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INTRODUCTION

On 04 November 2025, at approximately 1713 Central Standard Time, a McDonnell Douglas
MD-11 airplane, N259UP, operating as United Parcel Service (UPS) Flight 2976 on a flight
from Louisville, Kentucky, to Honolulu, Hawaii, crashed shortly after takeoff from Louisville
Muhammad Ali International Airport Runway 17R. All three crewmembers were fatally
injured along with 12 persons on the ground, and the airplane was destroyed. Visual
meteorological conditions prevailed at the time of the accident.

Submission Abstract

e The Boeing Company (Boeing), the airplane’s type certificate holder, is an invited party to
the public hearing and provides technical and operational assistance to the National
Transportation Safety Board (NTSB) in its investigation.

e The information presented in this submission is based on factual information as
documented in the NTSB’s factual reports and other hearing exhibits, as well as the
testimony of Boeing and other witnesses during the public hearing, the use of analytical
tools, and a methodical investigation process.

e The design of the MD-11 wing pylon was certified as damage tolerant structure and
exceeded the certification requirements by further meeting fail-safe design requirements.
Static stress and fatigue analyses determined the pylon was able to maintain limit load
conditions for 84,000 cycles, or 2.8 times the aircraft’s design lifetime.

e The aft bulkhead lugs were identified as Principal Structural Elements (PSEs) by Rohr.
Crack growth analysis on the aft bulkhead lugs at the time of certification indicated the
initial interval for lug inspections was 29,200 cycles. This interval was adjusted at the time
of entry-into-service in order for the inspection to occur before the Design Service
Objective (DSO). The interval was later expanded to correspond to the previously
calculated value.

e Regulations require design considerations for engine breakaway during ground conditions
(e.g., hard landings) to protect fuel tank integrity and prevent fire hazards; no requirements
exist for safe in-flight engine separation. In-flight separation is mitigated through structural
design requirements, damage tolerance, and the structural maintenance program.

e The MD-11 incorporated lessons learned from DC-10 accidents in 1979 and 1989,
including NTSB recommendations for improved slat system resiliency and fuel valve
command signal availability.

e Under 14 CFR 21.3, as a type certificate holder, Boeing is responsible for reporting to the
FAA any failure, malfunction, or defect in any product or article. The COS Working
Agreement between Boeing and the FAA provides an acceptable method of compliance for
submitting reports of in-service events. Boeing and the FAA periodically revise and update
the COS Working Agreement.

e Boeing maintains contact with its fleet operators through the Boeing Communication
System (BCS), Fleet Team engagements, and other points of contact. Reports from fleet

UPS MD-11 N259UP Submission Page 1 of 16




@aaflﬂa

operators are used to inform Boeing’s understanding of the performance of its designs in
service, and to identify individual reports for consideration under a formal safety process
outlined in its COS Working Agreement.

e Boeing reviewed in-service reports on the MD-11 wing pylon as part of its overall
Continued Operational Safety Program (COSP). A 2008 assessment of an aft bulkhead
bearing failure by Boeing’s Safety Review Board found the bearing failure to not be a
safety issue based on information known to the Board. Nevertheless, Boeing updated the
Airplane Maintenance Manual (AMM) inspections for the area and issued a Service Letter
(SL) recommending enhanced inspections of the bearing in service. Boeing’s MPD and
AMM provide recommendations that operators can use to create their own maintenance
planning documents and maintenance procedures in coordination with their regulators.
Additional in-service reporting after the SL was published was consistent with
maintenance inspections successfully finding damaged bearings.
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BOEING ASSISTANCE WITH THIS INVESTIGATION

The National Transportation Safety Board (NTSB) is conducting the investigation into this
UPS MD-11 accident. Assisting the NTSB in its investigation are the Federal Aviation
Administration (FAA), UPS, General Electric (GE), Boeing, the International Brotherhood of
Teamsters — Airline Division, and STE San Antonio Aerospace.

As the type certificate holder for the MD-11 airplane, Boeing’s role in this investigation has
been to assist the NTSB by providing technical information regarding the airplane design,
manufacture, and operation.

The NTSB held a public hearing on this event on 19 and 20 May 2026. Following the hearing,
the NTSB requested that all parties submit proposed findings to be drawn from the factual
information established during the investigation. Boeing responded to the NTSB request with
this document, which:

e Provides an assessment of the factual information and other pertinent data collected to
date.

e Identifies knowledge gained from the investigation thus far.

e Identifies conclusions supported by the knowledge gained from the investigation thus far.

BOEING ASSESSMENT

The Boeing assessment of the accident is based on the facts as documented in the NTSB’s
factual reports and other hearing exhibits, as well as the testimony of Boeing and other
witnesses during the public hearing. These reports, exhibits, and recorded testimonies are
supported by other investigative observations of the airplane and accident site, post-accident
examination of airplane systems and components, flight data recorder (FDR) data, and the
cockpit voice recorder (CVR) transcript.
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MD-11 Wing Pylon Design and Certification

McDonnell Douglas launched the MD-11 program in December 1986 as a derivative design of
the existing DC-10 aircratft.

