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Equipment Quality Analysis Report 

Boeing Commercial Airplanes 

TO: Air Safety Investigations (ASI) 

EQA NUMBER: 

DATE: 

MODEL NUMBER: 

AIRPLANE NUMBER: 

13328 

January 20, 2022 

777-200

N772UA, WA005, Serial Number 26930 

SUBJECT: Right Engine Fan Blade Out and Inlet/Fan Cowl Departure­

Examination of recovered Inlet Cowl, Fan Cowls, and Thrust 
Reversers 

IDENTIFICATION: Part name: Inboard Thrust Reverser (left) 
Boeing part number: 315W3001-3AA 
Serial number: 000002 
Supplier: Boeing 

Part name: Outboard Thrust Reverser (right) 
Boeing part number: 315W3001-4AA 
Serial number: 000002 
Supplier: Boeing 

Part name: Inlet Cowl 
Boeing part number: 3143080-12 
Serial number: 000190 
Supplier: Boeing 

Part name: Fan Cowl Inboard (left) 
Boeing part number: 314W3110-45 
Serial number: 000002 
Supplier: Boeing 

Part name: Fan Cowl Outboard (right) 
Boeing part number: 314W3110-4AA 
Serial number: 000002 
Supplier: Boeing 
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 Part name: Fan Cowl Support Beam 
 Boeing part number: 314W3310-2AA  
 Serial number: 000010 
 Supplier: Boeing 

 
 Part name: Door Assembly, Center Latch Access 
 Boeing part number: 315W3429-9  
 Serial number: Unknown 
 Supplier: Boeing 

 
 
REFERENCES: (a) National Transportation Safety Board (NTSB) I.D. 

DCA21FA085. 
 
 
  BACKGROUND: 
 
As reported in the reference (a) NTSB case number, on Feb 20, 2021, a United Airlines 
(UAL) 777-200, variable number WA005, experienced a fan blade out (FBO) engine 
failure of the right engine while on climb out from Denver International Airport (DEN). 
 
Under direction of the US National Transportation Safety Board (NTSB), Boeing Air 
Safety Investigation (ASI) requested Boeing Equipment Quality Analysis (EQA) to 
facilitate the visual examination and damage documentation of engine nacelle structure 
and components recovered from the airplane and from various locations on the ground 
near DEN.  
 
Airplane WA005 was delivered on September 29, 1995, and was reported to have 
accumulated approximately 96,975 hours and 17,784 cycles at the time of the engine 
failure. 
 
 
  SUMMARY: 
 
EQA completed photo-documentation and reconstruction of the engine nacelle structure 
and components as authorized by the NTSB through Boeing ASI.  
 
Boeing Research and Technology (BR&T) performed material, metallurgical and 
thermographic analysis of materials related to the event as requested by the NTSB 
Airworthiness Group. 
 
All details of the examination were shared with the investigative team.  
 
 
  EXAMINATION: 
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Five crates were shipped to a Boeing facility near Seattle, WA. Examination of the 
supplied parts commenced on March 11, 2021 under direction of the NTSB 
Airworthiness Group. 
 
Photo documentation in this report shows reconstruction and examination of the 
supplied parts using a positional reference of aft looking forward with 12:00 at the top 
and 6:00 at the bottom, as seen in Figure 1. 
 

 
Figure 1: Positional reference 
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  EXAMINATION, INLET COWL: 
 
Inlet cowl parts and fragments were received in three crates as seen in Figure 2, Figure 
3, Figure 4, and Figure 5.  
 

 
Figure 2: Inlet cowl crate as arrived at Boeing. 

 

 
Figure 3: Inlet cowl crate and (2) crates containing various parts upon arrival at Boeing. 
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Figure 4: Parts as arrived at Boeing. 

 

 
Figure 5: Parts as arrived at Boeing. 
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Figure 21: Data tag for outboard fan cowl 

assembly.  
Note: Data tag for inboard fan cowl assembly was 

not recovered. 

 
Figure 22: Data tag for fan cowl support beam 

assembly. 
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Figure 35: Thrust Reverser nomenclature (Left and Right sides). 

 

 
Figure 36: Thrust reverser fixed structure nomenclature 

(left side). 

 
Figure 37: Thrust reverser translating 

sleeve (left side). 
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Figure 38: Outboard thrust reverser, condition as uncrated (view forward looking aft). 

 

 
Figure 39: Outboard thrust reverser hinge beam and translating sleeve (view looking down). 
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A large section of the translating sleeve was recovered from the incident location. In its 
installed location the part was located at the lower translating sleeve in the 6:00 to 4:00 
position. Figure 46 and Figure 47 show the translating sleeve fragment outer and inner 
surfaces, Figure 48 shows the translating sleeve section near the installed location. 
 

 
Figure 46: Translating sleeve separated from outboard thrust reverser, outer surface. 

 

 
Figure 47: Translating sleeve separated from outboard thrust reverser, inner surface. 
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Figure 53: Outboard thrust reverser, inner barrel from 1:00 to 3:00. 
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Figure 66: Inboard thrust reverser, condition as uncrated (view forward looking aft). 

