UNITED STATES AIR FORCE
AIRCRAFT ACCIDENT INVESTIGATION
BOARD REPORT

F-16C, T/N 90-0755

314TH FIGHTER SQUADRON
49TH WING
HOLLOMAN AFB, NEW MEXICO

LOCATION: HOLLOMAN AFB, NEW MEXICO
DATE OF ACCIDENT: 29 OCTOBER 2019
BOARD PRESIDENT: COLONEL JOEL R. DEBOER
Conducted IAW Air Force Instruction 51-307



EXECUTIVE SUMMARY
UNITED STATES AIR FORCE
AIRCRAFT ACCIDENT INVESTIGATION

F-16, T/N 90-0755
HOLLOMAN AIR FORCE BASE, NEW MEXICO
29 OCTOBER 2019

On the evening of 29 October 2019, a flight of three F-16 aircraft departed Holloman Air Force
Base (AFB), New Mexico (NM) at 1826 hours local (L) for a routine night training mission. At
approximately 1906L, the Mishap Aircraft (MA), an F-16C Block 42, tail number (T/N) 90-0755,
assigned to the 314th Fighter Squadron at Holloman AFB, NM, crashed on privately-owned land
approximately 95 miles southeast of Holloman AFB. The aircraft, valued at $24,229,944, was
completely destroyed upon impact. The Mishap Pilot (MP) ejected safely and was recovered by a
United States Army helicopter from Fort Bliss, Texas. Holloman AFB personnel conducted the
environmental remediation of the crash site.

The mishap mission was scheduled as an instructor continuation training sortie to maintain night
vision goggle low-altitude navigation currency. The Mishap Flight (MF) was appropriately
planned on a local low-level instrument route flying over southern New Mexico and western
Texas. All members of the MF were instructor pilots and were current and qualified in all elements
of the mission. Approximately 40 minutes after takeoff, the MA, while flying the number three
position in a trail formation, experienced catastrophic engine failure resulting in an uncontrollable
engine fire at low altitude leading to the MP’s decision to abandon the aircraft.

The Board President found, by a preponderance of the evidence, the mishap was caused by the
catastrophic failure of the engine resulting from the failure to install the 1st Stage Rear Air Seal
during overhaul of the engine’s Inlet Fan Module by depot-level maintenance personnel at Tinker
AFB, Oklahoma in September 2016. Without the 1st Stage Rear Air Seal, the 2nd Stage Fan
Blades eventually migrated forward until the excessive strain of operation resulted in the liberation
of 2nd Stage Fan Blades, leading to a significant loss of thrust, and an uncontained engine fire
fueled by a perforated A-1 fuel tank. Additionally, the Board President found the following
factors, which occurred at the depot-level maintenance, substantially contributed to the mishap:
unqualified and untrained maintenance personnel, lack of supervision, and negligent procedural
practices. The failure to install the Ist Stage Rear Air Seal resulted from a failure to follow
checklist procedures by an unqualified and untrained mechanic who was not under the immediate
supervision of a trainer. The failure was compounded by the mechanic trainee continuing
assembly to a point where proper installation could no longer be verified, yet both the Depot
Maintenance Trainer (DMTr) and Depot Maintenance Employee (DME) stamped completion
anyway. Therefore, I find the DMTr, DME, and Depot Maintenance Trainee were all causal to
the mishap.

Under 10 U.S.C. § 2254(d) the opinion of the accident investigator as to the cause of, or the factors
contributing to, the accident set forth in the accident investigation report, if any, may not be considered
as evidence in any civil or criminal proceeding arising from the accident, nor may such information be
considered an admission of liability by the United States or by any person referred to in those conclusions
or statements.
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SUMMARY OF FACTS
1. AUTHORITY AND PURPOSE

a. Authority

On 1 November 2019, Lieutenant General Marshall B. Webb, the Commander of Air Education
and Training Command (AETC), appointed Colonel Joel R. DeBoer to conduct an Accident
Investigation Board (AIB) for a mishap that occurred on 29 October 2019, involving an F-16C
aircraft, tail number (T/N) 90-0755, approximately 95 miles southeast of Holloman Air Force Base
(AFB), New Mexico (NM) (Tabs K-7, L-141, and Y-3 to Y-4). The investigation was conducted
at Holloman AFB, NM from 6 January 2020 through 31 January 2020. Additionally, the following
members were appointed to support the accident investigation: a Colonel medical member, a Major
pilot member, a Major legal advisor, a Master Sergeant engine technician, a Technical Sergeant
recorder, and a Senior Airman maintenance member (Tab Y-5 to Y-8).

b. Purpose

In accordance with Air Force Instruction (AFI) 51-307, Aerospace and Ground Accident
Investigations, this AIB conducted a legal investigation to inquire into all the facts and
circumstances surrounding this Air Force aerospace accident, prepare a publicly-releasable report,
and obtain and preserve all available evidence for use in litigation, claims, disciplinary action, and
adverse administrative action.