The wing pylon assembly of the DC-10 was certified to fail-safe requirements pursuant to the
regulations in effect at the time.! Prior to the launch of the MD-11, the regulations governing
certification changed to require that the structure be certified as damage tolerant.? At the time
the MD-11 was certified, 14 C.F.R. § 25.571 required that an “evaluation of the strength, detail
design, and fabrication must show that the catastrophic failure due to fatigue, corrosion, or
accidental damage, will be avoided throughout the operational life of the airplane,” and “a
determination of the probable locations and modes of damage due to fatigue, corrosion, or
accidental damage.” The same requirement is in effect today.*

The MD-11 wing pylons were designed, analyzed, and manufactured by Rohr Industries, Inc.
(Rohr) and certified to the damage tolerant requirements.”> Although the certification basis of
the wing pylon structure did not require it, McDonnell Douglas’s design specifications
exceeded regulatory requirements by also requiring the structure to maintain fail-safety.® The
design of the wing pylon aft bulkhead was similar to the DC-10, including fail-safe design
objectives, but also featured certain design improvements.’ Those included a grease-lubricated
spherical bearing installed through the aft bulkhead lugs, which was designed to address
lubrication failures and corrosion issues observed in the monoball spherical bearing originally
designed for the DC-10.% A 24-month, 4800-hour lubrication maintenance task required
lubrication of the spherical bearings while the pylon remained installed on the wing.’

I'NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.1.0; NTSB Public
Hearing Exhibit 7C, Structures Group Chairman’s Factual Report Attachment 2, 14 CFR § 25.571 History, at
Amendment Number: 25-23, Effective Date: 05/08/1970. Fail-Safe criteria “instructs the applicant to assume that
single failures will happen, and to consider the effects of those failures and combinations of failures in defining
an acceptable safe design.” FAA Advisory Circular AC 25.1309-1B, Section 2.2.

2NTSB Public Hearing Exhibit 7C, Structures Group Chairman’s Factual Report Attachment 2, 14 CFR § 25.571
History, at 14 CFR 25.571(b) Amendment Number: 25-54, Effective Date: 10/14/1980.

3 NTSB Public Hearing Exhibit 7C, Structures Group Chairman’s Factual Report Attachment 2, 14 CFR § 25.571
History, at 14 CFR 25.571(a)-(b) Amendment Number: 25-54, Effective Date: 10/14/1980.

4 NTSB Public Hearing Exhibit 7C, Structures Group Chairman’s Factual Report Attachment 2, 14 CFR § 25.571
History, at 14 CFR 25.571 (a)-(b) Amendment Number: 25-148, Effective Date: 1/18/2023.

5 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.1.1.
¢ NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.
7 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.1.

8 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Sections E.2.1.1., E.2.2. Other
improvements included a full 2-piece bulkhead, both pieces manufactured from Grade A die forged 7075-T73
aluminum, fastened together back-to-back forming multiple load path fail-safe structure, two rows of fasteners to
the pylon side skins, and an improved upper forward horizontal flange.

9 NTSB Public Hearing Draft Transcript, May 19, 2026, at 30:5-8. All citations to the hearing transcripts herein
refer to the versions provided to the parties on May 28, 2026.
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In 1986, McDonnell Douglas performed a fatigue test on the DC-10 pylon attach joint using
the redesigned bearing, P/N S00399-1.'° The bearing was installed into the aft pylon bulkhead
assembly and cycled for 84,000 cycles to reflect the loading spectrum for the structure, or 2.8
times the aircraft’s design lifetime.!" The test joint was inspected and the bearing was
lubricated at regular intervals during the test.!? Inspection of the assembly, including the
bolt/bushing/bearing combination, revealed no findings.!> A compressive vertical limit load of
124,450 pounds was applied to the joint with no permanent deformation, after which the joint
was loaded in vertical tension to failure, with failure of the lugs recorded at 180,000 pounds. 4
The components of the bulkhead were examined after the test. There was no damage to the
wing clevis fitting, bushing, or bolt noted after the test, although the spherical ball was not free
to rotate in the bearing outer race. !°

In the design and certification of the MD-11, Rohr developed and performed wing pylon proof
tests, which concluded that there would be no detrimental permanent deformation of the pylon
structure under design limit loading conditions.!'® Rohr also performed static stress and fatigue
analyses of the pylon aft bulkhead lugs using a coarse grid NASTRAN finite element model.!”
The static stress analysis showed that the strength of the intact lugs had positive margin of
safety when compared to the ultimate load case for vertical and transverse loading, and the
strength of a single lug had positive margin of safety, in satisfaction of the fail-safe design
criterion.'® The fatigue analysis entailed fatigue loads that were developed using a
combination of nine unique flight profiles in a repeatable 2,000 flight sequence applied for a
total of 20,000 flights.!® The analysis calculated that accumulated fatigue damage at the lug
resulted in expected lug crack initiation at 87,800 flights, under normal loading conditions.?

Definition of Primary Structure and Principal Structural Element

The FAA defines a primary structure as a “structure that significantly contributes to the
carrying of flight, ground, or pressure loads.” 2! Principal structural elements (PSEs) are a
subset of primary structure defined as “those elements of primary structure which contribute

10 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.6.

"' NTSB Public Hearing Draft Transcript, May 20, 2026, at 493:14-23; NTSB Public Hearing Exhibit 7A,
Structures Group Chairman’s Factual Report, Section E.2.1.6.

12NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.6.
13 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.6.
¥ NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.6.

1S NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.6; NTSB Public
Hearing Draft Transcript, May 20, 2026, at 493:17-23, 495:14-16.

16 NTSB Public Hearing Draft Transcript, May 20, 2026, at 492:13—19; NTSB Public Hearing Exhibit 7A,
Structures Group Chairman’s Factual Report, Section E.2.1.7.

7 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Sections E.2.1.3-4.
18 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.3.
9 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.4.

20 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.5; NTSB Public
Hearing Draft Transcript, May 19, 2026, at 454:19-455:11.

2I NTSB Public Hearing Exhibit 7V, FAA Continued Operational Safety (COS) Slides for NTSB Investigative
Hearing, at PDF Page 4; NTSB Public Hearing Draft Transcript, May 19, 2026, at 39:17-40:1.
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significantly to carrying flight, ground, and pressurization loads, and whose failure could result
in catastrophic failure of the airplane.”?? Inspection intervals and specified instructions for
PSEs are part of the MD-11’s Airworthiness Limitation Instructions (ALI), which are
inspections designed to ensure the integrity of the structure. An ALI is required by regulation
and approved by the FAA.

Rohr Identification of Principal Structural Elements in the Pylon Aft Bulkhead and
Failure Modes and Effects Analysis

Rohr surveyed the MD-11 pylon structure to determine the likely or most critical locations for
crack growth, which were classified as PSEs.?* Based on the certification analysis and test
results during design, Rohr identified the aft bulkhead lugs as PSEs, but not the spherical
bearing.?* That classification was consistent with the understanding, based on the testing and
analysis that had been performed at the time, that failure of the bearing would not increase the
stress experienced by the aft bulkhead lugs, nor result in catastrophic failure of the airplane.?

Other MD-11 Design Improvements on the DC-10

The MD-11 design also featured improvements reflecting lessons learned from prior events,
including those from a DC-10 accident in Chicago, Illinois, on 25 May 1979,%° and a DC-10
accident in Sioux City, Iowa, on 19 July 1989.2" In the 1979 accident, a loss of hydraulic
pressure contributed to an uncommanded retraction of leading edge slats on the left wing,
resulting in a loss of available lift on the left wing.?® Design changes in the MD-11 included
the addition of slat balance relief valves to the hydraulic lines on the leading edge to maintain
pressure and prevent airflow from pushing the slats back in the event of loss of hydraulics.?’
Following the 1989 accident, an engine rotorburst analysis for the MD-11 identified a threat to
the existing DC-10 mechanical fire shutoff valve cable in the wing leading edge area.*’ The
mechanical shutoff valves for the wing-mounted engines were replaced with electrical
valves.! The electrical harnesses for the electrical fire shutoff valves were routed through the

22 NTSB Public Hearing Exhibit 7V, FAA Continued Operational Safety (COS) Slides for NTSB Investigative
Hearing, at PDF Page 4; NTSB Public Hearing Draft Transcript, May 19, 2026, at 40:4-9.

23 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.5; NTSB Public
Hearing Draft Transcript, May 20, 2026, at 488:8—16.

24 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.5.

25 NTSB Public Hearing Draft Transcript, May 19, 2026, at 247:16-21, 248:17-249:5, 255:13-257:8; NTSB
Public Hearing Draft Transcript, May 20, 2026, at 518:18-21, 552:19-553:1, 562:23-563:3, 567:1-4, 567:22—
568:1.

26 NTSB Public Hearing Exhibit 7D, Structures Group Chairman’s Factual Report Attachment 3, DCA79AA017
Final Report NTSB-AAR-79-17.

27 NTSB Public Hearing Exhibit 7U, Boeing Pylon Design Overview Slides for NTSB Investigative Hearing, at
Slide 7.

28 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.1.3.

2% NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Pages 6-7;
NTSB Public Hearing Draft Transcript, May 20, 2026, at 595:7-596:1.

30NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Page 7.
31 NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Page 7.
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wing trailing edge, which is not within the areas vulnerable to wing engine uncontained
failures.*?

Wing Pylon Breakaway Considerations

Additional design considerations for the MD-11 wing pylon included design load cases
involving a hard or wheels-up landing, as set out in 14 CFR §§ 25.561, 25.721(b), and 25.994.
A primary design consideration for an engine breakaway in these scenarios is to give airplane
occupants every reasonable chance of escaping serious injury. The MD-11 design is intended
to protect the integrity of internal wing fuel tanks and the engine fuel feed system so that the
spillage of enough fuel to constitute a fire hazard will not occur. In the case of a hard landing,
the design provides for the engine to separate at the forward engine-pylon mount, rotating
down and away to pass under the wing structure. In the case of a wheels-up landing, engine
contact with the ground would lead to fusing of the pylon-wing attachment at the aft bulkhead
lugs, allowing the engine to pitch upward relative to its installed position.

A variety of systems are present near the pylon to wing interface.>* These include fuel and fire
extinguishing lines, bleed air ducts, hydraulic lines, and electrical cables/wiring that support
engine-related functions.*> The MD-11 wing pylon design includes provisions for these
systems, including fire prevention, fire detection, and fire containment within the engine core
compartment provided by the use of features such as fireproof firewalls and flammable fluid
carrying lines designed to minimize the possibility of leakage during engine operation.>® In the
event of a hard or wheels-up landing, the fuel line is also designed to fail downstream of the
interface with the fire shutoff valve to ensure the integrity of the valve, its adapter, and its
interface with the wing front spar web during a separation event, allowing fuel spillage to be
controlled by fire shutoff valve operation.’’