 

 
Figure 67: Inboard thrust reverser hinge beam, showing damage to translating sleeve and cascades 

(view looking down). 
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Figure 76: Inboard thrust reverser, inner barrel from 11:00 to 9:00 
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  DISPOSITION: 
 
On August 31, 2021 the inlet cowl lipskin, attach ring and forward bulkhead were 
secured in the inlet cowl shipping crate as seen in Figure 2. The remaining inlet cowl 
parts and and fan cowl parts were packaged in the shipping crates seen in Figure 3. On 
September 1, 2021 both thrust reversers were secured to their respective pallets and 
covers lowered into place as seen in Figure 31 and Figure 32. The subject components, 
in as received shipping containers, are stored in a secure location near Boeing Seattle 
WA, pending instructions from the NTSB for final disposition. 
 

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

Signatures on file. 
 
 
 
ENCLOSURE: 
A. Chemical_analysis_777_NTSB_UAL_investigations 
B. UAL 777-200 FBO Thrust Reverser Fracture Analysis 
C. UAL_investigation_thermography_report 
D. Boeing EQA report AS13354, Backup Generator Material Samples, Denver 

Fan Blade Out Event. 
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Background
UAL experienced a fan blade out (FBO) event on the right engine of a 777-200 WA005. 
Cracking was found in the left and right thrust reverser outer v-blade areas upon 
inspection. Portions of the cracks from the right and left thrust reverser assemblies (P/N 
315W3001-4AA and 315W3001-3AA, respectively) and components from the drain 
access door assemblies (P/N 315W3008-9) were submitted to the BR&T Central 
Fracture Analysis Team for analysis. 

Experimentation and Results 
Upon receipt at the BR&T Fracture Analysis group, the portions of the thrust reversers 
and drain access panel were subjected to the following analyses: 

 Visual examination of the as-received parts.
 Separating of the crack faces when necessary.
 Optical and scanning electron microscopic (SEM) examination of the fractured

surfaces.
 Energy dispersive spectroscopy (EDS) of the access door components to determine

the alloy.
 Hardness and conductivity checks of access door components to determine if

affected by heat from fire.

Figure 1 shows the Right Thrust Reverser (P/N 315W3001-4AA) before sectioning. An 
approximately 1.5 inch crack extended from the edge of the part in the 12:00 region and 
was excised for analysis (Figures 2 – 4). Figure 5 contains SEM images of the fracture 
surface of this portion of the crack. Some portions of the fracture surface were obscured 
by post fracture damage, but in the undamaged area the fracture mode was entirely 
ductile separation, consistent with a single event and showing no signs of fatigue or 
crack advancement after the event. 
Figure 6 shows the Left Thrust Reverser (P/N 315W3001-3AA) before sectioning. 
Significant cracking ran from the edge of the part at the 6:00 position to the 9:00 region 
(Figures 7 and 15) and a smaller crack was identified in the 12:00 location. 
Figures 8 and 9 show the portion excised from the 9:00 location and further cut into nine 
sections for SEM fractography. Figures 10 – 14 show SEM images of the fracture 
surfaces of this portion of the crack. Some portions of the fracture surface were 
obscured by post fracture damage, but in the undamaged area the fracture mode was 
entirely ductile separation, consistent with a single event and showing no signs of 
fatigue or crack advancement after the event. 
Figures 16 and 17 show the portion excised from the 7:00 location and further cut into 
five sections for SEM fractography. Figure 18 shows SEM images of the fracture 
surfaces of the lower portion of Section 1 from this region. The presence of striations on 
the fracture surface confirmed fatigue as the fracture mode in this region, propagating in 
a primarily downward direction. No obvious origins were found at the edge of the part, 
indicating the fatigue may have started at the termination of ductile separation fractures 
or may have been preexisting, but the cleanliness of the fracture surface indicates the 
fracture was a recent occurrence. Figure 19 shows SEM images of the fracture surfaces 

Enclosure B to EQA Report AS13328
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of the upper portion of Section 1 from this region, the fracture mode in this portion was 
entirely ductile separation. 
Figures 20 – 27 show SEM images of the fracture surfaces of Sections 2 – 9 of this 
portion of the crack. Some portions of the fracture surface were obscured by post 
fracture damage, but in the undamaged area the fracture mode was entirely ductile 
separation, consistent with a single event and showing no signs of fatigue or crack 
advancement after the event. 
Figure 28 shows the smaller crack from the 12:00 location excised for examination. 
Figure 29 contains SEM images of the fracture surface of this portion of the crack. 
Some portions of the fracture surface were obscured by post fracture damage, but in 
the undamaged area the fracture mode was entirely ductile separation, consistent with a 
single event. 
Three fractured components from drain access door assembly (P/N 315W3008-9) were 
removed from the structure for further evaluation. All showed significant discoloration 
from heat and/or soot (Figures 30, 32, and 34). SEM fractography confirmed ductile 
separation as the fracture mode in all fracture surfaces in the access door components 
(Figures 31, 33, and 35). EDS was used to check the chemistry of the access door 
components on the fracture surfaces. All were found to be similar to the drawing 
requirements, but did not exactly match the specifications, typical of fracture surfaces 
exposed to temperature and environment. Hardness and conductivity measurements 
were taken of the door components to evaluate the heat treatment. The Latch (P/N 
9476-1) met the drawing requirements for 2024-T3511 aluminum. Both the Gooseneck 
Assembly (P/N 315W3422-12) and Depressor (P/N 315W3419-3) did not meet the 
requirements, which could indicate significant exposure to heat. 

