthis E.A. '" ft 

fE·57 

11. web section and repair details per SAM and figure on page 
R" . 

~~6 
5 of this E.A. /~:;// 

12. Fil and locałe web per SRM and figure on page 6. Layout repair 
<Y 

~ 
-,·57 

10er~ 'on oaoe 6. 
X.& 

13. Remove details for deburring processing. Apply Alodine 1200 and FR primer to all ~/ -.. 
t ~ "'le #. N 05"3. ~- -.;. /? 14. OKTO LLWE8 fE·57 

15. rh~~r~~~t.e repair details tro x_+/- 11.25 beam installations per figure on page 7 ot 
~~ ~~6 , 

16. ~:t~::' ~~~te repair details for X .. 11.25 beam Installation LH per figure on page 7 FE.57l Y. ~ '~. 
Frt and locate repair details for X_ -11.25 beam Installation AH per łigure on page FE·57 17. I' '771// 70f this E.A. 

~ ;;~~i~ details for· 
1"'-: /' 

18. and . Apply Alodine 1200 FE·57 
and FA ,"m 

I~tr" 
/'/l, 

ff.57 
19. ""'QT Al . X. 1 1.25 LL ' " 

I~ 
12O. LL X_·11 ? LLAT"'.' ,Q ~ FE·57 



FEDERAL 

CORPORATION 
< -  EXPRESS 

ENGINEERING AUTHORIZATION 
1 -5330-22690 EA.#: 

Page 3 of 10 

Instructions I MECHMIC 
lzf. 

- -/ 
/ns7/, 21. Install all details for STA 2007 web repair wet with PR1431 sealant or equivalent 

per SRM 53-40-00, figure 4 and sheet 6 of this E.A. - -  

22. Install all details for X011.25 beam installation LH wet with PR1431 sealant or 

m installation RH wet with PR1431 sealant or 

CHECKED BY 

E-57 

FE-57 

E-57 I ~ 

‘ 

--------- ~ - -~ ~ 

. 
E.A.*: __ -,1c:-5",3"3",O,,,~2,,2",6!;!9;;.O __ FEDERAL 

EXPRESS 
CORPORA TlON ENGINEERING AUTHORIZATION Page30f 10 

21. lostall all detailsfor STA 2001 web wet with PR1431 seałant or equivalent 

22. lostall all details for X_11.25 beam installation LH wet with PR1431 seałant or 

23. Install all details for X_-11.25 beam installation RH wet with PR1431 seałan! or 

24. AJC7240-1 Tee Cap per SRM 53-40-00. Fig 4. 

25. lower seclion ot AJC7240-2 Tee Cap per SAM 53-40-00, Fig 4. 

26. and drill fastener holes tor new AJC7240-1 and -2 Tee Cap sections and 

27. Tńm AJC7673-1 spliee as shown on 
~~'E~.ja~~nd~.~fillers for L47 LH 

28. Remove all Tee 

29. INSTALL REPAIR ŚECTIIDN'S 

801 this E.A. Fabricate repair angles, 
-10 ot this E.A. Fit. locate. and drill L47 

all hales and ed!leS 

30. AJC7240 Tee Caps and repairs detail installed OK wet with PA1431 sealant or 

31. STA AJ(:72I)i skin 

featx M-\&5 ,SM 3183 fet Heprograprucs SlMC&S 

FE-57 

FE-57 

FE-S7 

FE-55 

1/5.9f7/ 

AF15L:1S 



FEDEFUL 
'' EXPRESS 

CORPORATION ENGINEERING AUTHORIZATION 
EA.#: 1-5330-22690 

Page 4 of 10 

GENERAL NOTES: 

1. Final size and shape of rework to be determined on aircraft. 
2. Smooth and blend all evidence of conosion to 63 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 SRM chapter 51. 
8. Protect against dissimilar metal per SRM chapter 51. 
9. Attachments located from part edges 

2D + .06 for details 
2D minimum acceptable on assembly 

10. Added attachments to be located 2D from joggles. 
11. 'Equal Spaced" tolerance to be within .06. 
12. Install attachments per SRM chapter 51 spacing 4D to 5D. 
13. Use oversize attachments as required. 

LIST OF MATERIALS: 
ITFM NOMFNCI ATURF S17FIGAGF 
'. 

25. 
26. 
27. 
28. 
29. 
30. 

- 

31. 
32. 
33. 
34. 
35. 
36. 
37. 
30. 

SRM 53-40-00, FIG 4 
(DELETE ITEMS -17 - 
ANGLE 
STRAP 
ANGLE 
ANGLE 
SPLICE 
WEB 
SHIM 
CAP ANGLE 
CAP ANGLE 
ANGLE 
FILLER 
FILLER 
STRAP 
STRAP 

VARIOUS VARIOUS 
-20 FROM S R M ,  SEE ITEMS 27 and 28 OF MIS LM) 

0.20 x 2.0 x 2.0 x 13 7075-T6 Bar 

0.125 x 2 x 2 7075-T6 Bar 
0.125 x 2 x 2 7075-T6 Bar 
0.071 x 6 x 7 7075-T6 Clad 
0.063 x 8 x 12 7075-T6 Clad 
0.054 x 1.5 x 6 7075-T6 Clad 
MK FR AJC7090-1 (S2929679) 
MK FR AJC7090-2 (S2929679) 
0.125 x 1.25 x 1.25 7075-T6 Bar 
A R x 2 x 7  7075-T6 Clad 
A R x 2 x 3  7075-T6 Clad 
0.125 x 3 x 3 7075-T6 Clad 
0.125 x 1 x 4 7075T6 Clad 

0.125 x 1.25 x 15 7075-T6 Clad 

N/A 

2 ea 
2 ea 
2 ea 
2 ea 
2 ea 
2 ea 
2 ea 
1 ea 
1 ea 
2 ea 
1 ea 
1 ea 
1 ea 
1 ea 

FEDERAL 
EXPRESS 
CORPORAnoN ENGINEERING AUTHORIZATION 

GENERAL NOTES: 

1. Final size and shape ot rework 10 be determined on aireTaM. 
2. Smooth and blend all evidence 01 corrosion to 53 micro inch finish. 
3. Typical finish on sunacas is 63 micro inch. 
4. Break a11 sharp edges .020/.030R. 
5. Shlm as required to relieve preload. 
6. Proted rework araa against corroskm per SRM chapter 51. 
7. Sea! structural rework per SRM chapter 51. 
8. Protect against dissłmilar metal per SRM chapter 51. 
9. Attachments Iocated trom part edges 

20 + .06 for details 
20 minimum acceptable on assembly 

10. Added attachments to be located 20 trom joggles. 
11. "Equal Spaced" tolerance to be wilhin .06. 
12.ln5tall attachments per SRM chapler 51 spacing 40 to 50. 
13. Use oversize attachments as required. 

LlSTOF MATERIALS: 

Ir.M ~QME~CLilIL.!8E SIZE!G~GE 

• SRM 53-40·00, FIG 4 VARIOUS 

E.A.': __ --'1"'·5,,3,,3"'0"'·2,,2"'5,,90"-_ 

Page401 10 

MAIEBlaL. OTY 

VARIOUS N/A 
(DELETE ITEMS·17· ·20 FROM SRM, SEE ITEMS 27 and 28 OF THIS LM) 

25. ANGLE 0.20 x 2.0 x 2.0 x 13 7075·T6 Bar 2 ea 
26. STRAP 0.125 x 1.25 x'5 7075· T6 Cład 2 ea 
27. ANGLE 0.125 x 2 x 2 7075·T6 Bar 2 ea 
28. ANGLE O.125x2x2 707S-TS Bar 2 ea 
29. SPlICE 0.071 x6x7 7075· TS Clad 2 ea 
30. WEB 0.063 x 8 x 12 7075· T6 Clad 2 ea 
31. SHIM 0.054 x 1.5 x 5 7075· T6 Clad 2 ea 
32. CAPANGLE MK FR AJC7090·1 (S2929679) 1 ea 
33. CAPANGLE MK FR AJC7090·2 (S2929679) 1 ea 
34. ANGLE 0.125 x 1.25 x 1.25 7075·T6 Bar 2 ea 
35. FlllER ARx2x7 707S·TS Clad 1 ea 
36. FILLER ARx2x3 707S·TS Clad 1 ea 
37. STRAP 0.125 x 3 x 3 707S·T5 Clad 1 ea 
38. STRAP O.12Sx1x4 7075·T5 Clad 1 ea 

~;; 
:\",:_':' 

• 
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E X 1  T I t i G  C A P  

6 R E P A I R  CAP x=20.0no \ \ X " l q . 0 0 0  
S E C I I O t I  OF I 

\ i l l s  
x = n.ooo 

S€E. S H € E T 6  
FOR R H  S r o ~  

( U N D E R  O U l B D  
I l A T  S E C T I O N )  

S E C T I O I I  or 
P R O O I I C T I O N  P A R I  
( R E P L A C E  ME 14 1 I 

ENTERNA'.  boURLER REMOVE INflO S E C T .  
AL C L A D  7075-16 

CLAD 2 0 2 4 - 7 3  - R E M O V E  I N B D  DOUBLER 
S E C T .  A 1  C L A D  7075-16 (UNDER O I I I O D  - 3  R E P A I R  CAP 

HAT S E C I I O N I  S E C T I O N  OF P R O D U C l l O N  P A R T  
( R E P  1 ACE ME 111) 

N O I E S :  
1. S E E  S I I E E T  2 f O R  S E C T I O N S  A - A ,  

C - C ,  D-D A N D  V I E W  E - € .  

Atlo R E P A I R  P A R T S .  
2. S E E  SHEET 3 FOR N O T E S  

, 

V I E W  L O O K I N G  F O R W A R D  
A T  S T A  Y 2007.000 C A J - 5 3 - 1 4 1 1 8  
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AEPAIIł CAP 
SE(JIOtl Of 
PAOOUCTlON 
(REPU 

~EE 5HEET 7 
FOR. LH t RH 

t 
fUS 

X m 10.000 X w 0.000 

I 
~'l' 

r I I j J:b)):'~1 
I fr-LrJJ).l.-

______ L ____ _ .. .. ..... . 

-6 SPlICE 

<; EE. 
FOR 

HISlING 

( 
-H 

SHEET ~ 
RH SIDE 

x _ -10.000 

(AP lItl" CAP 
RE"OV[ LOWER 
SEtTlON 

H (l.l.O 7015-16 -5 5PL1CE "NGH 
Al (LAD 7075-t6 

vt9 
R["DVE INSO SECt. 

flLll'lt 

-7 BUliNA!. "DUAU" '" 
REPAlR CAr 
5((11011 Dr 

Al {LAD 1015-16 

flHU 

ItUOV[ INIlO 5HL 
rłOOUC liaN PUli Sf( r. 

-13 IIfO '"'''_''' At 2024-0 
(RErt.l.({I1(t111 

Al CUD l024-Tl 
(UNOUI: 011180 
HA' UCTlOM) 

Hons: 
1. SH SI/E ET l fOR 5((tlO"5 .I.-l, 

(-C, o-o "NO VIEW [-E. 
2. UE !OMEH 3 fOR NOHS 

AlID !tErAIR PART!>. 

-] IHPAIR (AP 
SHTlON Of PAOOUC110tl PUl 
(R(Pl.l.CEtUIITI 

VIEW lOOKING FORWARD 
AT STA y 2007.000 

TIIIM \lEO 
IIHIOVE WOD 
SH I. 

At CLAD 
2024· U 
(UHDU oUlao 
IIAT !>ECHOM) 

EXTERNAL 
"DUBlER 
Al CLAD 1075-t6 

("3-53-14448 

ClI 
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O Si: 
-ł m 
C m 
:o :D 
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Si: 
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O 
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> 
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~ 
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Douglas Products Division 
3855 Lakewood Boulevard, MC DO%-0025, Long Beach, California 90846-0001 

19 May, 1998 
Cl-L70-SRL-98-L105 

Mr. Robert Benzon 
Investigator-In-C harge 
National Transportation Safety Board (AS-1 0) 
490 L'Enfant Plaza, S. W. 
Washington, D. C. 20594-2000 

Subject: FedEx Pilots' Association's MD-11 LSAS Questions 

Reference: FedEx MD-1 1 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-1 1's longitudinal stability augmentation system (LSAS) is contained 
completely within the flight control computers (FCCs). The following is a list of 
LSAS 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 k 5". 
LSAS has a pitch attiiude 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 logic 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 improperly 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 scenario the following 
would have to occur: 1) LSAS would fail to "wash out" within one 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 alternate scenario would require 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 
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Mr. Robert Benzon 
Investigator -In-Charge 
National Transportation Salety Board (AS-lO) 
490 L'Enfant Plaza, S. W. 
Washington, D. C. 20594-2000 

Subject: FedEx Pilots' Association's MD-ll LSAS Questions 

Relerence: FedExMD-ll Accident, Newar!<. New Jersey. 7/31/97 

Dear Sir: 

The loliowing inlormation is provided per your verbal request during the 11 May 
1998 conlerence cali. and in response to a question or questions posed to the 
NTSB by the FedEx Pilots' Association: 

The MD-ll 's longitudinal stability augmentation system (LSAS) is contained 
completely within the flight controi computers (FCCs). The loliowing is a list ol 
LSAS lunctions that pertain to the landing phase ol flight: 

» Below 100 leet radio a~itude, any LSAS commanded elevator deflections are 
"washed out" over the period ol 1 second. 