The referenced design regulations and considerations concern hard landing and wheels-up
landing conditions, not complete pylon separation during takeoff or in-flight conditions.
There are no design requirements for in-flight separation of the engine.* The design
requirements for takeoff and in-flight conditions are intended to ensure the engine and pylon
remain attached to the aircraft.*® Airborne separation of an engine or engine/pylon assembly is

32 NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Page 7;
NTSB Public Hearing Draft Transcript, May 20, 2026, at 585:23—586:20.

33 NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Pages 24,
Figures 1-4; NTSB Public Hearing Draft Transcript, May 20, 2026, at 502:8-504:18.

34 NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Page 6.
35 NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Page 6.
36 NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Page 6.

37 NTSB Public Hearing Exhibit 7X, Boeing White Paper on Pylon Structures and Systems Design, Pages 7-8;
NTSB Public Hearing Draft Transcript, May 20, 2026, at 584:4-585:9.

33 NTSB Public Hearing Draft Transcript, May 20, 2026, at 500:4-501:21, 502:2-6.
3 NTSB Public Hearing Draft Transcript, May 20, 2026, at 500:4-501:21, 502:2-6.
40'NTSB Public Hearing Draft Transcript, May 20, 2026, at 582:24-583:12, 612:17-613:5.
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mitigated through structural strength and fatigue requirements, as well as the structural
maintenance program.*!

Inspections of the MD-11 Wing Pylon Aft Bulkhead

As noted above, the work performed by McDonnell Douglas and Rohr as part of certification
under damage tolerance criteria determined that a crack would not initiate on the aft bulkhead
lugs until after approximately 87,800 flight cycles.** That analysis was used to develop
intervals for specified inspections of PSEs as part of the MD-11’s ALI to ensure at least two
inspection opportunities before a crack would reach critical length.** The ALI threshold
inspection calculated for the aft bulkhead lugs was 29,260 flight cycles, based on dividing the
87,800-cycle figure by a scatter factor of three.** However, FAA requirements at certification
mandated an initial inspection of PSEs before one Design Service Objective (DSO) of the
MD-11 airframe, which was 20,000 cycles.* Consequently, the initial ALI inspection for the
aft bulkhead lugs and many other PSEs was set at 19,900 cycles regardless of the calculated
inspection interval.*®

Boeing revisited the ALI inspection thresholds in 2014 as the fleet began to approach its
DSO.*” Operators had expressed concerns to Boeing that they could not conduct the required
ALI inspections for the various PSEs without pulling aircraft from service for extended
downtimes because so many PSEs had an identical ALI threshold of 19,900 cycles.*® The FAA
approved a certification plan submitted by Boeing to increase the inspection thresholds for 104
PSEs (including the aft bulkhead lugs) from the DSO to their originally calculated values,
which would result in more staggered ALI inspections for operators.*’ Boeing subsequently
submitted to the FAA a revised damage tolerance analysis that took into account the originally
calculated inspection thresholds, the MD-11’s fail-safe design, the service history of the DC-
10 and MD-11 fleets, and the maintenance inspections in Boeing’s Maintenance Planning

41 NTSB Public Hearing Draft Transcript, May 20, 2026, at 623:6-17.
42 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.4.

43 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Sections E.2.1.5, E.2.3; NTSB
Public Hearing Draft Transcript, May 20, 2026, at 505:18-507:10.

4 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.1.5; NTSB Public
Hearing Draft Transcript, May 19, 2026, at 454:19—455:11.

45 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3; NTSB Public
Hearing Draft Transcript, May 19, 2026, at 454:19-455:11; NTSB Public Hearing Draft Transcript, May 20,
2026, at 509:23-510:14, 538:4-10.

46 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3; NTSB Public
Hearing Draft Transcript, May 20, 2026, at 509:23-510:14.

4T NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3.

4 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3; NTSB Public
Hearing Draft Transcript, May 20, 2026, at 511:9-21; NTSB Public Hearing Exhibit 7L, Structures Exhibit,
Boeing-FAA Correspondence on ALI, at PDF Page 3 (“Project Description”).

4 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3; NTSB Public
Hearing Draft Transcript, May 20, 2026, at 509:23-511:21; NTSB Public Hearing Exhibit 7L, Structures Exhibit,
Boeing-FAA Correspondence on ALI, at PDF Page 3 (“Project Description™).
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Document (MPD).>® The FAA approved Boeing’s request to extend the inspection threshold
for the pylon aft bulkhead lugs to 29,200 flight cycles, based on the originally calculated
29,260-cycle figure, rounded down to the nearest hundred.>!

In addition to the ALI inspections, there were other means by which the pylon aft bulkhead
was periodically inspected and maintained. The aircraft owner/operator is responsible for
maintaining the aircraft in an airworthy condition under the oversight of its regulator, and
often in coordination with its Maintenance, Repair, and Overhaul (MRO) facilities. Boeing
makes recommendations but has no authority to mandate preventative maintenance or
inspection procedures for in-service aircraft.>> Boeing provides inspection-related materials,
frameworks, and guidelines, which operators consume and implement in their judgment and as
part of satisfying applicable regulatory requirements.>?