Conclusions 
1. All fractures investigated in this report were composed entirely of ductile

separation fracture mode, consistent with a single event, with the exception of a
region in the Left Thrust Reverser 9:00 position.

2. The fatigue in the Left Thrust Reverser 9:00 position section 1 was located in the
lower region of the fracture and propagated in the down direction.

3. The chemical composition of the components from the drain access door
assembly appear consistent with the alloys specified on the engineering
drawings, but were not exact matches, likely due to the locations of the analysis
on exposed fracture surfaces.

4. The hardness and conductivity of the latch met the requirements of the
engineering drawing. The hardness and conductivity of the gooseneck and
depressor did not meet the requirements, possibly the result of thermal exposure.

5. No other anomalies were observed contributing to the fractures.
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Figure 28. Left Thrust Reverser fracture at the 12:00 clock position after removal. 

Enclosure B to EQA Report AS13328



















Copyright © 2021 Boeing. All rights reserved.

Information

 Fluid ingression inspection performed using a handheld IR camera and a heat gun

 Parts that were clearly just skin or had core with skin  completely removed were skipped

 Locations with suspect indications that could be fluid are circled in red in this 
presentation

Slide 2
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Some FCL 22 
Files 
corrupted

Slide 6
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 On the previous slide there are dark indications as well as a large area that has a clear 
contrast difference line.  This could be due to fluid or a change in core density or skin 
thickness

Slide 17
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  BACKGROUND: 
 
As reported in the reference (a) NTSB case number, on Feb 20, 2021, a United Airlines 
(UAL) 777-200, variable number WA005, experienced a fan blade out (FBO) engine 
failure of the right engine while on climb out from Denver International Airport (DEN). 
 
Under direction of the US National Transportation Safety Board (NTSB), Boeing Air 
Safety Investigations (ASI) requested Boeing Equipment Quality Analysis (EQA) 
facilitate the material analysis of samples removed from the engine examination. 
 
Aircraft WA005 was delivered on September 29, 1995, and was reported to have 
accumulated approximately 96,975 hours and 17,784 cycles at the time of failure. 
 
 
  SUMMARY: 
 
Boeing Research and Technology (BR&T) completed material analysis of the provided 
samples. BUG oil line samples of the white material near the hose connector were 
consistent with magnesium oxidation products. BUG oil line samples of the loose 
material in the hose connector threads were consistent with magnesium oxidation 
products. Gearbox mounted bracket samples of white material were consistent with 
magnesium oxidation products. Loose material samples, referred to by the investigative 
team as “creek rocks,” were most consistent with cast aluminum and aluminum alloys. 
Material samples collected from the four provided electrical connectors were consistent 
with corrosion products and an inorganic silicon compound. 
 
 
  EXAMINATION: 
 
An examination of the supplied parts and samples was conducted at Boeing EQA on 
April 23, 2021, with Boeing ASI, Boeing Propulsion Design Engineering (DE), and BR&T 
Chemical Technology in attendance. An image of the shipping container as received is 
shown in Figure 1. 
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BUG oil lines are shown as received in Figure 4 and Figure 5. 
 

 
Figure 4 – BUG oil lines as received 

 

 
Figure 5 – Bug Oil Lines as received 
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BUG electrical connectors are shown as received in Figure 13 and Figure 14.  

Figure 13 – BUG electrical connectors as received 

Figure 14 – BUG electrical connectors as received 
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  ANALYSIS: 

Chemical analysis completed by BR&T Chemical Technology is contained in 
Chemical_analysis_777_NTSB_UAL_investigations, attached as enclosure A. 

BUG oil line samples of the white material near the hose connector, Figure 6, were 
consistent with magnesium oxidation products. 

BUG oil line samples of the loose material in the hose connector threads , Figure 6, 
were consistent with magnesium oxidation products. 

Gearbox mounted bracket samples of white material, Figure 8 and Figure 9, were 
consistent with magnesium oxidation products. 

Engine oil sump loose material samples, Figure 10, Figure 11, and Figure 12, were 
most consistent with cast aluminum and aluminum alloys.  

Material samples collected from the four provided electrical connectors, Figure 15 and 
Figure 16, were consistent with corrosion products and an inorganic silicon compound. 

The cutout material from the event engine fan case environmental wrap (not pictured in 
this report) was consistent with Kevlar.  Soot sampled on the cutout surface was 
consistent with thermally degraded engine oil. 

  DISPOSITION: 

The subject samples were retained by BR&T Chemical Technology. 
incl 

-------------------- 
The preceding information is being submitted for information purposes.   

Signature on file. 

ENCLOSURE: 

A. Chemical_analysis_777_NTSB_UAL_investigations
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