» When active, LSAS has a maximum elevator authority ol ± 5°. 
» LSAS has a pilch altilude hold function which is activated when the autopilot 

is OFF and there is less than 1.8 pounds ol lorce exerted on the controi 
column. 

» LSAS contains legie to provide nose down elevator deflections when the 
aircraft is in a low speed (near stali) condilion. This lunction is only available 
above 100 leel. 

Therelore, in order lor LSAS to improperly command nose down inputs as 
suggested by the FedEx Pilots' Association, either a dual or quadruple lailure 
would have to have been presen!. In the dual lailure scena rio the loliowing 
would have to occur: 1) lSAS would lail to "wash out" within one second ol 
passing below 100 leet radio a~itude; and 2) low speed protection would have to 
experience a lailure that would cause !he FCC to believe that the aircraft was 
flying 20 to 30 knots slower (closer to the stali speed) than it actually was. 

The altemate scenario would require a quadruple lailure, since the FDR data 
shows all lour elevator paneis were moving together (no apparent "outlyers"). In 
this scenario, each lSAS actuator (one for each elevator panel) would have to 
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faif. Since the actuators are independent, that would require four separate 
failures. 

There is no evidence in etther the FCC non-volatile memory or the FOR data 
from the accident to support either of these two scenarios. 

Sincerely, 

William C. Steelhammer 
OPD Party Coordinator 
Flight Operations 
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Pitch Wheel: When rotated slowly, results in 100 fpm or .1 
degree change per detent. In level flight with FD and or 
AP/FD on, initial wheel rotation selects VIS mode in 100s of 
fpm or FPA in degrees in the direction of wheel rotation. In 
a climb or descent greater than 300 fpm, the mode and 
display are initialized to the current V/S or FPA when either 
the AP or FD 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 slope modes if 
LAND is not annunciated. Autothrottles revert to speed 
control (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 selected altitude in vertical speed or flight path angle 
mode WITHOUT A FLOOR OR CEILING FCP ALTITUDE. 
Rotation of the pitch wheel enables the pilot to exit altitude 
capture for 2 seconds where upon if altitude capture 
conditions are satisfied, the aircraft reenters altitude 
capture. Otherwise the vertical speed remains selected. 
This feature is operable in all modes except dual flight 
directors control below 1500 ft, SINGLE or DUAL LAND 
and below 400 ft RA in the pitch autopilot or flight director 
takeoff or go around modes. 

2.2.5.4 Auto Flight Control 

The center area of the FCP provides 
selection/engagement of automatic 
approach/land modes, autopilot/ 
autothrottles and an emergency 
means to disengage some FCC 
functions. 

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 
only): 

Autopilot 

Autothrottle 

Autothrottle Speed Protection 

Roll Control Wheel Steering (optional) 

The above functions should be available through the 
operation of the other FCC. Pushing both AFS OVRD OFF 
switches down disables the aircraft function. Activating the 
switch reveals an AMBER and GREY diagonally colored 
bar. 

AUTO FLIGHT Switch: Pushing the AUTO FLIGHT switch 
engages one autopilot 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 
flashing AP OFF box in the FMA. When engaged by 
pushing the AUTO FLIGHT switch again above 100 ft RA, 
the AP OFF box is removed and a CYAN AP1 or AP2 is 
displayed in the FMA roll window. 

Engaging the AP between 100 and 400 ft RA engages AP 
takeoff mode. Pushing above 400 ft engages the AP into 
the existing FD mode (displayed on the FMA) or with no FD, 
HDGnRK HOLD and either VIS (VSI greater than 300 fpm) 
or altitude HOLD (VSI equal or less than 300 fpm) 
modes. 

NOTE: Autopilot does not engage below 400 ft RA if 

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. 

NAV is armed or engaged. 

APPR/LAND Switch: Pressing the APPRlLAND switch 
with a localizer frequency tuned arms the AP/FD to capture 
the localizer and glide slope beams. Prior to LOC capture, 
“LAND ARMED” is displayed in the FMA roll window. If 
DUAL LAND is not available after pre-landing tests are 
complete, the FMA displays the alternate mode SINGLE 
LAND or APPR ONLY. Alternate capability (“SINGLE 
LAND” or “NO AUTOLAND”) may be annunciated and 
displayed on the EAD at any time. 

Pushing the headingltrack select knob to hold 
headinghrack 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, only 
pushing the Go Around switch on the center throttle or 
disconnecting the AP permits exit of the land mode. More 
information 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 APPRlLAND mode may exited by selecting another 
mode regardless of FD status. 
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Pitch Wheel: When rotated slowly, results in 100 fpm ar .1 
degree change per detent. In level flight with FO and ar 
AP/FD on, initial wheeJ rotation selects VIS mode in 1 ODs ot 
fpm ar FPA in degrees in the direction of whee! rotation. In 
a climb ar descent greater than 300 fpm, the mode and 
display are initialized to the current VIS ar FPA when either 
the AP ar FD are engaged. Once engaged, the displayed 
vaJue is always the selected value. Selection ot V/S-FPA 
mode disengages PROF, speed on pitch (PITCH in the 
FMA speed window), altitude hord and glide slope modes if 
LAND is not annunciated. Autothrottles revert to speecl 
control (THAUST in FMA speed window). Reselecting 
PROF resumes FMS descent profile operation at the 
selectecl vertical speed as a FMS edit. 

Rotation ol the pitch wheel causes the aircraft to depart the 
FCP selected altitude in vertical speed or flight path angle 
mode WITHOUT A FLOOR OR CElLING FCP AL TITUDE. 
Rotation ol the pitch whee! enables the pilot to exit aJtitude 
capture for 2 seconds where upon il altitude capture 
conditions are satisfied, the aircraft reenters altitude 
capture. Otherwise the vertical speed remains selected. 
This feature is operable in all modes except dual flight 
directors control below 1500 f t, SINGLE ar DUAL LAND 
and below 400 ft RA in the pitch autopilot or flight director 
takeoff or go around modes. 

2.2.5.4 Auto Flight Control 

The center area ot the FCP provides 
se!ection/engagement ol automatic 
approach/land modes, autopilot! 
autothrottles and an emergency 
means to disengage some FCC 
functions. 

AFS OVRO 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): 

• Autopilot 

• Autothrottle 

• Autothrottle Speed Protection 

• Ron Controi Wheel Steering (optiana!) 

The above functions should be available through the 
operation 01 the other FCC. Pushing both AFS OVRD OFF 
switches down disables the aircraft function. Activating the 
switch reveals an AMBER and GREY diagonaJly colored 
bar. 
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AUTO FllGHT Switch: Pushing the AUTO FUGHT switch 
engages one autopilot and both ATs unless the aircratt is 
on the ground where only the ATS is engaged. Pushing the 
switch below 100 tt RA results in the display of the RED 
flashing AP QFF box in the FMA. When engaged by 
pushing the AUTO FUGHT switch agein above 100 ft AA, 
the AP OFF box is removed and a CYAN AP1 or AP2 is 
displayed in the FMA roll windowo 

Engaging the AP between 100 and 400 ft AA engages AP 
takeoff mode. Pushing above 400 ft engages the AP into 
theexisting FD mode (displayed on Ihe FMA) or with no FO, 
HOGfTRK HOlO and ejther V/S (VSI greaterthan 300 fpm) 
or altitude HalO (VSI equal or less than 300 fpm) 
modes. 

NOTE: Autopilot does not engage below 400 ft RA if 
NAV is armed or engaged. 

After initial AP engagement, subsequent switch pushes 
altemate between APs unless one is not available, in which 
case, the engaged AP remains engaged. Normai 
disconnect ol the AP may be accomplished by pushing the 
AP disconnect switch on either control wheel. 
Disconnecting the ATS may be accompłished by pushing 
either AT disconnect switch on the throttles. 

APPR/LAND Switch: Pressing the APPR/LAND switch 
with a locaJizer frequency tuned arms the APfFD to capture 
the locaUzer and glide stope beams. Prior to LOC capture, 
"LAND ARMED" is displayed in the FMA roll windowo Ił 

DUAL LAND is not available after pre·landing tesls are 
complete, the FMA displays the altemate mode SINGLE 
LAND or APPR ONL Y. Altemate capability ("SINGLE 
LANO" or "NO AUTOLAND") may be annunciated and 
dlsplayed on the EAO at any time. 

Pushing the heading/track select knob to hołd 

heading/track cancełs the "LAND ARMED" mode prior to 
capture. Once DUAL LAND, ar SINGLE LAND (AP or dual 
FD approach) mode is annunciated on the FMA, only 
pushing the Go Around switch on the center throttle or 
disconnecting the AP permits exit 01 the land mode. More 
information on the automatic land modes may be found in 
Section 2.2.9. 

Ił APPR ONL Y is annunciated during a dual FD approach 
(both FD switches selected on and the AP oft), onty 
pushing the GA switch permits exit ol the APPR/LAND 
mode. Ił APPR ONL Y is annunciated with the AP engaged, 
the APPR/LAND mode may exited by se\ecting another 
mode regardless of FD status. 
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2.2.6 Automatic Flight System Control Panel 

The AFSCP, shown in Figure 2-23, is located on the First 
3fficers (F0)s side of the Forward Overhead Panel. It 
provides selectors, switches, and lights which control and 
indicate the status of the Longitudinal Stability Spoilers are described in this section. 

Augmentation System (LSAS), Elevator Load Feel (ELF), 
Yaw Damper, and Flap Limiter. In addition, Automatic Pitch i3 
Trim, Roll Control Wheel Steering, and Auto Ground 

Figure 2-23 
Automatic Flight System Control Panel 

In normal operation, all panel lights are extinguished. As 
failures occur in the LSAS or Yaw Damper channels, the 
“FAIL” light is illuminated and channel operation is turned 
off. With the FAIL light on, the pilot should push the switch 
insuring that the channel is turned off and illuminating the 
“OFF” light. With a failure in the Flap Limit and Elevator 
Feel system the “MANUAL” light illuminates 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-11 s aerodynamic efficiency and 
enabling the use of a smaller horizontal stabilizer as well as 
an aft center-of-gravity configuration. When the autopilot is 
“not” supplying pitch axis augmentation, LSAS provides 
manual control handling quality improvements through 

elevator commands without control wheel column 
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 fail power up tests and remain failed 
until they are turned 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 control surface (four surfaces). FCC 1 controls the 
right outboard and left inboard elevator while FCC 2 
controls the left outboard and right inboard elevators. AP 1 
cannot be engaged unless the LSAS channel controlling 
the left inboard elevator is operable. Likewise, AP 2 &not 
be engaged unless the LSAS channel controlling the right 
inboard elevator is operable. (See Figure 2-24.) 
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2.2.6 Automatic Ffight System Controi Panel 

The AFSCP, shown in Figure 2-23, is located on the First 
)fficers (FO}s side of the Forward Overhead Panel. It 
provides selectcrs, switches, and lights which control and 
indicate the status ot the Longitudinal Stability 

FUP 
LIMIT 

SELECTOR 

Augmentation System (LSAS), Elevator Load Feel (ELF), 
Yaw Damper, and Flap Umiter. In addition, Automatic Pitch () 
Trim. Ren Controi Whee! Steering, and Auto Ground 
$poilers are described in this section. 

ELEVATOR 
FEEI.. 

SElECTOR 

Figure 2-23 
Automatic Flight System Control Panel 

In normal operation, aU panel lights are extinguished. As 
failures occur in the LSAS er Yaw Damper channels, the 
"FAIL" !ight is illuminated and channel operation is turned 
oft With the FAIL light on, the pilot shou!d push the switch 
insuring that the channel is tumed aff and iIIuminating the 
"OFF" lighl. With a failure in the Fłap Limit and Elevator 
Feel system the' 'MANUAL" light iIIuminates indicałing that 
it is aft and manual operation tS required. 

2.2.6.1 Longitudinal Stability 
Augmentation System 

The MD-11 uses continuous augmentation ot the pitch axis 
in order to provide conventional handling characteristics. 
The AP and LSAS provide longitudinal stability thereby 
improving the MD-11 s aerodynamie efticiency and 
enabling the use of a smaUer horizontal stabilizer as well as 
an aft center-of-gravity configuration. When the autopilot is 
"not" supplying pitch axis augmentation, LSAS provides 
manual control handling quality improvements through 
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elevałor commands without control wheel column 
movement. 