Materials supplied by Boeing include the MPD and the Aircraft Maintenance Manual
(AMM).>* Section 2 of the MPD outlines the scheduled maintenance tasks for the Structural
Maintenance Program.>> The AMM contains specific information and procedures for the
service, repair, or replacement of aircraft components.’® The MPD may (but is not required to)
reference specific AMM procedures as part of describing scheduled maintenance tasks.>’

The MD-11 MPD provides for an initial general visual inspection (GVI) of the pylon aft
bulkhead at sixty months, to be repeated every sixty months, and an initial detailed visual
inspection (DVI) of the pylon aft bulkhead at ninety months, to be repeated every sixty
months.>® The GVI (MPD 54-512-01) calls for a visual examination of the pylon aft bulkhead
from within touching distance to detect obvious damage, failure, or irregularity, under
normally available lighting.>® The DVI (MPD 54-512-02) calls for an intensive visual
examination to detect damage, failure, or irregularity, possibly using inspection aids like

S0 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3; NTSB Public
Hearing Draft Transcript, May 20, 2026, at 539:22-540:13.

SI'NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3; NTSB Public
Hearing Draft Transcript, May 20, 2026, at 509:23-511:25.

52 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.2.3; NTSB Public
Hearing Exhibit 11A, Maintenance Group Chair’s Factual Report, Section 7.0, Appendix A; NTSB Public
Hearing Draft Transcript, May 19, 2026, at 146:6-8, 427:5-19; NTSB Public Hearing Draft Transcript, May 20,
2026, at 506:15-507:10, 557:24-559:6.

53 NTSB Public Hearing Exhibit 11A, Maintenance Group Chair’s Factual Report, Sections D.4.0, 5.0, Appendix
A; NTSB Public Hearing Exhibit 11C, Maintenance Attachment 2, Operation Specifications.

54 NTSB Public Hearing Draft Transcript, May 19, 2026, at 418:9-16.
3555 Boeing MD-11 Maintenance Planning Document Section 2.A.

3 NTSB Public Hearing Exhibit 11A, Maintenance Group Chair’s Factual Report, Section D.21.0(g); NTSB
Public Hearing Draft Transcript, May 19, 2026, at 418:9—16.

S7NTSB Public Hearing Draft Transcript, May 19, 2026, at 409:2-14, 418:9-16.
38 NTSB Public Hearing Exhibit 11A, Maintenance Group Chair’s Factual Report, Appendix A.

3 NTSB Public Hearing Exhibit 11A, Maintenance Group Chair’s Factual Report, Appendix A; NTSB Public
Hearing Exhibit 11U, Maintenance Attachment 20, AMM-54-05-03-210-801; NTSB Public Hearing Draft
Transcript, May 19, 2026, at 108:20—109:4.
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mirrors or magnifying lenses, with supplemented lighting.®® Both inspections call for the
mechanic to clean the area, if necessary, before starting the inspection, noting “it is expected
that the area to be inspected is clean enough to minimize the possibility that accumulated dirt,
lint, fibers, or grease might hide unsatisfactory conditions that would otherwise be obvious.”®!
Migrated bearings have been identified by operators during such GVI/DVI procedures.

The Boeing Continued Operational Safety Process

After McDonnell Douglas merged with Boeing in August 1997, maintenance of the MD-11
type certificate became Boeing’s responsibility. As a type certificate holder, Boeing is required
to “report any failure, malfunction, or defect in any product or article [...] that it determines
has resulted in any of [several listed occurrences],”®* a requirement that has been in place since
before the MD-11 program.

Portions of Boeing’s Continued Operational Safety (COS) Process provide an acceptable
method of compliance with 14 CFR § 21.3.%* That process implements the COS Working
Agreement between Boeing and the FAA, which identifies the principles and practices for
reporting, analyzing, and resolving safety events related to Boeing’s transport airplane fleet.®
The COS Working Agreement provides distinct, structured criteria to analyze whether an
event (1) is a COS-reportable event; (2) warrants follow-up as a potential safety issue (PSI);
and/or (3) qualifies as a Safety issue.®® The FAA is notified of each event determined to meet
any of the criteria.®’

Boeing evaluates data from a range of sources as part of the COS Process, including Boeing
Communication System (BCS) customer messages, engineering discoveries, reports made by
the FAA to Boeing, supplier disclosures, quality assurance reports, or foreign civil aviation
authorities.®® The FAA’s Service Difficulty Report (SDR) database has not historically been

% NTSB Public Hearing Exhibit 11A, Maintenance Group Chair’s Factual Report, Appendix A; NTSB Public
Hearing Exhibit 11V, Maintenance Attachment 21, AMM-54-05-03-211-802; NTSB Public Hearing Draft
Transcript, May 19, 2026, at 109:12-24.

I NTSB Public Hearing Exhibit 11A, Maintenance Group Chair’s Factual Report, Section D.4.1; NTSB Public
Hearing Exhibit 11U, Maintenance Attachment 20, AMM 54-05-03-210-801; NTSB Public Hearing Exhibit 11V,
Maintenance Attachment 21, AMM 54-05-03-211-802.