2. ACCIDENT SUMMARY

On the evening of 29 October 2019, the Mishap Aircraft (MA), an F-16C Block 42, T/N 90-0755,
operated by the 314th Fighter Squadron (FS), 54th Fighter Group (FG), departed Holloman AFB
at 1826L for a routine low-altitude night vision goggle (NVG) navigation continuation training
(CT) mission over southern New Mexico and western Texas on instrument route (IR) 192 (Tabs
CC-14, G-5, O-4 to O-5, and R-1.4 to R-1.5). The Mishap Flight (MF) consisted of a flight of
three F-16C aircraft with the MA flying the number 3 position (Tab R-1.5). At 1905L, while on
IR-192 between points “P”” and “Q” and while flying in sensor trail formation of approximately 2-
3 miles separation between each aircraft, the MA experienced catastrophic engine failure resulting
in an uncontrollable engine fire (Tabs J-4 to J-8, O-4, R-2.5 to 2.6, and R-2.32). The Mishap Pilot
(MP) was able to successfully eject before the MA impacted the ground, and the aircraft, valued
at $24,229,944, was completely destroyed (Tabs J-52, 1-6, and R-1.8 to R-1.9 ). The crash site
was located on privately-owned, desert land approximately 95 miles southeast of Holloman AFB
(Tabs L-141 and S-14).
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3. BACKGROUND
a. Air Education and Training Command (AETC)

AETC’s mission is to recruit, train and educate exceptional Airmen (Tab CC-3).
AETC, with headquarters at Joint Base San Antonio-Randolph, Texas, was
established and activated in January 1942, making it the second oldest major 7}
command in the Air Force (Tab CC-3). AETC includes Air Force Recruiting
Service, two numbered air forces and the Air University (Tab CC-4).

The command has more than 29,000 active-duty members, 6,000 Air National Guard and Air Force
Reserve personnel, and 14,000 civilian personnel (Tab CC-4). AETC also has more than 9,000
contractors assigned (Tab CC-4). AETC has approximately 1,400 aircraft operating flights at 12
major installations and supports tenant units on numerous bases across the globe, encompassing
16 active-duty and seven Reserve wings (Tab CC-4).

b. 49th Wing (49 Wg)

The 49th Wing’s mission is to build the backbone of combat airpower by
producing operationally-ready F-16 and MQ-9 aircrew; deploying combat-ready
forces; and enabling Basic Expeditionary Airfield Resources (BEAR) base, Test
Group and other mission partners to succeed. (Tab CC-12) The wing trains MQ-
9 Reaper pilots and sensor operators and F-16 Fighting Falcon pilots (Tab CC-
12). The 49th Wing, through the 49th Maintenance Group, maintains F-16 aircraft operated by
the 314 FS (Tab CC-12 to CC-13).

¢. 314th Fighter Squadron (314 FS)

The 314 FS operates under the 54 FG, assigned to the 49th Wing, at Holloman
AFB (Tab CC-13 to CC-14). The 314 FS’s mission is to produce world class F-
16 pilots for the combat air forces (Tab CC-16).

d. F-16 Fighting Falcon

The F-16 Fighting Falcon is a single-engine, multi-role jet fighter built
by Lockheed Martin Corporation (Tab CC-17 to CC-18). In air-to-air
combat, the F-16’s maneuverability and combat radius exceed that of
all potential threat fighter aircraft (Tab CC-17) In its air-to-surface
role, the F-16 can fly more than 500 miles, acquire its target in all weather conditions, defend itself
against enemy aircraft, and return to its starting point (Tab CC-17) The F-16 can reach speeds up
to Mach 2 (Tab CC-18). The F-16C is the modern, single-seat variant of this proven and versatile
aircraft (Tab CC-18).
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e. Oklahoma City Air Logistics Complex