LSAS engages when power is applied to the aircraft. 

NOTE: Applying electrical power to the FCC with the 
LSAS ar Yaw Oamp switches aft, causes 
them to fail power up tests and remain failed 
until they are tumed on and the FCC power is 
cycled oft and back on. 

Each FCC contains two redundant LSAS controi channe!s 
(four total) each associated with a FCC lane and an 
elevator centro! surface (four surfaces). FCC 1 centrols the 
right outboard and left inboard elevator while FCC 2 
controls the left outboard and right inboard elevators. AP 1 
cannot be engaged uniess the LSAS channel controlling 
the left inboard elevator is operable. Ukewise, AP 2 cannot 
be engaged unless the LSAS channel controlling the right 
inboard elevator is operable. (See Figure 2-24.) 
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Figure 2-24 
LSAS FCC Control Configuration 

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” lights are annunciated on 
the corresponding LSAS switches. An EAD level 2 alert 
“LSAS CHAN FAIL” is also displayed. If all channels fail, 
the level 2 alert “LSAS ALL FAIL” is displayed. For failed 
channels, LSAS switches should be pushed illuminating 
“OFF” (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 illuminated, the channel is 
isolated from control of the elevator surface and the level 1 
alert “LSAS L (or R) INBD (or OUTBD) OFF” is displayed. 
With all channels failed, the level 1 alert “LSAS ALL OFF” 
is annunciated. 

With two LSAS channels “FAIL”ed, dual elevator surface 
control is still maintained by the other FCC. With the 
“FAIL”ed channels selected off, the remaining FCC is 
armed to revert to single channel operation for any 
subsequent LSAS failure. With the illumination 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. 

With no forces on the control column, the LSAS holds the 
current pitch attitude. Pitch forces on the control 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 
trim to off load steady state elevator displacement. 
Maximum elevator deflection commanded by the LSAS is 
2 5 degrees. 

LSAS Overspeed Protection: With the AP and ATS 
disengaged, the LSAS speed limiting mode is automatically 
engaged near Vmo computed by the Air Data Computer (or 
MACH equivalent) to provide overspeed protection. The 
LSAS speed target is Vmo + 6 knots for maximum throttle 
position adjusted to Vmo for throttles at idle. These speed 
targets are established to allow ATS speed protection the 
opportunity to 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 
Vmax 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 turns from 
CYAN to AMBER. If a windshear caution alert is displayed, 
LSAS stall protection engages when the PLI is RED. 

~~ 

SPLIT CUE 

SINGLE CUE 

Figure 2-25 
LSAS Engagement - Pitch Limit Indicator 
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Figure 2-24 
LSAS FCC Control Conłiguration 

Each FCC LSAS lane monitors itself and the other lane for 
fault detection. Upon detecting a fault, both channeJs of the 
FCC shut down and two "FAJL" lights are annunciated on 
the corresponding LSAS switches. An EAD level 2 a!ert 
"LSAS CHAN FAJL" is also displayed. Ił all channels fail, 
the level 2 alert "LSAS AlL FAJL" is displayed. For failed 
channeJs, LSAS switches should be pushed illuminating 
"OFF" (deselecting channels) and then pushed again 
(selecting channels). Ił both failed lights extinguish, then 
the monitor fault has been reset and the LSAS channel is 
operating normally. With OFF iIIuminated. the channel is 
isolated tram control ot the elevator surface and the level1 
alert "LSAS L (er R) INBC (er OUTBO) OFF" is displayecl. 
With aU channels failecl, the level1 alert "lSAS AllOFF" 
is annunciated. 

With twa LSAS channe!s "FAIL"ecI, dual elevator surface 
control is stil! maintalned by the other FCC. Wiłh the 
"FAIL"ed channels selected oH, the remaining FCC ;s 
armecl to revert to Single channel eperation for any 
subsequent LSAS failure. With the ilłumination of all łour 
FAIL lights, the channels should be individually selected 
trom OFF to ON looking for at teast one FAIL light to 
extinguish thus assuring LSAS operation. For one channel 
operation, the gain is increased by a factor of łour to 
provide near normal LSAS controI. 

NOTE: With LSAS L1B off ar failed. AP 1 does not 
-- function. With LSAS RIB off or failecI. AP 2 

does not function. 
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With no forces on the control cOlumn, the LSAS holds the 
current pitch attitude. Pitch forces on the control wheel 
column greater than 2 pounds disengages LSAS 
augmentation and provides pureły manual control. When 
the tarce Is removed trom the column, the aircraft holds the 
new pitch attitude, except during ratation. and initiał stages 
of takeoff. LSAS provides automatic horizontal stabilizer 
trim to oft !oad steady state elevator displacement. 
Maximum elevator deflection commanded by the LSAS ;5 
± 5 degrees. 

LSAS Overspeed Protection: With the AP and ATS 
disengaged, the LSAS speed limiting mode is automatically 
engaged near Vmo computed by the Air Data Computer (ar 
MACH equivalent) to provide overspeed protection. The 
LSAS speed target is Vmo + 6 knots for maximum throttle 
pasition adjusted to Vrno for thrott\es at idle. These speed 
targets are establishecl to allow ATS speed protection the 
opportunity to 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 be!ow Vmo, LSAS 
speed protection is dscontinued and ATS speed contra! to 
Vmax is resumed until the mode 15 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 
(Pll) displayed on the PFD attitude sphere tums fram 
CYAN to AMBER. Ił a windshear cautian alert is displayed, 
LSAS stall protection engages when the Pll is RED. 

SPLIT CUE 

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 
omputed to be approximately 75 percent to 85 percent of 

‘-stickshaker AOA depending on the amount of flap 
extension. This value allows ATS speed protection to 
control speed to the FMS Vmin speed prior to LSAS 
engagement. LSAS stall protection is implemented by 
reducing the 30 degree pitch attitude limit by an amount 
proportional 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. After the AOA is reduced below the PLI 
AMBER limit, LSAS stall protection is discontinued and 
ATS speed control to FMS Vmin is resumed or the 
operating mode is changed by the pilot. For the clean 
aircraft, the PLI 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 autothrottle has failed to 
control speed. 

2.2.6.2 Automatic Pitch Trim 

The auto 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 channel automatically engages when the first 
channel fails. Automatic and manual pitch trim rates are 
switched from .25 to .1 degree per second when airspeed 
exceeds 250 knots or when altitude exceeds 33,000 ft. 

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 
takeoff 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 illuminate the 
master caution light. 

mal Flight: When LSAS is operating (AP not 
engaged), the first powered FCC provides pitch trim which 

is available during flight above 50 ft RA. During LSAS flight, 
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 lower 
pitch attitude limits 

Detection of a trim failure will “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 autoland 
localizer track and flare 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 channel whereupon the pilot should push the switch 
(illuminates “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 pilot 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 
operation with a subsequent single failure which can be 
isolated. With all four channels “FAIL”ed and turned off, a 
single channel 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 to established parallel rudder operation for AFS 
landing, takeoff and go-around modes. “YAW DAMP 
CHAN FAIL” level 2 alert is displayed on the EAD with any 
yaw damp FAIL annunciation. 

3 

2.2.6.4 Elevator Load Feel 

The elevator load feel (ELF) system is a mechanical system 
which provides an artificial control column pitch loading 
against which the pilot must apply a specific force per 
degree of control column rotation. The system has two 

- 
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When AT speed protection is engaged and before LSAS 
słali protection is entered, the FMS thrust limit goes to 
MCT. The Pll "AMBER" angle-of-attack (ADA) limit is 
omputed to be approximately 75 percent to 85 percent ot 

stickshaker AOA depending on the amount ot flap 
extension. This value ałlows ATS speed protection to 
control speed to the FMS Vmin speed prior to LSAS 
engagement. LSAS stall protection is implemented by 
reducing the 30 degree piłeh attitude limit by an amount 
proportional to the aircraft ADA above the Pll AMBEA 
limit. The pilot can overpower the LSAS stall protection by 
applying nose up control wheeł forces in excess ot 5 
pounds increasing the piłeh attitude limit up to a maximum 
of 4 degrees. After the AOA is reduced below the Pll 
AMBER limit, LSAS słali protection is discontinued and 
ATS speed control to FMS Vmin tS resumed or the 
operating mode is changed by the pilot. For the c!ean 
aircraft, the Pll changes trom CYAN to RED without 
transiting AMBER with the same stall protectton 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 autothrottle has failed to 
control speed. 

2.2.6.2 Automatic: Pitch Trim 

The auto pitch trim function automatically positions the 
horizontal stabilizer to off-Ioad steady stałe AFS e!evator 
deflection. Each FCC contains one automatic pitch trim 
(APT) channel. One channe! is operationa! at a time. The 
second channel automatically engages when the first 
channel lai!s. Automatic and manuał pitch trim rates are 
switched from .25 to .1 degree per second when airspeed 
exceeds 250 knots or when altitude exceeds 33,000 ft. 

Auto Flight: With the AP engaged, automatic pitch trim is 
available in all modes except autoland flare. Nose up trim tS 
delayed for 13 seconds when the AP is first engaged in 
takeoff and go-around modes. Auto pitch trim is supplied 
by the engaged FCC and switches to the other when the 
AUTO FUGHT switch is pushed. Trim failures resulttng in 
sustained out ot trim conditions are annunciated as "ST AB 
OUT OF TRIM" (/eve/2 alert) on the EAD and iUuminate the 
master caution light. 

,1ual Aighł: When LSAS is operating (AP not 
engaged), the first powered FCC provides pitch trim which 
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is available during flight above 50 f t RA. During LSAS flight, 
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 lower 
pitch attitude limits 

Detection of a !rim failure will "FAIL" both LSAS channeJs 
and automatically switch control to the other FCC. 
Subsequent !rim failure in the second FCC which can be 
isolated will resu!t 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 tum coordination and damping 
ol dutch roll oscitlations through automatic operation ot the 
upper and lower rudder. The control wheel provides no 
tactile feedback ot yaw damping operation. Yaw damping 
operates contłnuously after power is applied to the aircraft 
except tum coordination does not operate during autoland 
localizer track and flare or wing engine out flighf. Each FCC 
contains twa redundant yaw dam per control channels 
enabling the FCC to be sejf-monitoring. Both channels ol 
FCC 1 operate the lower rudder with FCC 2 operating the . 
upperrudder. 

A faiture extemal to the FCC may illuminate a single yaw 
damp channel whereupon the piłat should push the switch 
(Uluminates "OFF", extinguishes "FAIL" light) to isolate 
the channel off. If an intemai 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 pilot should push 
both yaw damp switches thus itluminating the "OFF" lights 
and extinguishing the "FAIL" lights. This "OFF" se!ection 
also arms the second FCC to revert to single channel 
operation with a subsequent single failure which can be 
isolated. With all four channels "FAIL"ed and tumed off. a 
single channel may be reactivated by pushing each channel 
switch individuatly to extinguish (ts FAIL light and regain 
yaw damp operation. Yaw damped operation is desired in 
order to established parallei rudder operation for AFS 
landing. takeoff and go-around modes. "YAW OAMP 
CHAN FAIL"level2 alert is displayed on the EAD with any 
yaw damp F AIL annunciation. 

2.2.6.4 Elevator Load Feel 

The elevałor load feel (ELF) system is a mechanical system 
which provides an artificial control column pitch !oading 
against which the pilot must app!y a specific force per 
degree of control column rotation. The system has twa 
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AIR CHAMBER I KEMANALYZED DPS 2431-2 I LOWER 1 UPPER I OIUWATER 

(1) NO REQUIREMENT 
(2) Q1.000 
(3) 4.500 
(4) e450 

I REQUIREMENTS I CHAMBER I CHAMBER I MIXTURE 
I 13.0 MINIMUM (DPM 61 76 I 1 I 

ASEPARATE OIL 
INSUFFICIENT NO SAMPLE LAYER (86 ML) AND 

SAMPLE WATER LAYER 

KINEMATIC VISCOSITY 
UNITS CENTISTOKES (CS) 

DENSITY, GMS/ML 

WATER CONTENT, PPM 

FOR NEW FLUID)' 
13.0 MINIMUM (DPM 6177 
FOR NEW FLUID)' 

FOR NEW FLUID) 
13.9 MINIMUM (MIL-H-5606 

10.0 MINIMUM (MIL-H-5606 

DPM 6176 8 DPM 6177 0.872 NO SAMPLE NO SAMPLE 
0.860-0.870 (MI L-H-5606) 

150 MAXIMUM (DPM 6176) 
550 MAXIMUM (DPM 6177) 1,245 NO SAMPLE NO SAMPLE 
150 MAXIMUM (MIL-H-5606) 

12.1 NO SAMPLE NO SAMPLE 

I FOR USED FLUID) I I I 
PARTICLE COUNT I I THE SAMPLE HAD 
(1 )  6-15 P 
(2) 16-25 p 
(3) 26-50 CI 
(4) 51-100 p 
(5) 101+ p I (5)<40 I 
ACID NUMBER, I 2.3-5.0 (DPM 6176) 
MG KOWG I 1.5-3.5 (DPM 6177) I 0.22 I NOSAMPLE I NOSAMPLE 

I 0.50 MAXIMUM (MIL-H-5606) I I I 
I NO REQUIREMENT FOR I 

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 1 17. The following components were found fractured and 
completely separated from the shock strut assembly: (1) piston, P M  AYG7150-509; (2) drag brace 
torque tube, PM AYG7271-1; (3) brake links, P N  AYG7171-1; (4) upper drag link, PM AYG7181-1; 
(5) "E" barrel keel web, PIN AEA7052-501; (6) lever, PIN AYG7234-1; and (7) lock link, PM AYG7182- 
505. Only items (l) ,  (2), (3), (4) and the crush tube, P/N AYG7203-1, were analyzed in the M8PE 
laboratories. The CLG shock strut assembly was disassembled to examine the crush tube. 

al and Mac roscoDic Exam inatim 

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 charred, and 
was at an oblique plane which is typical of overload failure. 