2 NTSB Public Hearing Draft Transcript, May 19, 2026, at 433:1-8.
314 CFR § 21.3(a) Reporting of failures, malfunctions, and defects.

% NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 2.

9 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 3.

% NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slides 7-15.

67 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 7; NTSB Public Hearing Draft Transcript, May 19, 2026, at 204:20-205:25.

% NTSB Public Hearing Exhibit 7S, Structures Exhibit, Excerpts from FAA-Boeing Unified September 2016
COS Working Agreement, Section 4.1.3; NTSB Public Hearing Draft Transcript, May 19, 2026, at 111:21-112:9
(SDRs have not historically been considered “FAA Reports”).
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regarded as a viable source of COS reporting data due to data quality, query, and analysis
limitations.®

An event or issue is initially documented and reported to the FAA if it meets applicable COS
Event Reporting Guidelines established by the Boeing-FAA COS Working Agreement.’”® For
customer reports of events in their fleet, Boeing service engineers, who receive annual COS
evaluation training, review incoming messages from operators to determine whether an event
is potentially COS reportable (pCOSP) under the COS Event Reporting Guidelines.”! Events
identified as potentially COS reportable are sent to Boeing’s Airplane Safety Engineering
(ASE) team, who are specifically trained on the COS Process, for a final determination of COS
reportability.”” Notice of all COS-reportable events is provided to the FAA. ASE evaluates
whether each COS-reportable event represents a Potential Safety Issue (PSI) that should be
submitted to the FAA and Boeing Safety Processes for further evaluation.” This is done by
applying the criteria from the Screening Guidelines for Potential Safety Issues in the COS
Working Agreement.”* Meeting those guidelines does not mean that the event or issue is a
Safety issue. That is determined through the Safety Process based on analysis of the associated
facts and data.”> However, the outcome of ASE’s PSI analysis (that is, whether an event is a
PSI) is reported to the FAA.”® If an event is designated a PSI, it undergoes additional technical
and risk analysis, then it is presented to a Safety Review Board, which determines whether the
event is designated “Safety” or “Not Safety.” That determination is reported to the FAA along
with analysis supporting the Safety Review Board’s conclusion.”” The FAA has the
opportunity to attend Safety Review Board meetings and the ability to disagree with the Safety
Review Board’s conclusion. The FAA may also independently determine that any event is a
Safety Issue through its own Corrective Action Review Board process. For issues determined
to be Safety, Boeing and the FAA work cooperatively to develop and release to the fleet
appropriate corrective action.”®

% NTSB Public Hearing Draft Transcript, May 19, 2026, at 175:14-177:24

70 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 7; NTSB Public Hearing Draft Transcript, May 19, 2026, at 206:25-207:4.

7I'NTSB Public Hearing Draft Transcript, May 19, 2026, at 206:19-24; 255:3-8.

72 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 7; NTSB Public Hearing Draft Transcript, May 19, 2026, at 206:25-207:4, 272:17-
25.

73 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 7; NTSB Public Hearing Exhibit 7S, Structures Exhibit, Excerpts from FAA-
Boeing Unified September 2016 COS Working Agreement, Appendix 2.

74 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 12; NTSB Public Hearing Exhibit 7S, Structures Exhibit, Excerpts from FAA-
Boeing Unified September 2016 COS Working Agreement, Appendix 2.

75 NTSB Public Hearing Draft Transcript, May 19, 2026, at 200:21-201:1.

76 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 7.

77NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 7; NTSB Public Hearing Draft Transcript, May 19, 2026, at 207:12-208:1.

78 NTSB Public Hearing Draft Transcript, May 19, 2026, at 208:2-8.
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The COS Process described above is designed to screen thousands of data points received by
Boeing through distinct criteria mutually agreed upon by Boeing and the FAA to identify and
evaluate potential safety 1ssues. Figure 1 shows the number of customer communications
Boeing receives across the entire Boeing fleet, evaluates for COS reportability, and the metrics
at each stage of the COS Process for a typical year.

~80 Safety
Issues

~800 PSI

~3,500 COSP

~4,000 pCOSPs

~150,000 BCS Cases

Figure 1: Boeing COS process’ screening and evaluation metrics for a typical year

Over the years, the COS Process has been revised to clarify reporting guidance and help
improve safety by incorporating learnings to enhance effectiveness, thereby allowing the FAA
to focus efforts on unsafe items and efficiently address items that are not unsafe.” As the FAA
and Boeing have grown their understanding of potential in-service safety issues, the range of
reportable events has expanded,®® and reporting criteria have been refined to better reflect

7 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slides 3-4; NTSB Public Hearing Draft Transcript, May 19, 2026, at 284:13-19

80 NTSB Public Hearing Draft Transcript, May 19, 2026, at 195:6-11.
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reported issues.®! Boeing also put in place an Airplane Safety Engineering team consisting of
experts in the COS Process to perform COS reportability and PSI evaluations and an Airplane
Safety Analytics team to look for trends.®?> The COS Process was revised to shorten evaluation
timeframes, improve tracking of events through the process, and expedite presentation of
potential safety issues to the Safety Review Board.®* The COS Process was also revised to
include additional opportunities to document and analyze reported issues, including an initial
service engineering flag of incoming events as potentially COSP-reportable (pCOSP), as well
as a formalized “safety lessons learned” process following a Safety issue determination. 34
Boeing also developed an annual COS Process training program that includes instruction to
report and track repeat events.®

After the public hearing, the NTSB formed an investigation working group dedicated to the
COS Process, which is intended to help gain additional understanding across hearing
participants. Boeing looks forward to supporting the COS working group with additional
factual information.