The Oklahoma City Air Logistics Complex, Tinker Air Force Base, Oklahoma, is
one of the largest units in the Air Force Materiel Command, with a team of over
9,800 military and civilian professionals delivering combat power for America
(Tab CC-20). The complex performs programmed depot maintenance and 0‘2@% T W
modifications on KC-135, B-1B, B-52, E-3 and Navy E-6 aircraft; conducts 4
maintenance, repair and overhaul for F100, F101, F108, F110, F117, F118, F119, F135, TF33
engines; and repairs a wide variety of commodities for the Air Force, Navy, Marine Corps, and
foreign military sales (Tab CC-20 to CC-21). The complex’s 76th Propulsion Maintenance Group
(PMXG) is the Department of Defense’s foremost engine repair and overhaul center (Tab CC-21).
The 76th PMXG performs repairs on various engines and engine assemblies, including the F100
and F110 engines utilized in F-16 fighter aircraft (Tab CC-18 and CC-21).

4. SEQUENCE OF EVENTS

a. Mission

On Tuesday, 29 October 2019, the 314 FS scheduled and authorized the MF’s mission as a three-
ship formation conducting a NVG low-altitude navigation CT sortie (Tabs K-4 to K-5 and AA-4
to AA-5). The sortie was flown solely for IP training and currency with no student syllabus or
upgrade training planned or accomplished (Tab R-1.4 to R-1.5).

b. Planning

The MP arrived at the 314 FS at 1215L for mission planning (Tab R-1.26). The MP was originally
scheduled to lead a two-ship, instructor-only CT sortie (Tab R-1.4 to R-1.5). Approximately one
hour prior to brief time, the MP’s wingman fell ill and was unable to fly (Tab R-1.5 and R-3.7).
As aresult, the MP was rescheduled to fly as number three in another instructor-only CT mission
(Tab R-1.5). The MF members accomplished all required mission planning for their sortie for IR-
192 (Tab R-1.5, R-2.5, and R-3.4). Mission planning included, but was not limited to, checking
notices to airmen (NOTAM) for all applicable airfields, navigational aids and controlling agencies;
scheduling IR-192 with the controlling agency; checking the bird-strike hazard status via the Avian
Hazard Advisory System (AHAS); reviewing weather for all applicable airfields and IR-192;
confirming night illumination data; and preparing required flight materials (Tab R-1.5, R-2.5, and
R-3.4). Of note, the weather was not forecasted to be a factor for the flight, the bird status was
low for the majority of the route and the illumination data revealed high illumination until 1930L
(Tabs F-2, F-6, and O-3). All three pilots completed an operational risk management (ORM) form,
which is used to rate the level of risk for the particular flight, and was signed off by the appropriate
level of supervision based on the risk level (Tab AA-5). The MP’s ORM was rated as low risk
(Tab AA-5).

c. Preflight

At 1550L, the mishap flight lead (MFL) conducted the flight briefing and covered all required
items for the sortie during the allotted brief time (Tab R-2.5, R-2.13, and R-2.14). The mishap
flight members stepped to their respective jets at approximately 1725L, started engines at 1740L,
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and taxied at 1755L (Tab O-5). The MFL’s aircraft was configured with a centerline external fuel
tank, training air-to-air missiles and an air combat maneuvering instrumentation (ACMI) pod (Tab
AA-4). The Mishap Wingman’s (MW) and MP’s aircraft were both configured with air-to-air
training missiles and an ACMI pod (Tab R-1.5, AA-4). Throughout the planning and preflight
portion, the pilots noted no significant abnormalities and viewed their mission preparation time as
sufficient (Tab R-1.11, R-2.5, R-2.10, and R-3.18).

d. Summary of Accident

At 1826L, the MF departed Holloman AFB on a radar-assisted trail departure in which each
subsequent aircraft maintained 2-3 miles separation (Tabs O-5, R-2.5 to R-2.6, R-2.32 and BB-4
to BB-5). The MF departed to the northeast, entered IR-192 and flew the first 16 points of the
route without incident (Tab R-1.6, R-2.6, R-2.15 and R-3.5).