Drag Brace Torque Tube 

The drag brace toque tube displayed a complete circumferential fracture, approximately 31 -34 
inches from the left hand end of the part. A number of areas displayed superficial corrosion. 
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AIRCHAMBER 
ITEM ANAl VZED OPS 2.431-2 lOWER UPPER OIUWATER 

FOR NEW I 
KINEMATlC VISCOSITY 13.0 MINIMUM 
UNITS CENTISTOKES (CS) FOR NEW FLUID)· 12.1 NOSAMPLE NOSAMPLE 

13.9 MINIMUM (MIL-H-5606 
FOR NEW FLUID) 
10.0 MINIMUM (MIL-H-SS06 

PAATIClE COUNT THESAMPLE 
(1) 6-15 j.t (l) NO REOUIREMENT A SEPARATE OIL 
(2) 16-25 J1 <21,000 INSUFFICIENT NOSAMPLE LAYER (BS Ml) AND 
(3)26-50. <3.500 SAMPLE WATERLAYER 

(4) 51-100 j.t (8Ml) 

I 
MG KOHfG 0.22 NOSAMPLE NOSAMPLE 

DENSITY, GMSJML 0.872 NOSAMPLE NOSAMPLE 

WATER CONTENT, PPM 1,245 NOSAMPLE NOSAMPLE 

6177 

4.2.3 Center landing Gear (CLG) 

4.2.3.1 Shock Strut Assembly, PIN NYG621G-SOS 

The CLG shock strut assembly exhibited mechanical damage, evidence ot tire damage, and 
several fractured components. See Figure 117. The following components were tound fractured and 
complelely separaled Irom Ihe shock slrut assembly: (1) pislon. PIN AYG7150·509; (2) drag brace 
lorque lube. PIN AYG7271-1; (3) brake links. PIN AYG7171-1; (4) upperdrag link. PIN AYG7181-1; 
(5) "E" barrel keel web. P/N AEA7052-501; (6) lever. P/N AYG7234-I; and (7) loek link. PIN AYG7182-
505. Only ilems (I). (2). (3). (4) and !he crush lube. P/N AYG7203-1. were analyzed in Ihe M&PE 
laboratories. The CLG shock strut assembly was disassembled to examine the crush tube. 

Visua! and MacroscO,pjc Exarojoatjon 

Piston 

The CLG piston exhibited a complete circumterential fracture and separation in the area just 
below the torque and brake links. See Figure 118. The entire fracture surface was heavily charred. and 
was at an oblique pIane which is typical ot overload tailure. 

Drag Brace Torque Tube 

The drag brace torque tube displayed a complete circumterential tracture. approximately 31-34 
inches trom the left hand end 01 the part. A number ot areas displayed superficial corrosion. 
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See Figure 11 7. 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 1 19. The fracture subsequently extended in opposite 
directions. One small segment extended in counterclockwise direction (looking left) for a distance of 
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, typical of 
overload 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 charrbd, most likely 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 clockwise 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 failure. The overall fracture characteristics indicated torsional overload 
failure. 

1 

Crush Tube 

The crush tube was in the 'crushed" position. See Figure 122. A small 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 '%rushed" position. 

Drag Brace Toque Tube 

SEM analysis of the fracture surface at the grainy textured region of the torque tube revealed a 
predominant intergranular mode of rupture, indicating brittle fracture. See Figure 123. The intergranular 
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 dimple mode of 
failure, indicative of ductile overload. See Figure 124. The portion of the fracture surface nearest the 
failure origin revealed evidence of corrosion. See Figure 125. 

) 
The overall fracture characteristics suggested that the primary brittle failure nearest the failure 

origin area@) occurred outside of the submitted section of the torque tube and that the submitted section 
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See Figure 117. The mating right-hand portion 01 the torque tube was not received by the M&PE 
laboratory. Under SEM macroscopic examination, the fracture appeared to extend tram the missing 
right-hand portion ot the torque tube. See Figure 119. The fracture subsequently extended in opposite 
directions. One smali segment extended in counterclockwise direction (Iooking left) for a distance ot 
approximately O.S-inch. The remalning portion 01 the fracture extended in a clockwise direction. See 
Figure 120. The initial portion ot the tracture suriace exhibited a duli coarse-grained texłure, typical ot 
overload failure; however, the fracture intersected a smali. longitudinal grainy textured region. See 
Figure 121. This grainy texłured region extended through the wall thickness and to a crack length ot 
approximately 1.2 inches. The crack front curvature indicated that this grainy textured crack emanated 
trom the outer surface ot the torque tube. 

BrakeUnks 

80th brake links exhibited complete transverse tracture and separation through the I-beam 
portion. See Figure 118. 80th brake links were bent in a right-hand direction and twisted in a clockwise 
direction (Iooking forward). Under macroscopic examination, the fracture suńaces exhibited fracture 
traces which emanated trom the tailure ongin area along the upper, left-hand edges of the parts. 

Upper Drag Link 

The CLG upper drag link displayed a complete circumferential tracture and separation along its 
shank portion, approximately 3.5 inches trom its inboard end. The mating tracture half was not received 
by the M&PE laboratory. A portion ot the fracture surface appeared to be charred, most likely from fire 
exposure. Under macroscopic examination, the fracture surface exhibited a light surface rust with 
fracture traces that emanated from two failure ongin areas along the outer surface of the drag link. A 
majority ot the tracture extended in a clockwise direction around the part (Iooking inboard). The fracture 
surface exhibited a duli, coarse-grained texture in some areas and occurred along an oblique piane in 
other areas, typical ot overload failure. The overall fracture characteristics indicated torsional overload 
failure. 

Crush Tube 

The crush tube was in the "crushecf' position. See Figure 122. A smali amount of mechanical 
damage was observed along the crush tube; however, ił appeared to be insignificant and could have 
been the result of the crush tube catapulting into Its "crushed" position. 

Scannjng Electron Microscope Analysjs 

Drag Srace Torque Tube 

SEM analysis ot the tracture surface at the grainy textured region ot the torque tube revealed a 
predominant intargranular mode ot rupture, indicating brittle fracture. See Figure 123. The intergranular 
facets exhibited evidance ot corrosion. This intergranular region comprised less than 10% of the area of 
the fracture surface. 

SEM analysis of the remaioder of the fracture surface revealed a predominant dimple mode of 
failure, indicative ot ductile overload. See Figure 124. The portion ot the fracture suriace nearest the 
faiJure ongin revealed evidence of corrosion. See Figure 125. 

The overall tracture characteristics suggested that the primary brittle failure nearest the failure 
origin area(s) occurred outside ot the submitted section ot the torque tube and that the submitted section _) 
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Lmrmwo. 1 
MTR: t h y  12, 1992 

This "Know Your M)-ll" 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 Plight or Plight Crew Operation Manuals, the official 
manuals are the final authority and shall supercede the data in this 
document. 

~ Our new "Know Your HD-11" newsletter will be issued periodically, on an 
as-needed basis. 
like discussed in a future issue, please contact John Lane at the address 
below; we would like to hear from you. 

If you find it useful, or if you have a subject you would 

John P. Lane 
DOUGLAS AIRCRAFT COMPANY 
Internal Mail Code 94-26 
3855 Lakewood Blvd. 
Long Beach, California 90846 

1. Selection Direction of Turns 

"I engaged Heading Select, and the darn thing turned the wrong way!!" 

The above comnent has been delivered to us a dozen times or more, some- 
times in words decidedly more descriptive i.e. (#@{!) than those above. 

How on earth can such a thing happen? Better still, can it be avoided? 
Yes, and here's how: 

MD-11 ICnow your 

'1'0. ALI. _11 OPIIU'I'OIIS 

. ' ' . " . 

LI!!TrIIII 11:). l 
IllTl!:. llay 12., 1992 

Tbls "'lnow YOU'l' MO"U" Newsletter ts eompiled & pubUshed by Douglas rlight 
Operations Cust:omar Serviea. Tho .... teri.l contained herein 15 accurate at 
the ti=e of publication; however. it is intended to provide information 
001y* Should conflicts arise betveen this document and official manuais 
i.e.~ the Aireraft Flight or llight Crew Operation Manuals, tha official 
manuais are tha final authority and shall $upe.rcede. the data in this 
document .. 

Our new "Xnow Your MIl-ut. newsletter will ba issued pe.riooteally. on an 
as-needed basis. If you find it useful. ar if you have a subject you would 
ltke diaeussed in & futura isaue. ple ... contaet John Lane at the aadres' 
below; we would like to hear from you. 

John p~ Lane 
llOUGLAS AIRCRAFT COKPAIIY 
Internal Kail Code 94-26 
3855 Lakewood Blvd. 
L<mg Beach, California 90846 

1. Seleetion Dlrection of Tums 

"I Etnlased Beaditll Sale.et. and the dam thing. turned the wrong ",syt lU 

rb. above comment bas bean deliverad to U5 a do&en ttmes or moTe. some~ 
t1mes in WONS dec1dedly more descriptive i~e. (Ił@(ł) tban those above. 

łłow on earth cm Buch,. t.htna happen? :8etter stUl ~ cm it be avoided'l 
Yas. and bereł B hov; 
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Plight Plan INIT, insert Origin and new Destination Airports, and 
complete the remainder of INIT Plight Plan data. 
PROGRESS Page and read the new destination, distance, time and fuel b u m  
numbers. 

Call up the Secondary 

Efforts 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. 

3. STICK SHAKW/AUTO SLAT DURING CLMBOUT 

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 FMS programed) speed profile. 
have always occurred at heavy weights, with slats retracted during a low 
altitude departure, and while maneuvering in the presence of turbulence. 

They 

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. 
meantime, note that the Stick Shaker activation, when occurring, is 
sufficiantly brief that the Autoslat Extend function usually does not 
occur. 
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 while maneuvering 
after a heavy weight takeoff, and until established on the outbound 
climbout course, especially if the air is bumpy. 

In the 

In cases where the slats & extend, it takes a minimum of 12 

One other Stick Shaker event has been reported during a high altitude 
climb while operating on autopilot and in the RlS 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. 
altitude, shaker may occur. In the unlikely event that both PnCs 
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 
protection. 

If that speed is below the low speed buffet for the existing 

4. BRAKE TEMPERATURE KEASUREHENT (BRI): Brake temperature spread - how much 
is too much? 

Pilots have indicated concern over the cause of the wide range of 
temperatures displayed on the BTH. 
between left and right gears, ranging from a low of So C on one wheel 
assembly, to a high of 222O C on another. 
diverse readings, and what do they mean? 

Some landings have produced variances 

Why are we getting such 

lftov Your MD-II Latter Latter No. 1 
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Flight Plan INIT. insert Origin and new Destination Airports, and 
eomplete tbe remainder ot INIT Fligbt Plan data. CalI up the Seeondary 
PROGRESS Page and read the new destination, distanee. time and fuel bum 
numbers. 

Ifforts are under way to modify our software to simplify the procedure 
above. but in the inter~, the Closeat Airport Inaert method is the 
quiekest and eaaiest procedure ayailable. 

3. STleJ: SIIAIERI AtrrO SLAT DURING CLIIIBOUT 

There haye been a smalI number of reported incidents in which Stiek 
Shaker aetiyation bas occurred wbile operating the aireraft in complianee 
with the Douglas recoumended (and FMS progrlUllDed) speed profile. Thay 
hava always oeeurred at heavy welghts, with slats retraeted dur ing a law 
a1titude departure, and whi1e maneuvering In the presenee of turbulenee. 