2007 Operator Report and Subsequent Boeing Actions and Fleet Communications

In September 2007, Boeing received a report from an MD-11 operator that it had “found a
broken bearing on wing to pylon attachment (pylon #3).”’%¢ This report was identified as a
COS-reportable item and was entered into Boeing’s COS system and reported to the FAA.%’
After the event was entered into Boeing’s COS system, the operator notified Boeing that a
crack was found in one of the lugs after the bearing was removed. Over the next nine months,
Boeing collected additional data from the airplane’s operator and obtained the broken bearing
to perform additional testing and generate an internal laboratory report.®® Based on the
information available to it, the Safety Review Board determined that the event did not meet the
criteria for a Safety issue.®® Boeing has not located evidence that the Safety Review Board
reviewed evidence of the cracked lug as part of its analysis.

In parallel, Boeing published Service Letter MD-11-SL-54-104. The Service Letter stated that
this was not a safety issue, discussed the 2007 event and Safety Review Board finding,

supplied a schematic and photographs of the migrated outer race reported by the operator, and
recommended enhanced inspections of the wing pylon aft bulkhead spherical bearing to detect

81 NTSB Public Hearing Draft Transcript, May 19, 2026, at 195:11-197:3.
82 NTSB Public Hearing Draft Transcript, May 19, 2026, at 226:2—14; 245:4-14; 272:18-25.
83 NTSB Public Hearing Draft Transcript, May 19, 2026, at 222:23-224:4.

8 NTSB Public Hearing Exhibit 7T, Boeing Continued Operational Safety (COS) Overview Slides for NTSB
Investigative Hearing, at Slide 7.

85 NTSB Public Hearing Draft Transcript, May 19, 2026, at 255:3-11; 253:25-254:4.

8 NTSB Public Hearing Exhibit 7F, Structures Group Chairman’s Factual Report Attachment 5, MD-11 Fleet
Findings, at PDF page 8.

8 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.3.3.

8 NTSB Public Hearing Exhibit 7Y, Structures Exhibit, Boeing Materials and Process Engineering Report LR-
16256.

8 NTSB Public Hearing Exhibit 7F, Structures Group Chairman’s Factual Report Attachment 5, MD-11 Fleet
Findings, at PDF Pages 10, 14.
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migration of the bearing outer race. Boeing later incorporated the enhanced inspections into a
July 2008 revision to the AMM.*° The revised AMM stated as follows:

AMM 54-51-06-200-803 4.E. Procedure - Wing-Pylon Aft Spherical Bearing In
Service Inspection

(1) Do an in-service inspection of the aft spherical bearing for movement as
follows (Figure 601):

(a) Examine the spherical bearing (1) to make sure that the outer race (3) of
the bearing has not changed position.

1) Movement of the spherical bearing is shown by movement of the
outer race (3) protruding forward or aft beyond the surface of the
lug (2) of the aft bulkhead.

(b) Make sure that the spherical bearing does not touch the lugs of the wing
clevis fitting (4).

(2) If the aft spherical bearing has moved and is not flush in relation to the
bulkhead lug, replace the aft spherical bearing.

(3) Examine the lugs and the spherical bearing for corrosion and damage. If
necessary, replace the aft spherical bearing.”"

The procedure was effective for identifying bearing migration.®? Subsequent bearing failures
in the fleet were identified through regular inspections by operators, and in at least one
instance the associated operator report referenced Service Letter MD-11-SL-54-104.%

Boeing subsequently completed the design of new spherical bearings (part numbers S00399-
523 and -525).%* On February 7, 2011, Boeing published an amendment to the above Service
Letter, Service Letter MD-11-SL-54-104 and a Multi Operator Message. >

% NTSB Public Hearing Exhibit 11 W, Maintenance Group Chairman’s Factual Report Attachment 22, Service
Letter MD-11-SL-54-104.

%I NTSB Public Hearing Exhibit 11AB, Maintenance Exhibit AMM 5451-060200-801, at PDF Pages 7-8.
92 NTSB Public Hearing Draft Transcript, May 19, 2026, at 422:17-423:3, 423:20-424:20.

93 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Sections E.3.5-3.10; NTSB
Public Hearing Exhibit 7F, Structures Group Chairman’s Factual Report Attachment 5, MD-11 Fleet Findings, at
PDF Pages 20-26, 30-31, 33, 36, 38.

9% NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Section E.4.3.

9 NTSB Public Hearing Exhibit 7A, Structures Group Chairman’s Factual Report, Sections E4.3-4.5; NTSB
Public Hearing Exhibit 7G, Structures Group Chairman’s Factual Report Attachment 6, Boeing Communications,
PDF Pages 15-25.
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KNOWLEDGE GAINED DURING THE INVESTIGATIVE HEARING (Findings)
The following knowledge gained is pertinent to drawing conclusions:

The design of the MD-11 wing pylon was based on the design of the DC-10 wing pylon.
While the MD-11 pylon structure was certified as a damage tolerant design, McDonnell
Douglas exceeded regulatory requirements by further requiring Rohr to design the structure to
be fail-safe (an original certification requirement of the DC-10 wing pylon).