Between points “P” and “Q”, the MP felt a significant loss of thrust followed by the near
simultaneous illumination of the engine fire light, engine overheat light and engine light with
associated high engine temperatures (Tabs J-6, O-4, R-1.6 to R-1.7, and R-2.6). The MP retarded
the throttle to Idle and started a slight climb (Tabs J-6 and R-1.7). Simultaneously, the MP made
a call on the Very High Frequency (VHF) radio to cease tactical maneuvering (Tab R-1.7). This
radio call was not heard by the MFL and MW, mostly likely due to the momentary power
disruption during engine spool down as the main and standby generators fell offline and the
emergency generator being not yet operational (Tabs J-9 to J-10, R-1.8, R-2.6, and R-3.5). Engine
rollback and fire indications continued, and the MP applied the airstart procedures by placing the
throttle to Off and then back to Idle (Tab R-1.7).

At approximately 19061, with the MA’s engine not recovering and the MP noticing a glow from
the engine fire behind him, the MP continued climbing, made a radio call on the Ultra High
Frequency (UHF) radio saying “three’s getting out, three’s getting out,” and subsequently ejected
(Tabs J-7, R-1.8, and R-1.16 to R-1.17). Upon hearing the MP’s UHF transmission, the MFL and
MW commenced a turn toward the MP’s location (Tab R-2.6). During the turn, the MFL noticed
the MA was on fire prior to impacting the ground, which was confirmed by Witness Bystander
(Tab R-2.6 and R-4.2).

e. Impact

The MA impacted the ground in a dry lakebed, approximately 95 miles southeast of Holloman
AFB and was destroyed (Tabs 1-6, J-4, and L-141).

f. Egress and Aircrew Flight Equipment (AFE)

The MP ejected safely at 200 knots ground speed and 6,500 feet mean sea level (MSL), which was
approximately 2,200 feet above ground level (AGL) (Tabs J-4 and R-1.8). An Air Force Life
Cycle Management Center comprehensive evaluation of all components of the ejection sequence
showed the ejection event was successful with only minor issues identified (Tab J-63 to J-64).
According to the report, the minor issues did not affect the MP’s ejection sequence (Tab J-63 to J-
64).
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g. Search and Rescue

The MFL and MW immediately began orbiting over the location of the MA’s impact and contacted
an Air Traffic Controller (ATC) at Albuquerque Center to begin search and rescue efforts (Tab R-
2.6 to R-2.7). A few minutes after ejection, the MP made radio contact with the MFL, confirmed
the MP’s physical condition (minimal injuries), identified the MP’s approximate location, and
gathered coordinates to pass to search and rescue assets (Tab R-2.7 to R-2.8). Albuquerque Center
contacted Holloman Command Post and started the process of getting search and rescue assets to
the MP’s location (Tab R-2.8). The MFL and MW remained over the MP’s location until they
passed on-scene commander duties to another flight of four F-16s from Holloman AFB prior to
returning to base (Tab R-1.10 and R-2.9). The MP was on the ground for approximately an hour
and a half before search and rescue assets from Biggs Army Airfield could reach the MP’s location
(Tab AA-15). Once the UH-60 helicopter arrived, the recovery and transportation of the MP to
the local regional military trauma medical center occurred without incident (Tab R-1.11).

h. Recovery of Remains

Not applicable.
5. WING-LEVEL MAINTENANCE

a. Forms Documentation

Collectively, the Air Force Technical Order (AFTO) 781-series forms capture maintenance
actions, inspections, servicing, configuration, current status, and flight activities for an aircraft
(Tab D-2 to D-24).

The Integrated Maintenance Data System (IMDS) is an electronic database used to track
maintenance actions, flight activity, schedule future maintenance and serve as a collective history
of maintenance actions (Tab U-69).

Upon review of the aircraft AFTO 781 forms and IMDS, there were no overdue inspections or
open Time Compliance Technical Orders (TCTO) that would prohibit the MA from flight
operations (Tab D-16 to D-23). IMDS data review, covering a 180-day period prior to the mishap,
showed maintenance was properly documented in accordance with (IAW) applicable directives
(Tab U-69). The MA had no significant repeating nor recurring maintenance issues (Tab U-69).
The maintenance forms contained only one discrepancy in that the MA was released for flight
earlier on 29 October 2019; however, the release was voided for a 30-day gun inspection and
subsequently needed to be re-released following the inspection (Tab D-9 and D-12). There is no
evidence to suggest that this discrepancy was a factor in this mishap.