DAC bas accamp1ished a complete review of our existlng maneuver spead 
margina, and will soon propose a revised speed schedule which will ensure 
extra margin for the demanding eonditions specified above. In the 
meantime, note that the Stiek Shaker aetivation, when occurring, is 
suffieiently brief that the Autoslat !stend function usually does not 
oecur. In CBses where the slats do extend. it takes a minLmum of 12 
seeonds for them to eompletely retraet after the initiating eause has 
been removed. (which is usually ałmost instantaneous). Pilats mayaiso 
find that it is prudent to leave the slats extended wbile maneuvering 
after a heavy weight takeoff, and until established on the outbound 
climbout eourse. espeeially if the air is bumpy. 

One otber Stiek Shaker event bas been reported dur ing a high altitude 
climb whi1e operat ing on autopilot and in the FHS Profile elimb. 
Preliminary evidence indicates that both FHCs were in the Ttme-Out mode. 
When this oceurs, 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 oeeur. In tbe unlikely event that both FHCs 
ttme-out at the same moment, the crev should manually select an ATS speed 
which provides ample margin for low (and/ar high) speed buffet 
protectton. 

4. DAlE TEMPERATURE KEASUREKENT (Bnt): Brue temperature spread - haw much 
is too much? 

Pilota have indieated concern over the cause of the vide range of 
temperatures displayed on the BTM. Same landin,s bave produead variances 
between 1eft and ri,ht Bears, ranging fram a low of Sa C on one wheel 
assembly. to a high of 2220 C on another. Why are we getting such 
diverse readings. and what do they mean1 
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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 
"Confirmsd" Engine Out Condition, either in flight or on the ground, and 
desire to cancel it, bring up the Performance Page. 
OUT CLEAR prompt will be displayed. Selecting this "CLEAR" will cause 
the Engine Out function to derctivate, and performance predictions to 
revert to the 3-engine state. Anytime thrust limits are stuck in HCT, or 
the F W  will not accept any FL above 280, be suspicious that an erroneous 
Bo is the cause. 

The CONPIRH ENGINE 

PAB : hro 

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

Inov Your MO-II L8tter Latter No. l 
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In any case~ while we continue to investigate Łhe causa. we would lika to 
relter.te the corrective actlon. Should yeu find yaurself in a 
"Confin.d" Rogine Out Condition. either in flight or on the ground, and 
desire to cancel it, brinl up the Performance Page. The CONFIRH ENGIN! 
Otrr eLEAR prompt will be displayed. Selecting this lteLEAR" will cause 
the !ngine Out function to deactivate. and performance predictions to 
revert to the l-engine state. Anytime thrust limits are sŁuck in KCT. or 
the FHS viII not accept any lL above 280, be suspicious that an erroneous 
EO ts the causa. 

PAlhhro 
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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 Plight Test Group, who helped guide the certification of 
the MD-11 Plight Control System, for the preparation of the following 
article. 

KD-11 OPWATING ENVELOPE PROTECTION 

Besides providing a full flight regime autopilot, the HD-11 autofligbt 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 
Augmentation, and Roll Control Wheel Steering. 

SPED ENVELOPE LIMITING 

The WD-11 Auto Flight System provides full flight regime speed protection. 
The Auto Throttle System (ATS) forms the first line of defense against 
excursions outside the normal speed envelope for each aircraft 
configuration. 
LSAS protection begins. 
Autothrottle Speed Control (ATS on), Auto Throttle Self Engagement (ATS off). 
and LSAS Speed Limiting and Stall Protection (ATS available). 

If the ATS is inoperative, or is overridden by the pilot, 
The various systems provide protection as follows; 

When ATS Speed Control is engaged, speed is automatically limited to the 
normal flight speed envelope. 
less than FNS-calculated Vmin+S KUS, or more that Vmax -5 I[IAs. 

It is impossible to camnand a sped that is 

""D-11 Know your 

TO: ALI. IID-ll OPDATOllS 

SlJBJXCT: lLIGIIr CXII'tROL SYS'l'IIII (LSAS • 1ICIiS) 

i.ErTBII IID. 2 
Illft: Sept_ber 17. 1992 

From time to time. we receive requests trom fligbt crews for more information 
on how the KD-ll Flight Control System really works. particularly the LSAS. 
the RCWS. and Speed Envelope Ltmitlng. We are indebted to Captain Paul Shall 
from aur Engineering Flisht Test Group. who helped guide the certiftcation of 
the HD-lI Flight Control System. for the preparation ot the folIowina 
article. 

KD·ll OPI!RATING ENVELOPE PROTECTION 

Besides providing a full flight regime autopilot, the HD-ll autofligbt system 
provides 5tabillty and control augmentation, and proteets against undesired 
aircraft attitudes and speeds. even when the auto pilot and autothrottles are 
off. 

The following paper addresses Speed Envelope Limiting. Longitudinal Stability 
Augmentatien, and Roll Control Wheel Steering. 

SPEED ENVELOPE LIIIITING 

The HD-Il Auto Flisht System provides fulI flight res~ speed protection. 
The Auto Throttle System (ATS) forma tbe first line of defense against 
excursions outside the normal speed envelope for each aircraft 
configuration. If the ATS is inoperative, or is ovarridden by the pilot, 
LSAS protection basina. The various systems provide protection as follows; 
Autothrottle Speed Control (ATS on), Auto Throttle Salf Engagement (ATS off), 
and LSAS Speed Ltmlting and Stall Protection (ATS available). 

When ATS Speed Control is &ns_sed, speed is automatically limited to the 
normal flight spead envelope. It ts impossibie to coaund a speed that is 
less than FHS-calculated Vmin+5 KIAS, or more tbat Vmu. -S XIAS. 
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at the elevators. 
A least one PCC must be operational to provides LSAS service. 
four lSAS channels are available, then full LSAS service is made available by 
increased gain on the surviving channels. 
disengaged and any LSAS switch is not off, LSAS is available to assist manual 
flying. 
and is available when the aircraft is above 50 feet AGL. 

Separate LSAS channels drive each of the four elevators. 
If fewer than 

Whenever the autopilot is 

ISAS is not affected by the position of the AFS Override Switches 

LSAS PI" ATTITUDE HOLD 

In the normal flight envelope, LSAS operates whenever there is less than 2.2 
pounds of push or pull force being exerted on the control wheel hub. 
LSAS control law is to "hold pitch attitude and provide automatic stabilizer 
trim to relieve sustained elevator deflections. 'I 

The 

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 deflections. 

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 compands. 

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 OvgRsPEED PROTECTION 

During flight near the airframe speed limit ( V m o / h w ) ,  LSAS introduces up 
elevator deflection to prevent overspeed causing a nose-up pitch change. 
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. 
variable between V m o / b o ,  for throttles at idle, and Vmo/l6#, plus 6 knots for 
throttles at full power. 
in a high speed encounter. The pilot MY counteract the LSAS Overspeed 
protection by pushing the control colum and conmanding down elevator through 
the mechanical linkage, but the first S degrees of this deflection will be 
countered by the LSAS series elevator inputs against the pilot. This results 
in a push force of about 50 pounds to defeat the LSAS. When 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. 
rapidly, the LSAS will use its elevator authority to clampen the resulting 
pitch rate. 

If 

The target speed that LSAS chooses in high speed protection is 

LSAS will not auto trim in the nose down direction 

._ If the pilot releases the push force 
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at tbe elev.tors. Separate LSAS channels drive Bach of tbe four elevators. 
A leaat one leC IIlUSt be oper_tlonai to provides LSAS servlce. If fewer than 
four LSAS channels are available. then full LSAS servfce ls mad. avaiłabl. by 
increased aain on tba survtvml ehannels. Whenever the autopilot is 
dbena_sed and any LSAS svitch ts not off t LSAS ls avaii.bl. to as.i'st manuał 
f1ylna_ LSAS ls not affected by the position of tba AlS Override Svitchea 
and is avaii.bl. when tba aircraft ls above SO f.et AGL. 

LSAS PITCH ArrrrtlllE BOLD 

In tha normal flight envelope. LSAS operatu vbenever there ls less than 2.2 
pounds of push or pull force belo. eserted on tha control wheel hub. The 
LSAS control law 1. to '~old pitcb attitude and provid. automatic stabilizer 
trim to raiiev. sustalned elevator defł.ctlon •. " 

LSAS uses up to 5 degraes of el.vator to hołd pltch attitude whenever there 
is less than 2.2 pounds of force on tbe controi wbeel and tbe baDk anlle 18 
less than 3D degrees. Any sustained LSAS elevator deflection is promptly 
relieved by automatic LSAS stabilizer tria. provided the bant anlle does not 
exceed S degrees and the controi wheel force remains less than 2.2 pounds. 
The LSAS attempts to teep a fulI 5 desrees of ełevator authority availabl. by 
trimming out Bustained elevator deflections. 

Whenever there ls more than 2.2 pounca force. LSAS 19 inoperatlve and 
provides no attitude hold, no pltch rata damping and no automatic stabillzer 
trim follow-up. Once tbe pilot applied controi force esceeds about 4 pounda, 
friction is overcome and tbe elevator hydr.ulic actuators mave in response to 
the pilot's commands. 

PITCB 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 cltmb if these are &Xceeded. 

!.SAS OVERSPEED PROTECTION 

Dur!nl flight n&ar the airframe .pead liait (Vmo/Hmo), LSAS introduces up 
elevator deflectlon to prevent overapeed causing a nose-up pltch change. If 
the pilot attempts to cause an overapeed by pushing on the control column, 
LSAS will re.ist his force in aD effort to prevent overspeedlng the 
aircraft. Tbe target speed that LSAS cbooses in high spe.d protectlon is 
variable betveen vmo/Mmo, for throttles at idle, and Vmo/Mmo plus 6 knots for 
throttles at fulI power. LSAS viII not auto trim in the nos. down direction 
in a bilb speed encounter. The pilot _y counteract the LSAS Overspeed 
protection by pushinl the control colu.n and commandinl davn elevator through 
the mechanieal linkage, but the first S delrees of thi. deflection viII be 
countered by the LSAS series elevator tnputa against the pilot. This results 
in a pusb force of about SO pounds to defeat the LSAS. Whan the LSAS raacbea 
its S delree limit of authority, furtber pilot inputs viII produce direct 
elevator centroi and will overrlde tba LSAS. There ts no autotrtm vben the 
control wheel force is above 2 pounds. If the pilot releases tbe push force 
rapidly, tba LSAS will usa its elevator authority to dampen tbe resultinl 
pitch rata. 
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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. 
airplane smoothly stops rolling and holds a bank angle. 
full authority to maintain that bank angle, up to 30 degrees of bank, even 
during atmospheric upsets. 
bank angle stabilization or holding. 

The 
It will then use its 

One of the most useful aspects of RCWS is the 

Attempts to achieve 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. 
airplane will immediately roll back to, and hold 30 degrees of bank. 

If the pilot releases that override force, the 

During the time RCWS is active, aileron trim is ineffective and unnecessary. 
RCWS "reacts to" the control wheel forces when they exceed 2.2 pounds. 
Forces above that level co-d a corresponding roll rate of 4 degrees per 
second for each additional pound of force, 15 pounds maximum, out to the 
maximum aerodynamic roll rate of the aircraft. 

PILOT EFFECTS 

Unlike BAS, which is a series flight 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. 
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. 

L 

The aircraft stops rolling 

There will be minor control wheel motions as the system counters atmospheric 
disturbances in an effort to hold the bank angle. 
pilot during RCWS operation are unnecessary, allow the RCWS to work until a 
different bank angle is required. 
results in the system sensing a camnand in the direction of the force and 
reversing the response. 

Continual inputs by the 

Resisting the feedback motion of RCWS 

The MD-11 Flight Control System is flexible and easy to use. 
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. 

Not only does 

P JS / hr o 
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When control wheel force goea below 2.2 pounds, RCWS removes ailaron 
dafłectlon, and may apply same opposite aileron to stop tha roll rata. !he 
airplane smoothly stops rolling and hołds a bank ansIe. It viII then use its 
ful! authority to maintain tbat bank anIle. up to 30 degraes of bank. even 
durlng atmospheric upsets. On. of the most useful aspect. of RCWS is the 
bank ansIe st.bilization ar holding. 

Attempts to achiev. bank anSles in excess of 30 degrees require increasina 
pilot override force on tba contral wheel proportional to the amount ot the 
bani above JO degrees. If the pilot releasas that override force, the 
airplane will immediately roll back to. and hołd 30 degraes of bank. 

During the time RCWS ls active, aileron trim ls ineffective and unnecessary. 
RCWS "reacts to" tbe control vh.el forces vhen they exceed 2.2 pounds. 
Forces above that level command a corresponding roll rate of 4 degrees per 
second for each additional pound of force. 15 pounds maz~, out to the 
max~ aerodynamie roll rate of the aircraft. 

PILOT EFFl!CTS 

Unlike LSAS, which is 8 series fligbt controi feature, RCWS is a parallel 
feature which means that the pilot sees al1 the RCWS motions in the vbeel. 
Forces below 2.2 pounds are resisted as the system attempts to hold bank 
angle. After the breakout force, there ls a RCWS aileron deflection and a 
smooth buildup in roll rate. The aircraft stops roll ing 
when the input force is less than 2 pounds. In order to stop rolling. the 
RCWS moves the control vheel in the opposite direction for a moment. erews 
should anticipate, and should not resist, this motion. 