The MD-11 aft bulkhead design improved on the DC-10 design. This included use of a
grease-lubricated spherical bearing that was developed following issues with the monoball
spherical bearing originally designed for the DC-10. Fatigue testing on the DC-10 pylon
attach joint using the redesigned bearing revealed no findings in any component of the
assembly through 84,000 cycles.

Certification analysis and testing of the MD-11 wing pylon concluded that there would be no
detrimental permanent deformation of the pylon structure under design limit loading
conditions. Static stress and fatigue analyses determined the pylon was able to maintain limit
load conditions for 84,000 cycles, or 2.8 times the aircraft’s design lifetime.

Rohr surveyed the MD-11 pylon structure and identified the aft bulkhead lugs as PSEs, but
not the spherical bearing, because failure of the bearing was not expected to increase stress on
the aft bulkhead lugs nor result in catastrophic failure of the airplane. Fatigue analysis
performed in certification determined that under normal loading conditions, a hypothetical
crack in the lugs would not initiate until 87,800 flight cycles. Using a conservative fatigue
scatter factor of 3, this calculation was used as part of the damage tolerant certification to set
the ALI inspection threshold of the lugs at 29,260 cycles. The threshold was initially capped
at 19,900 cycles to satisfy an FAA requirement that PSEs receive an inspection before the
DSO of the aircraft at 20,000 cycles. Subsequent analysis resulted in the FAA approving the
extension of the ALI inspection threshold to the original value of 29,200 cycles.

The MD-11 design incorporated lessons learned from prior service history, including
incorporating NTSB recommendations that were made after DC-10 accidents in 1979 and
1989. These improvements included increased resiliency of the leading-edge slat system to
hydraulic failures and increased availability of command signals to the wing fuel valve
upstream of the engine, among others.

Regulations require design consideration for an engine breakaway in ground conditions
resulting from a hard landing or wheels-up landing to ensure airplane occupants have a
reasonable chance of escaping serious injury. For those scenarios, the MD-11 design protects
the integrity of internal wing fuel tanks and the engine fuel feed system so that the spillage of
enough fuel to constitute a fire hazard will not occur. There are no design requirements for
safe in-flight separation of the engine; instead, the design focus for takeoff and in-flight
conditions is to keep the engine and pylon attached to the aircraft. Airborne separation of an
engine or engine/pylon assembly is mitigated through structural design requirements like fail-
safe and damage tolerance as well as the structural maintenance program.

Structural assemblies like the MD-11 wing pylon are designed to remain airworthy with the
application of ALI procedures. Boeing’s MPD and AMM provide recommendations that
operators can use to create their own maintenance planning documents and maintenance
procedures in coordination with their regulators.

Boeing maintains contact with its fleet operators through the use of the Boeing
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Communication System (BCS), Fleet Team engagements, and other points of contact.
Reports from fleet operators are used to inform Boeing’s understanding of the performance of
its designs in service, and to identify individual reports for consideration under a formal safety
process that is performed in concert with the FAA.

e Under 14 CFR 21.3, as a type certificate holder, Boeing is responsible for reporting to the
FAA any failure, malfunction, or defect in any product or article. The COS Working
Agreement between Boeing and the FAA provides an acceptable method of compliance for
submitting reports of in-service events. Boeing and the FAA periodically revise and update
the COS Working Agreement.

e A 2008 review of an operator report involving the MD-11 wing pylon aft bulkhead spherical
bearing resulted in changes to Airplane Maintenance Manual (AMM) task 54-51-06 and the
publication of Service Letter MD-11-SL-54-104, recommending enhanced inspections of the
wing pylon aft bulkhead spherical bearing and ultimately installation of a new bearing
configuration. Boeing also issued a Fleet Team Digest and held a Fleet Team Meeting on the
same topic.

e The enhanced inspection recommended by the service letter was expected to reliably detect
and identify bearing migration. Some operator reports of bearing migration received by
Boeing after the publication of Service Letter MD-11-SL-54-104 noted the service letter in
their reference sections.

CONCLUSIONS

Boeing continues to support the NTSB in its active investigation into this accident. Boeing
withholds its consideration of investigative conclusions until all factual information has been
obtained by the investigation.

BOEING ACTIONS
As aresult of this investigation, Boeing has:

e In partnership with the FAA, recommended the grounding of the MD-11 and DC-10
fleets until certain key structural findings could be evaluated and mitigated.

e Re-evaluated key structural aspects of the MD-11 and DC-10 wing pylons, including all
pylon structure attach points, reviewed all 7 Series models, and reviewed spherical
bearings and back-to-back structure lugs in similar designs.

e Issued repair instructions to operators along with an updated inspection and maintenance
program for the wing pylon aft bulkhead and spherical bearing installation.

e Designed a new bearing for the MD-11, which is treated functionally as a PSE, with a
4,000-cycle life limit.

e Implemented new training for service engineers and other customer-facing roles dealing
with COS reporting criteria.

e Improved COS event tracking to ensure repeated events are made part of trend analysis
for rate-based safety decisions.
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