All required maintenance actions were completed IAW AFTO 00-20-1 Aerospace Equipment
Maintenance Inspection, Documentation, Policies and Procedures (Tab U-69).

b. Inspections

All the scheduled inspections required for the MA were documented properly IAW applicable
technical orders (TO) (Tab D-2 to D-23). On 25 October 2019, qualified personnel performed an
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inspection of the aircraft’s fire and overheat detection system with no discrepancies noted (Tab U-
69). On 29 October 2019, maintenance personnel properly completed the preflight and walk-
around inspections prior to takeoff IAW 1F-16CG-6 Combined Preflight/Postflight, End-of-
Runway, Thruflight, Launch and Recovery, Alert Inspections, Quick Turnaround, Basic Postflight
and Walk-Around Before First Flight of Day Inspection (Tab D-2 to D-13). The preflight
inspections included the following actions:

1) Qualified crew chief completed the required Basic Postflight/Preflight inspection with
no discrepancies noted (Tab D-12)

2)  Qualified weapons technician completed the Post-Load inspection with no
discrepancies noted (Tab D-8).

3) Qualified ground crew personnel completed nitrogen, tire pressure, and aircraft power-
on checks with no discrepancies noted (Tab D-8 to D-9).

¢. Maintenance Procedures

No evidence indicates any local maintenance procedures contributed to the mishap (Tab D-2 to D-
23).

d. Maintenance Personnel and Supervision

No evidence indicates that local maintenance personnel or supervision contributed to the mishap
(Tab D-2 to D-23).

e. Fuel, Hydraulic, Oil and Oxygen Inspection Analyses

Post-mishap analysis of the fuel, oil, and oxygen from the local ground support equipment showed
no abnormalities (Tab D-25 to D-27). The analysis of hydraulic fluid from the servicing equipment
revealed one abnormality in evaporation loss at .5% above tolerances (Tab D-27). No evidence
suggests that this abnormality on the hydraulic servicing equipment had any impact on the mishap.

f. Unscheduled Maintenance

Review of local maintenance in the AFTO 781A forms revealed no link between unscheduled
maintenance and the mishap (Tab D-2 to D-23).

6. AIRFRAME, MISSILE, OR SPACE VEHICLE SYSTEMS
a. Structures and Systems
(1) Aircraft Condition

Prior to the mishap, the MA was fully mission capable with no discrepancies effecting safety of
flight (Tabs D-2 to D-23 and U-69). At the time of the mishap, the MA had 591 hours engine
operating time (EOT) since depot-level maintenance on the engine inlet fan module (IFM) (Tabs
U-3 to U-67, U-69, and DD-4). Prior to impact, the MA’s emergency systems were functioning
as intended (Tab J-10).
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The aircraft received overwhelming damage upon impacting the ground and during the subsequent
post-impact fire (Tab S-4 to S-5). The recovery team retrieved mainly fragmented portions of the
MA’s airframe and systems, yet portions of the aft fuselage and engine were mostly intact (Tab S-
5 to S-6). The right side nacelle ejector barrier and the fire/overheat detection system, which are
integral components of the fire protection system, showed burn damage indicative of a fire in flight
(Tabs J-8 and Z-3 to Z-4).

(2) Engine

The MA was equipped with a single F100-PW-220 engine — a low bypass ratio, high compression
ratio, twin spool turbofan engine with a mixed flow augmentor (Tab DD-3). The engine consists
of six major modules: the Inlet Fan Module (IFM); High-Pressure Compressor (HPC); High-
Pressure Turbine (HPT); Fan Drive Turbine (FDT), also known as the Low Pressure Turbine
(LPT); augmentor; and gearbox (Tab DD-3). The Mishap Engine’s (ME) serial number was
PWOE703474 and had accrued 4437.8 hours of engine flight time (Tab D-14 and D-15). The ME
had 15.1 hours remaining until its next scheduled 100-hour inspection, 18.1 hours until its next
scheduled 200-hour engine inspection, and 29.1 hours until its next scheduled 400-hour engine
inspection (Tab D-15 and D-23). The ME’s last depot-level module overhaul was on the IFM,
which was completed in September 2016 (Tab U-3 to U-67).

Figure 1 — F100-PW-220 Diagram (Tab Z-6)
(3) Aft Fuselage

The aft fuselage assembly extends from behind the aircraft’s mid-point to the aft end of the
fuselage (Tab BB-7 to BB-8). A titanium shield, installed over the hottest section of the engine in
the upper aft nacelle cavity, provides temperature protection for the basic aircraft structure and
hardware (Tab BB-7 to BB-8). This protective armor plate guards against fuel tank damage in the
event of engine fan failure (Tab BB-7).