There will be minor control wheel motions as the system counters atmospherlc 
disturbances in an effort to hold the bank angl.. Continual inputs by the 
pilot dur ing RCWS operation are unnecessary. allow the RCWS to work until a 
d1fferent bank anlle 15 required. Resisting the feedback JDOtion of RCWS 
results in the system sens ing a command in the diraction of the force and 
reversing the response. 

The MO-II Flight Control System is flexible and easy to use. Not only does 
is simplify flylng the aircraft vith speed controi and attitude 
stabilization, but it continually monitors that performance to ensure that no 
limits are exceeded. And it can always be overrldden by the pilot lf that is 
appropriate. 

PJS/hro 
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To: ALL HD-11 OPERATOES 

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 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 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. 
pilots, and offer the following: 

We have pooled the collective experience of our Douglas 

. 
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ALI. HD-U OPl!RATORS 

FLIGRT OPKRATIONS CUS1Oll!R SERVICX llOUGLAS AIlICRAFr COIPANY 

This "Knaw Your HD-ll" Newsletter is compiled and published by Douglas Flight 
Operations Customer Service. The materiał contained herein was accurate at 
the time of publication. and it 1s intended to provide information onły. 
Should conflicts arise between this document and officia! manua!s i.e •• the 
Aircraft Flight ar Flight Crew Operating Manuais, tbe official manuals are 
tbe finał authority and shali supercede the data in this document. 

Our new "Know Your HD-ll" Newsletter will be issued periGdically, on an 
as-needed basis. If you find it useful, ar lf you have a subject you wouId 
like discussed in a future issue, please contact Art Torosian at the address 
below; we would Iike to hear from you. 

Art Torosian 
DOUGLAS AIRCRAFT COHPANY 
INTERNAL HAlL 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 airp!ane. We have pooled the collective experience of our Douglas 
pilots. and offer the following: 

~CDONNE.LLDOUGLA5 
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The landing characteristics of the MD-11 are very conventional for an 
aircraft of its size and weight. 
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 consistency; if you have questions 
or advice that you would like to see included in future issues, please let us 
hear from you. 

Flight controls are responsive, well 

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 Vref by 1000' AGL. 
feet a missed approach should be executed. 
1000 fpm below 1000'. 
height of 47' on a 3 . 0  degree glideslope should be approximately 1700'. 
will provide a touchdown point approximately 900' from the threshold without 
a flare. 
down early. 

If the aircraft is not stabilized by 500 
Rate of descent should not exceed 

This 
The visual aimpoint to provide a threshold clearance 

- Do not deviate from the visual glidepath in an attempt to touch 

Flare 

Auto throttles will begin to retard after passing 50' ,  and a slight flare 
should be initiated between 30 to 40 feet (approximately 2O).  

should touch down in the touchdown zone. 
result in a touchdown slightly below Vref. 
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. 
approximately loo pitch attitude with the struts compressed. 

The aircraft 
The technique described above will 
Do not hold the aircraft off in 

The aft*fuselage will contact the runway at 

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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The land ing characteristics of the MO-l1 are very conventional for an 
aircraft of its size and waight. Flight controls are responsive. well 
balanced and predictable. and with a litt!e practice. pilots are able to 
achieve consistently smooth. well controlled landings very cIose to the 
desired point of touchdown. 

The following is a phase-by-phase discussion of proven approach/landing 
techniques which may help yOll to achieve consistency; if you have questions 
er advice that yOll would lika to see included in future issues, p!ease let us 
hear from you. 

HO-H IAIIIlIIIG ClWlACTJ!RISTICS AIIIl Tl!CBNIQUI!S 

Visual Approach 

The aircraft shou!d be stabilized in the final land ing configuration. on a 
descent fl1ght path and on speed. with appropriate wind and gust corrections 
applied to Vref by 1000 1 AGL. If tbe aircraft is not stahi1ized by 500 
feet a missed approach sbou1d be executed. Rate of descent should not exceed 
1000 fpm below 1000 1

• The visual a~point to provide a tbreshold clearance 
heigbt of 47 1 on a 3.0 degree glideslope should be approximately 1700 1

• This 
will provide a touchdown point approximately 900 1 from tbe 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 pass ing 501. and a slight flare 
should be initiated between 30 to 40 feet (approximately 20 ). The aircraft 
should touch down in tbe touchdown zone. The technique described above will 
resu1t in atouchdown slightly below Vref' Do not hold tbe aircraft off in 
an attempt to achieve a smootb landing. This will resu1t in a 10ng 
touchdown. higher than necessary brak ing forces. a higher pitch attitude and 
reduced tail strike margin. The aft'fuselage will contact the runway at 
approxtm8tely 100 pitch attitude witb tbe struts compressed. 

At toucbdown. 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 tbe nosewbeel to tbe 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. 

2. 

3 .  

Autothrottles should be used for all landings. 
power, starting gradually at about 50 feet and continuing through 
the flare, complements a smooth transition to a well controlled and 
timely touchdown. 
throttles to idle if not already in idle at touchdown. 

The reduction of 

The Autothrottle will continue to move the 

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. 

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. 
proper crosswind correction, and are especially risky on 
contaminated or slippery surfaces. 
compelling reason to initiate an early go-around. 

Such approaches make it nearly impossible to establish a 

A destabilized approach is a 

On a wet and/or slippery surface every effort should be made to ensure that 
reverse thrust is applied syplmetrically across all three engines, and crews 
should be trained to carefully monitor any tendency for the aircraft to 
develop a skid when the surface is slippery. 
develop, thrust should be brought to idle reverse on all three engines while 
the skid is corrected. 
available, reduced braking may improve the cornering capability of the 
aircraft, and with the use of rudder pedal nosewheel 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. 

Should a skid condition 

When a limited amount of runway friction is 

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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disengages. and any nose-up ełevator 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: 

l. Autothrottles should be used for alI landings. The reduction of 
power. starting gradually at about 50 feet and continuing through 
the flare. complements a smooth transition to a well controlled and 
timely touchdown. The Autothrottle will continue to mave tbe 
throttles to idle lf not already in idle at touchdown. 

2. Pi!ots should not trtm the stabilizer dur ing the flare. Sucb 
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 bas shown that approaches which result in large pitch 
deviations) and which never achieve true speed and glide path 
stability are much more Iikely to produce unpredictable landings; 
hold-offs. floats. hard touchdowns. strong rebounds and tai l 
strikes. Sueh approacbes make it nearly impossible to establisb a 
proper crosswind correction. and are especially risky on 
contaminated or slippery surfaces. A destabilized approach is a 
compelling reason to initiate an earIy go-around. 

LAłiDING Oli WE'l' OK SLIPPlKY' SUllPACES 

On a wet and/or slippery surfaee every effort should be made to ensure that 
reverse thrust is applied symmetrieally aerOBa alI three engines. and crews 
should be trained to earefully monitor any tendency for tbe aircraft to 
deveIop a skid when the surface is slippery. Should a skid condition 
develop) thrust sbould be brought to idle reverse on alI three engines whiłe 
the skid is corrected. When a limited &mOunt of runway frietion is 
available. reduced braking may improve the cornering capability of the 
aircraft. and with the use of rudder pedal nosewheel steering. help correct 
the skid. Sustained high reverse thrust in a skid will provide a force which 
can literally back the airpIane off the downwind side runway surfaee. 

Ilłl1UlIOPfl1«i A StSliHS TEST 

Eaeh of the three aircraft systems. Air. Hydraulics and Fuel. bas a specified 
test routine to be accomplished by the flight crew before flight. usually 
dur ing eockpit preparation. In examining the eauses of instanees in whicb 



)[Now YOUR HD-11 Letter No. 3 
Page 6 of 6 
April 13, 1993 

FUKL OFF ScEEDuLE ON TEE GRom 

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. 
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 no 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. 
Synoptic. If the system is operating in manual, then the crew should 
redistribute the fuel manually. 
question the ground staff to as to how the fuel happens to be off schedule. 

This 

This will be evident on the 

In any case, it would be a good idea to 

PAB/hfg 
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There may be occasions when Ground Service or Maintenance refuel tbe 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. dur ing 
the refueling operations. For whatever reason. if the flight crew finds the 
FUEL OFF SCHEDULE Alert displayed after refueling. usually no aetion will be 
required other than to cal! up the Fuel Synoptic. If the Fue1 System 
Controller (FSC) 1s operating in automatic. it will take but a few minutes 
for the conŁroller to automatically reconfigure the fuel distribution to 
normal, once the refueling bas been completed. This will be evident on the 
Synoptic. If tbe system 1s operat ing in manuał, 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/big 
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Know 
TO : ALL KD-11 OPERATORS 

FROM : FLIGHT OPERATIONS CUSTOMER SERVICE DOUGLAS AIRCRAFT COMPANY 

SUBJECT: OPERATIONAL PROCEDURES AND TECHNIQUES 

The Fleet-wide Dispatch Reliabilty of the MD-11 has crossed the 97X 
point, and is moving upward. 
systems-related. 
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. 

Most of the delays continue to be 
Occasionally, however, an event will occur which causes 

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 Autothrottle Display Outline to White. Incidentally, the Autopilot 
box will also be boxed Amber, and will remain so until V2 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". 
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. 
chance, the airplane's CG is slightly aft, and the existing stabilizer 
position, usually 3O 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 SPOILWS, and so on until all takeoff requirements are met, and a 
"Green Box" is displayed. 

The crew perceives that something must be wrong with the Slat 

But on this particular day, by sheer 

MCDONNELL DOUGLAS 
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PROM, PLICHT OPERATIONS CUSTOMER SERVICE DOUCLAS AIRCRAFT COMPANY 

SUBJECT, OPERATIONAL PROCEDURES AND TECHNIQUES 

The Fleet-wide Dispatch Reliabilty of the MO-II bas crossed the 97% 
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 1s unsure as to haw 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 ealls maintenanee and 
refuses to aeeept the airplane until the Amber condition is resolved. 
Aetually, Amber is the normal eondition for the ATS CLAHP display until 
the first engine is started - until the first FADEC is powered. 
actually. That step lenabies' the Autothrottle System. and ehanges the 
FHA Autothrottle Display Outline to Wbite. Incidentally, the Autopilot 
box will also be boxed Amber, and will remain so until V2 is 
entered/eonfirmed on the FHS Takeoff Page; both of these displays are 
norma!. 

SLAT ALERT 

Flight crew notiees, as they are about to taxi, that the Essential Items 
(Green Sox) displays a white "SLATS," wben it usually displays "STAB 
TRIMIl. The crew perceives that something must be wrong with the Słat 
System, and returns to the gate. Aetually, the erew is correct in that 
they normally do see "STAR 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 30 ANU, now falls within the required takeoff Green 
Band. The &&AD Essential Items requirement for the Stabiłizer position 
for takeoff is satisfied. It then displays the next lower priority item 
on the Takeoff Warning System, "SLATS". Therefore, "SLATS" is a 
perfeetly 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 priori ty item, 
u5ually SPOILERS. and 50 on until alI takeoff requirements are met, and a 
uGreen 'Sox" is displayed. 
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In addition to 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. 
and is the result of an anomaly in the GCP-902 Software. 
this anomaly has been identified, and was corrected in the GCP-903 
update, the Service Bulletin for which was released in March 1993. 
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 (111) MDCU, 
and the biasing of the on-side Primary Flight Display Pitch Command Bar. 
The loss of 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. 

This lockup occurs only occasionally, 
The source of 

If 

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. 

TEE BEVERSKR sL(Iw-To-sm 

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. 
pneumatic pressure supplied to the reverser actuation system was insufficient 
to allow a normal stow under some bleed air configurations. 
could lead to nuisance reverser alerts, and to unnecessary maintenance 
action. As an interim solution, a procedure was developed 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 pneumatic pressure to a nominal 65 PSI.  
be revised later this year to advise operators that the subject ECON OFF 
procedure may be deleted after Service Bulletins have been installed. 

. 

Subsequent investigation revealed that 

This condition 

The FCOM will 

MCDONNELL DOUGLAS 
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PKC lłANGK DlSAGRKE 

In addition to the normal FMC RANGE DISAGREE ~hich ~e see from time to time. 
~e have recently established that there are several additional conditions 
~hich may cause the alert: 

1. When the Glareshield TCAS button is depressed. and there is no TCAS 
installed in tbe airplane. a RANGE DISAGREE ~ill be presentedj and 

2. When a soft~are anomaly in the GCP-902 causes a lockup of GCP Channel A. 
range disagree ~ill be presented. This lockup occurs only occasionally. 
and is the result of an anomaly in the GCP-902 Soft~are. The source of 
this anomaly has been identified. and was corrected in the GCP-903 
update, the Service Bulletin for which ~as released in March 1993. If 
the Service Bulletin has not yet been installed. a Channel A lockup ~ill 
display an FMS RANGE DISAGREE Alert, a SENSOR FAIL on the left (lJ!) HDCU, 
and the biasing of the on-side Primary Flight Display Pitch Command Bar. 
The loss of the Pitch Bar may not occur until after rotation. but tbe 
ALERTS on the disabled system will be visible before takeoff. and should 
prompt flight cre~ aetion hefore flight. 