(4) Fire Protection System

The fire protection system consists of the nacelle ventilation system, fuel tank inerting system, and
the engine fire and bleed air overheat detection systems (Tab BB-8). The fire and overheat
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detection systems provide a means of sensing a fire or overheat condition and displaying a visible
warning to the pilot (Tab BB-8). Upon sensing temperatures in the engine compartment exceeding
established temperatures, for overheat or fire condition respectively, the system illuminates the
appropriate overheat or fire warning lights in the cockpit (Tab BB-8).

(5) Inlet Fan Module

The IFM is the most forward module of the F100-PW-220 turbo fan engine, which includes the
Ist, 2nd, and 3rd stage rotors and stators (Tab DD-5 and DD-6).

Inlet Module

2nd stagéel
3rd stage

Figure 2 - IFM Diagram (Tab Z-7)

b. Evaluation and Analysis
(1) Fire Protection System

During the mishap, the MP recognized the illumination of the fire warning and engine light (Tab
R-1.7). Additionally, the Crash Survivable Flight Data Recorder (CSFDR) indicates the
illumination of the engine overheat light near simultaneously with the first indication of an engine
malfunction (Tab J-6 and J-8).

(2) Aft Fuselage

The right side of the aft fuselage, which houses electrical harnesses essential to operation of the
horizontal stabilizer and flaperon integrated servo actuators (ISA), showed consistent and
progressive failure indicative of an inflight fire (Tab J-6 to J-8). Additionally, the aft fuselage heat
shielding and the nacelle ejector barrier showed significant fire damage consistent with an inflight
fire (Tabs J-8, S-5, and Z-3 to Z-4).

(3) Engine

A post-mishap engine bay analysis by the Air Force Research Laboratory confirmed at least two
panels were impacted by metal fragments (Tab J-16 to J-17). The first panel was impacted by
fragments of IN-718 alloy, which is found in the 8th thru 11th Stage HPC Blades (Tab J-17). The
second panel was impacted by both titanium and stainless steel fragments and had a strong odor
of jet fuel likely from penetration of the A-1 fuel cell (Tab J-16 and J-17). The most likely source
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of the titanium is Ti-8-1-1 (titanium alloy) from either the 1st through 3rd Stage Fan Blades or the
6th Stage HPC Blades (Tab J-17 and J-28). The source of the stainless steel fragment remains
undetermined (Tab J-17).

Panel A

TTTTAEETA T T  D T P TT s T T T
o 71 8 9 o i wlz 3 1‘4 s 6 a7 18 e 20 2 22 1.1;} 24 25 26 27 23 2
% At RXS

Panel B e

PTPTREFTIS T e T iy RN
T T T di7. g o

Figure 3 — Impacted MA Panels (Tab J-20)

(4) Inlet Fan Module (IFM)

According to analysis performed by Air Force Life Cycle Management Center and Pratt and
Whitney, the recovered IFM demonstrated damage consistent with liberation of the 2nd Stage Fan
Blades of which nine were never found (Tab DD-9). Although all other air seals were found in
the wreckage, the 1st Stage Rear Air Seal was never recovered (Tab DD-8 to DD-10). There were
no apparent witness marks on the 2nd Stage Fan Hub radial interface that mates with the 1st Stage
Rear Air Seal (Tabs J-74 and DD-29). The dry lubricant on the mounting holes was undisturbed
and had no apparent witness marks on the 2nd Stage Fan Disk Forward Balance Flange from pins
and collars that would have been installed during assembly or been forcefully removed during
ground impact (Tabs J-74, DD-26, and DD-29 to DD-30). There were no apparent witness marks
on the forward face of the 2nd Stage Fan Disk Blade Root Platforms from contact with the 1st
Stage Rear Air Seal (Tabs J-74 and DD-30). Additionally, analysis showed the 2nd Stage Fan
Blades migrated forward as far as .4 to 1.0 inches (Tabs J-74 and DD-9). The 2nd Stage Fan Disk
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exhibited multiple lug fractures due to tensile and shear overstresses from the blade forward

& Example witness marks
from pins and collars

migration (Tabs J-74, DD-9, and DD-30).