Should Channel A be disabled in flight. and being that it is always 
associated ~ith Autopilot-1 and FCC-l, selecting the other Autopilot ~ill 
provide a serviceable system. Should it occur before takeoff. maintenance 
can usually elear the eondition by cycling the GSHLD CONTROL PNL A poWER C/B. 

mE RKVKRSKR SLOW-TO-S'lW 

During the certification flight test program of the G.E. powered MO-ll. we 
discovered that in some cases the fan reverser transco~ls 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 staw under some bleed air eonfigurations. Tbis condition 
could lead to nuisance reverser alerts. and to unnecessary maintenance 
aetion. As an interim solution. a procedure was developed and placed in the 
FCOM, directing the flight erew to select the Pneumatic System ECON switch to 
the OFF position prior to descent. With the ECON system operat ing (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 provid1ng 
additional energy to expedite the transcowl sto~ operation. 

The problem fix, implemented by the release of t~o Service Bulletins in early 
1993. incorporates ne~ software in the Pneumatic System Controller (-5 PSC 
model). ne~ wiring and an upgraded relay which combine to provide an 
additional increase in pneumatic pressure to a nominal 65 PSI. !he FCOM ~ill 
be revised later this year to advise operators that the subject ECON OFF 
procedure may be deleted after Service Bulletins have been installed. 
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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 
nosewheel steering. Testing has clearly demonstrated that the nose tires 
maintain maximum "bite," especially on slippery surfaces. when deflected 
out to about 6°. In a non-skid condition. this is 60 from the 
fuselage centerline; in a skid. it is measured from the direction the 
airplane is moving. As nosewheel deflection continues to increase beyond 
100 by use of the steering tiller. the tires gradually lose their 
adhesion. When deflection reaches 170 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 10ss in steering. It is interesting to note 
that the dry-runway VMCG does not take advantage of nosewheel steering, 
and therefore represents asafety factor. On wet runways. however, VHCG 
is the actual minimum controi 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, especially when in a skid; it is 
likely to aggravate. rather than to help restore, directional control. 

In summary. in windy and/or slippery conditions, we have to fly the airplane 
alI the way down to the runway tumoff for asafe. smooth and professional 
"arrival." 

PAB:hrf 

Business Unit Manager 
Operational Safety 
& Customer Service 
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FADE ALEUTS: What they peap. and vhat 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. 
appear, indicating possible malfunction or degraded performance, pilots may become 
uneasy or apprehensive with FADEC because: 

But when FADEC MAINTENANCE or FADEC FAULT Alerts 

A. 
B. 

they may not be sure what the Alert means. 
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. 
article may be obtained directly from the Douglas Service Editor, Mail Code 73-30, 
3855 Lakewood Blvd., Long Beach, CA. 90846. 
moment, the following is derived from a Douglas Powerplant Engineering Newsletter: 

Copies of this 

To focus on the FADEC ALERTS for the 

The FADEC controls in both the CF6-80C2 and PU4460 engines are authorized to 
operate for a limited time with certain failures. 
Limited Dispatch", and was developed to better utilize the redundancy of modern 
FADEC controls. 

- This concept is known as "Time 

Time Limited Dispatch is possible because of the fault toler.ant design of the 
Engine Control. 
of the failed component will not affect the operation of the engine. 
may decrease the fault tolerant capability of the control such that the next 
failure may not be fully accommodated. 
engine may not be able to maintain operation, or the risk of abnormal operation may 
become too great. 

Failures can be detected and accommodated such that the operation 
However, it 

As the number of faults accumulate, the 

A statistical failure analysis, combined with an analysis of service history, has 
made it possible to group these failures into two categories: 

E4D 
&!EE 
FADEC MINT 
FADEC FAULT 

DISPATCE 

No Dispatch N/A 
Short Time Dispatch 10 days/l50 Hr 

Failures are grouped into these categories based on the risk of an In Flight Shut 
Down/Loss of Thrust Control. 
belong, are defined as an integral part of the respective Engine Type Certification 
Data Sheet. 

These failures, and the category to which they 
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As with many pilots flying with a FADEC system for the first time. MO-lł pilots 
quickly gain confidence in the new system. particularly appreciating the ease and 
precision of setting power. But when FADEC HAlNTENANCE er FADEC FAULT Alerts 
appear, indicating possible malfunction er degraded performance, pilots may become 
uneasy er 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 Beaeh. CA. 90846. To foeus on the FADEC ALERTS for the 
moment. the following is derived from a Douglas Powerplant Engineering Newsletter: 

The FADEC eontrols in both the CF6-80C2 and PW4460 engines are authorized to 
operate for a limited time with eertain failures. This coneept 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 tolerant design of the 
Engine Control. Failures can be detected and accommodated sueh that the operation 
of the failed component will not affeet the operation of the engine. However. it 
may decrease the fault tolerant capability of the control such that the next 
failure may not be fulIy aceommodated. 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 fai!ure analysis. combined with an analysis of service history. has 
made it possible to group these fai!ures into twa categories: 

FADEC MAlNT 
FADEC FAULT 

DISPATCB 
CATI!GORY 

No Dispatch 
Short Time Dispatch 

TIlIl! 
LIHlT 

N/A 
10 days/150 Hr 

Failures are grouped into these categories based On the risk of an In Flight Shut 
Down/Lass ot 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. 
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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. 
FAULT indication is always dispatchable without maintenance action, as specifically 
authorized in the MEL Procedures Manual. After a FADEC FAULT alert appears 
however, a 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. 

Conversely, a FADEC 

There are two ISOL (Isolation) valves in the MD-11 fuel system, identified as AUX 
ISOL and TAIL ISOL. 
Controller (FSC), and their primary functions are two-fold: 

These valves are electrically positioned by the Fuel System 

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 f o r  Center of Gravity (CG) management. The 
following discussion, together with the enclosed Fuel 
Schematic, will add detail on how they accomplish these tasks. 

.- AUX TANK ISOL VALVE: 

Rmct ions : 

1. Isolates the a w  filljtransfer manifold from the main tank fill/crossfeed 
manifold. This allows the crossfeed manifold to be pressurized during 
takeoff without pressurizing the a w  fill transfer manifold which runs 
inside the aircraft pressure envelope. 

2. Prevents fill valve bleed flow into the a w  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: 

TBE Am( ISOL VALVE: 

1. Is opened automatically from the refueling panel when an a w  tank or tail 
tank fill valve is armed. 

2. Is controlled by the FSC in AUTO mode to perform tail fuel management. 

i 3.  Can be operated during maintenance using the CF’DS FSC RETURN-TO-SERVICE 
menu. 
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Only the FADEe MAINT Alert indicates a non-dispatchable condition; for this alert. 
maintenance action will a!ways be required before flight. Conversely, a FADEe 
FAULT indication is always dispatchable without maintenance aetian. as specifically 
authorized in the HEL Procedures ManuaI. After a FADEe FAULT alert appears 
however. a schedule for corrective action is mandated in the manual. The flight 
crew need anły record the time of occurrence. and the engine on which the FADEe 
FAULT appeared. 

There are two ISOL (Isolation) valves in the MO-II fuel system. identified as AUX 
ISOL and TAIŁ ISOL. These valves are e!ectrically 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 
fue! 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 
following discussion, together with the enclosed Fuel 
Schematic. will add detail on how they accomplish these tasks. 

AllX TAIIK lSOL VALVI!, 

Functions: 

l. I$olates the aux filI/transfer manifold from the main tank fill/crossfeed 
manifold. This allows the crossfeed manifold to be pressurized dur ing 
takeoff without pressurizing the aux filI transfer manifold which runs 
inside the aircraft pressure envelope. 

2. Prevents filI 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 bas already been emptied Or bas 
inoperable components. 

Qperation: 

'l'HI! AllX !SOL VALVI!, 

l. 1s opened automatically from the refueling panel when an aUl( tank or tai! 
tank filI valve is armed. 

2. 15 controlled by the rsc in AUTO mode to perform tai1 fuel management. 

3. Can be operated during maintenance using the CFDS rsc RETURN-TQ-SERVlCE 
menu. 
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?. Hcmentarcp Control wheal Deflection. When the Deflected Aileron System 
L is active and the aircraft is also equipped 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 to 
aileron mechanically. In actual practice, however, due to small lags in 
the aileron response to the FCC commands, the aileron is usually moving a 
little slower than the ADA-directed movement. The ADA then backdrives the 
control wheel slightly until the aileron catches up; this causes the 
aforementioned momentary aileron pulse. 

deflect the 

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 occur when the Autopilot is engaged while 
the flaps (and ailerons) are retracting after takeoff. The effect on 
autopilot control 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. 
cause for concern by the flight crew. 

L 

It is not a 

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 yet no capture will 
occur; the course must be entered on the NAV RAD page to get capture. This 
applies after the -908 FMC 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. 
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. 

This allows 

One operator has advised us that an incident occurred in which Hydraulic System 112 
shut down in flight following the loss of system fluid, and a short time later, the 
crew performed a precautionary shutdown of system 113 after showing indications of 
wertemp. During the remainder of the flight, utilizing only Hydraulic System 111, - the flight experienced a noticeably higher fuselage deck angle, and an increase in 
fuel burn, caused by additional drag from flight control surface float. 
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~. ~ta!"Y Control Wheel Daflection. When the Deflected Aileron System 
is active and the aircraft is also equipped with the Roll Control Wheel 
Steering (RCWS) option, there will be a momentary control wheel deflection 
of approximately 12 degrees for l second when the ailerons initially 
deflect or retraet after takeoff. This deflection is no~l, 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 l, the right for RCWS 2) is controlled by the 
Flight Control Computer (FCe) eleetronically. In this mode, the engaged 
aileron actuator will not accept mechanical inputs, and deflection must 
occur electronieally through the FeC. The FCe attempts to accomplish 
this deflection at the same rate that the ADA is trying to deflect the 
aileron mechanically. In aetual practice, however. due to smalI lag s in 
the aileron response to the FeC commands, the aileron is usually moving a 
little slower than the ADA-directed movement. The ADA then backdrives the 
control wheel slightly until the aileron catches up; this causes the 
aforementioned momentary aileron pulse. 

The characteristic explained above is normal, and actuaIly 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 elockwise when raising them. lf RCWS 2 is 
active, the opposite will be true. 

This same phenomena will also occur when the Autopilot is engaged while 
the fIaps (and ailerons) are retraeting after takeoff. The effect on 
autopilot control 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. lt is not a 
cause for concern by the flight crew. 

= TUIIDiG AND CAPTURE: 

If the ILS is tuned manually by IDENT only, and if the finał approach course 
information is not entered. the LAND ARK will be displayed yet no capture will 
occur; the course must be entered on the NAV RAD page to get capture. This 
applies after the -908 1MC 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 FHS 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 heen 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 approaeh course information. 

LOSS OF IIYDIIAULIC SYSTI!HS TWO AND '1'IIRl!E, 

One operator bas advised us that an ineident 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 show!ng indications of 
,vertemp. During the remainder of the flight. utilizing only Hydraulic System #1, 
the flight experienced a noticeably higher fuselage deck angIe, and an increase in 
fuel bum. caused by additional drag from flight control surface float. 
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2. Question: Can Ballast fuel be burned in flight? 

3. 

Answer: 
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 quote 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)." 

As we are aware, fuel that is placed in ballast is for CG 

Question: 
can the next takeoff begin? 

With warm brakes, how long will it take to cool them, and when 

Answer: 
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. 
used. 

Enclosed is the Douglas FCOM Vol. IV Takeoff Brake Temperature 

In the meantime, this chart can be 

4 .  Question: 
Nav Display and the FSC-MCDU Progress Page? 

Why do we see different ETAS to the next waypoint between the 

Answer: The ETA to the next waypoint on the Nav Display is based on the 
current IRU groundspeed and the distance to the waypoint. 

The ETA(s) displayed on the FMC pages (PROGRESS, FPW, FIX) are all based on 
FMS predictions. 
on current and FORECAST Winds and the FMS Speed Mode (target). 

FMS predictions determine the predicted groundspeed based 

Reasons for different resulting ETA'S: 

(1) FMS 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. 
-909. 

This software error is being fixed in the FIG 

(2) 
aircraft speed. 

(3) 
Predictions. 

FMS SPEED Mode target significantly different from the current 

Lack of accurate FORECAST Wind Information in the FMS for use by FMS 

B a c k m  d 011 M)-ll RS use of W i n d s :  

In cruise, FMS Predictions use a blend of current winds and FORECAST Winds 
(pilot entered on the VERT REV Page 2 ) .  
directly in front of the aircraft, ramping linearly down to OX current winds 
at 200 n.m. in front of the aircraft. 
linearly from OX at the aircraft nose to 100% 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 waypoints 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 flight plan, but has more influence on 
the predictions beyond 200 n.m.1. 

Predictions use 100% current winds 

The use of FORECAST Winds ramps 
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2. QuestiOD: Can Ballast fuel be burned in flight? 

An$wer: 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. Hawever. should extraordinary circumstances 
dictate extraordinary measures. then to quote from Honeywellls MO-II Cockpit 
Pilot I 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. baw lon& will it take to cool them, and when 
can the next takeoff hegin? 

Answer: Enclosed is the Douglas FCOM Vol. IV Takeoff Brake Temperature 
Chart. This subject is one of high focus with the FAA right naw, and we are 
wark ing 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. Questian: Why do we see different ETAs to the next waypoint between the 
Nav Display and the FSC-MCDU Progres s Page? 

Ansver: The ETA to the next waypoint on the Nav Display is based on the 
current IRU groundspeed and the distance to the waypoint. 

The ETA(s) displayed on the FHC pages (PROGRESS, FPŁN, FIX) are alI 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) FHS 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 errar is being fixed in the FMS 
-909. 

(2) FMS SPEED Mode target significantly different from the current 
aircraft speed. 

(3) Lack of accurate FORECAST Wind Information in the FMS for use by FHS 
Predictions. 

Bactground on Im-U !MS use of WiDu: 

In cruise, FHS 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. ramp ing linearly down to 0% current winds 
at 200 n.ro. in front ot the aircraft. The use of FORECAST Winds ramps 
linearly from 0% at tbe aircraft nose to 100% at 200 n.m. in front of the 
aircraft; beyond 200 n.m. predictions use ooly FORECAST Winds. However. the 
predictive process is cumulative, so that predictions for alI downpath 
waypoints are based on tbe results of predictions to previous waypoints. 
Therefore. predictions to alI waypoints in the flight plan are based on hoth 
current winds (used in the first 200 n.m. ot the predictive process) and 
FORECAST Winds (used alI along the flight plan, but has more influence on 
the predictions beyond 200 n.m.). 
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LETTERNO. 6 
October 7 ,  1994 

Know Your MD-11 

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 occasionally 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. 
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Every transport aircraft has, as part of its design 
specification, a specified Maximum Landing weight. For routine 
operations, landing at ar below this weight 15 the rule. Because 
the Maximum Structural Takeoff Weight i5 often substantially 
higher than the max landing value, and because circumstances may 
arise after takeoff which make it desirable to land hefore the 
fuel burnoff or fuel dump can bring the weight down to the max 
landing weight, tha flight crew rosy occasionally be well advised 
to consider an overweight landing. The purpose ot this letter 1s 
to review the factors which impact On landing overweight, and to 
offer guidance to the crew on haw beat to accomplish it. 

The maximum landing weight is a value which is established by 
several factcrs, including the strength of the aircraft 
structures, flap limit speeds, tire limit speeds, and brake 
capacity. With respect to structural strength, <the aircraft i5 
designed to accept a touchdown in a normal landing attitude at up 
to la feet-per-second (600 fprn) with no damage at the maximum 
land ing weight. When the landing weight goes above this value, a 
landing is still permitted, but Łhe allowable sink rate 
decreases. Charts are provided in the peOM Performance Manual 
which show the allowable sink rate for weights above the maximum 
land ing weight. The flight crew should consider the fOllowing 
when performing an overweight landing: 

Select a runway which is long enough l and is into the wind. 
Higher apprcach 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. 
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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 limit in which case the alternate flap 
setting must be used. 

Touchdown speeds are normally on the order of 5 to 10 knots below 
the final 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. 
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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 limit in which case the alternate flap 
setting must be used. 

Touchdown speeds are normally on the order of 5 to 10 knots below 
the final approach/threshold speed, and surface wind conditions 
should be factored in to determine if tire limit speeds will be 
exceeded. 

AlI 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 maxirnum 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 1S always requiredi the extent of which is determined 
by how much the aircraft exceeded the Max Landing Weight at 
touchdown. 
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LETTER NO. 7 
October 7 ,  1994 

KNOW YOUR MD-11 

ENGINE FIRE AGENT DISCKARGE 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 to 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 to 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. 

Vio"r MD-11 
Kno"" 

mow YOUR MD-ll 

LBT'l'ER NO. 7 
Oc:tober 7, 1994 

ENGINE FIRE AGENT DISCHARGE PROCEDQRE 

Recently an MO-II experienced an inflight Engine Fire Warning. 
The engine was shut down per the emergency checklist and the fire 
handle was pushed down and rotated to discharge the fire 
extinguishing agent. However, the agent did not discharge, 
perhaps because the fire handle was not at the fulI forward limit 
when it was rotated. 

To discharge the agent, the fire handle must be pushed fulI 
forward, against the stop to overcome the spring back load. It 
must be held there while rotating the handle clockwise to 
discharge the Number l 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 in to the simulator 
training syllabus to give them a -hands-on" opportunity. 
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CH194MA290 file 'I'CI;FILES/FLIGHT~J Alihlia htrir 

NTSB Identification: CH194MA290. The docket is stored in the (offline) NTSB Imaging System 

Scheduled 14 CFR 129 operation of ALITALIA 
Accident occurred AUG- 19-94 at CHICAGO, IL 

Aircraft: MC DONNELL DOUGLAS MD-1 lF, registration: IDUPO 
Injuries: 267 Uninjured. 

'.' 

THE AIRPLANE EXPERIENCED A HARD LANDING ON INITIAL TOUCHDOWN. 
SUBSEQUENTLY, THE NOSE 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 
1.9488 G S .  AT THAT TIME, THE THROTTLE RESOLVER ANGLES INDICATED 52.03, 5 1.33 
AND 49.22 DEGREES FOR THE NUMBER ONE, TWO AND THREE ENGINES, RESPECTIVELY 
ALSO, THE FDR REVEALED THAT AFTER TOUCHDOWN, THE AIRPLANE EXPERIENCED 
FOUR OSCILLATIONS IN THE PITCH AXIS. THE MAXIMUM PITCH ANGLE DURING THIS 

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. 

TIME WAS +5.98 DEGREES NOSE UP, AND THE MINIMUM VALUE WAS -2.46 DEGREES 

Index for .4uc 1994 I Index of Months 0 D 0 c3 - 

L -  
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NTSB Identificatian CHI94MA290. The docket is stared in the (off1ine) NTSB Imaging System 

Scheduled 14 CFR 129 operation af ALIT ALIA 
Accident occurred AUG-19-94 at CHICAGO. IL 

Aireraft: MC DONNELL DOUGLAS MD-IIF. registration: \DUPO 
Injuries: 267 Uninjured. 

THE AlRPLANE EXPERIENCED A HARD LANDING ON INITIAL TOUCHDOWN. 
SUBSEQUENTLY. THE NOS E TIRES FAlLED. DAMAGE OCCURRED TO THE GENERAL 
AREA OF THE NOSE LANDING GEAR SUPPORT STRUCTURE. AND THERE W AS FOREIGN 
OBJECT DAMAGE TO THE #1 AND #3 ENGINES THE FLIGHT DATA RECORDER (FDR) 
DAT A lNDICATED THAT THE INITIAL TOUCHDOWN ACCELERA TION HAD A V ALUE OF 
19488 G'S. AT THAT TIME. THE THROTTLE RESOLVER ANGLES lNDICATED 52.03, 5133 
AND 49.22 DEGREES FOR THE NUMBER ONE. TWO AND THREE ENGINES. RESPECTlVEL y 
ALSO. THE FDR REVEALED THAT AFTER TOUCHDOWN. THE AlRPLANE EXPERIENCED 
FOUR OSCILLA TIONS IN THE PITCH AXIS THE MAXlMUM PITCH ANGLE DURlNG THIS 
TIME WAS +5.98 DEGREES NOSE up. AND THE MINIMUM VALUE WAS -2 46 DEGREES 
NOSE DOWN. DURlNG THIS TlME FRAME. SPOILER POSITIONS NEVER EXCEEDED 8.0 
DEGREES OF DEFLECTION AND THE NOSE WEIGHT ON WHEELS PARAMETER CHANGED 
FOUR TIMES. 
Probabie Cause 
THE FIRST OFFICER'S IMPROPER FLARE AND IMPROPER USE OF FLIGHT CONTROLS 
DURlNG THE LANDING FLAREITOUCHDOWN 

łnde.\( for Aug 199411ndex ofMonths DO~CLJ 
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LAXY3IA 198 file 3 C 'FILES8FLIGH114 delta 1993 htni 

NTSB Identification: LAX93IA198. The docket is stored in the (offline) NTSB Imaging System. 

Scheduled 14 CFR 121 operation of DELTA AIRLINES 
Incident occurred APR-30-93 at LOS ANGELES, CA 

Aircraft: MCDONNELL DOUGLAS MD- 1 1, registration: N803DE 
Injuries: 277 Uninjured. 

THE PILOT WAS INSTRUCTED TO GO-AROUND ON HIS FIRST APPROACH 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 DURTNG 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 OF T E  RUBBER IN THE # I  ENGINE 
Probable Cause 
THE PILOT'S IMPROPER FLARE AND IMPROPER RECOVERY FROM A BOUNCED LANDING 

Full narrative available 

Index for Apr 1993 I Index of hlont hs 0 D C 5 0 C 2 3 c1 Z 
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NTSB Identification: LAX93lA198. The docket is stored in the (offiine) NTSB Imaging System. 

Scheduled 14 CFR 121 operation ofDELTA AIRLINES 
lncident occurred APR-30-93 at LOS ANGELES, CA 

Aircraft. MCDONNELL DOUGLAS MD-II, registration: N803DE 
Injuries: 277 Uninjured. 

THE PILOT WAS INSTRUCTED TO GO-AROUND ON HIS FIRST APPROACH DUE TO 
PRECEDING TRAFFIC ON THE RUNWAY. AFTER THE SECOND APPROACH, HE ALLOWED 
THE AIRPLANE'S DESCENT RA TE TO BECOME EXCESSIVE, AND IT TOUCHED DOWN 
FIRML Y AND BOUNCED. THE SECOND TOUCHDOWN W AS ALSO FIRM DURlNG THE 
LANDING ROLL-OUT, THE AIRPLANE VIBRA TED, BUT W AS CONTROLLED WITH BRAKES 
AND ENGINE REVERSING. A POST-FLIGHT EXAM REVEALED DAMAGE TO BOTH NOSE 
GEAR TIRES AND WHEEL R1MS, SMALL HOLES IN THE FUSELAGE AFT OF THE NOSE 
GEAR, AND INGESTION OF TIRE RUBBER IN THE #1 ENGINE. 
Probabie Cause 
THE PILOT'S IMPROPER FLARE AND IMPROPER RECOVERY FROM A BOUNCED LANDING 

Fuli narratlve available 

Index for Apr 19931lndex ofMonths OD::::::::::::!J:::::;:::::J=~ 
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LAX93IA198 

On April 30, 1993, at 21 13 hours Pacific daylight time, Delta Airlines Flight 88, a McDonnell Douglas 
MD-11, N803DE, 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 12 1, 
sustained minor damage. There were no injuries to the 14 crewmembers or 263 passengers. Night visual 
meteorological conditions prevailed. The flight originated at Anchorage, Alaska, at 1 545 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 spoilers. 

Examination of the airplane revealed damage to both nose gear tires and wheel rims, damage to the heat 
shield on the center body gear, small holes in the fhelage aft of the nose gear, and ingestion of tire rubber 
in the number 1 engine inlet. 

Delta 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 aircraft 
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." 

\- 

-- 
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LAX93lAI98 

On Apri130. 1993. at 2ł l3 hours Pacific daylight time. Delta Airlines Flight 88. a McDonnell Douglas 
t\.1D-II. N803DE, landed hard on Runway 24R at Los Angeles International Airport, Los Angeles, 
Califorrua. 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 visuaJ 
meteorological conditions prevailed. The flight originated at Anchorage, Alaska, at 1545 hours, 

According to the F AA, 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 subsequentJy stowed and disarmed the wing spoilers, 

Examination of the airplane revealed damage to both nose gear tires and wheel rims, damage to the heat 
shield on the center body gear, small holes in the fuselage aft ofthe nose gear, and ingestion oftire rubber 
in the number 1 engine inlet. 

Delta 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 offuel remaining. A go-around was required frorn short final 
due to failure oftraffic ahead to elear 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 airbome 'o 

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 aircraf!. 
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 
tecłm.iques after a hard landing could prevent a similar occurrence." 
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