Figure 4 — Example Witness Marks from 1st Stage Rear Air Seal off a normal 2nd Stage Fan
Disk Forward Balance Flange [not mishap engine] (Tab J-42)

Lack of witness marks
from pins and collars

". ,‘. ;

Lack of witness marks caused
by 1st Stage Rear Seal |

’-

Figure 5 —2nd Stage Fan Disk Forward Balance Flange from Mishap Engine (Tab J-45)
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Figure 6 — Undisturbed Dry Film Lubricant and Previous Build Witness Mark Remnants on
2nd Stage Fan Disk Forward Balance Flange from Mishap Engine (Tab DD-26)

(5) Engine Maintenance

An engine becomes due for scheduled inspections when it accrues a specific number of flying
hours or Engine Operation Time (EOT), which is tracked by an onboard computer (Tab BB-23).
Scheduled inspections consist of a 100, 200, and 400-hour inspections (Tabs D-23 and BB-23).
At the time of the mishap, all engine inspections were current (Tab D-23). The technical data for
both local flightline and back shop inspections do not call for the verification of the 1st Stage Rear
Air Seal due to its obscured location within the module (Tab BB-23). The sole visual verification
of the ME’s 1st Stage Rear Air Seal was during depot-level IFM overhaul (Tab U-30 and U-31).

(6) Depot Engine Module Maintenance

The engine modules are returned to the engine depot for major repairs or overhaul once reaching
a benchmark of cycle time (Tab BB-23). Overhauls are the most extensive scheduled maintenance
an engine module undergoes (Tab BB-23). The module is disassembled into its basic components
which are subsequently cleaned and inspected (Tab BB-23). If required, the components are
refurbished, repaired, or replaced (Tab BB-23).

Prior to module reassembly, the supply holding area collects and records all required module parts
and places them on a kit cart (Tabs U-70, V-2.29, V-3.12 to V-3.13, V-4.5, V-4.16, and V-5.1).
The kits are distributed to the mechanics for assembly (Tabs U-70, V-2.29, V-3.12 to V-3.13, V-
4.5, and V-4.16). The IFM assembly begins with the installation of weight-matched sets of fan
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blades into the disks by interlocking the mid-span shrouds and tapping blades gently into place,
followed by the applicable air seals, creating a rotor assembly for each stage (Tabs U-3 to U-67,
V-2.12 to V-2.13, V-4.6, and BB-23). Of note, the 1st Stage Rear Air Seal is installed on the front
face of the 2nd Stage Fan Disk and acts as a retainer for the 2nd Stage Fan Blades (Tabs U-30 to
U-31 and DD-8 to DD-9).

At stacking, stator cases are sequentially installed around the corresponding rotor assembly (Tabs
U-47 to U-53, V-2.7 to V-2.10, and V-5.2). After stacking, the combined rotating assembly is
balanced (Tab U-53 to U-62). Once balancing is complete, all remaining components are installed
to complete module assembly (Tabs U-3 to U-26 and V-4.5). The Ist Stage Rear Air Seal is only
accessible and visible until the installation of the 2nd Stage Stator Case during stacking (Tabs U-
30 to U-66, V-3.20, and V-4.19).

A work control document (WCD) synopsizes and documents each step of module assembly (Tabs
U-3 to U67 and BB-9 to BB-11). The maintenance mechanic verifies and documents completion
of each step on the WCD utilizing their individualized stamp (Tabs U-3 to U67, V-2.6, V-3.4, V-
4.4 to V-4.5, and BB-13). According to section 7.4.6.3 of Air Force Sustainment Center Manual
21-102_OC-ALCSUP, Depot Maintenance Management, some crucial steps require an additional
or secondary buy-off, aside from the member performing the maintenance, who verifies the work
was completed properly and also stamps the WCD (Tabs U-30, V-2.14, V-3.9, V-4.7, V-4.10, and
BB-13). During OJT, the trainee performing the maintenance will stamp the far right side of the
step and the trainer will stamp the certification box (Tab U-30, V-2.14, and V-3.4 to V-3.5). Per
Air Force Sustainment Center Manual 21-102, Depot Maintenance Management, use of these
individualized maintenance stamps is mandatory “to certify, by stamping and dating, the work has
been accomplished and completed as required by specified technical data.” (Tab BB-9 to BB-11)

The WCD for the mishap IFM indicates the Depot Maintenance Trainee (DMTe) built the 2nd and
3rd Stage Compressors and Rotor Assemblies by placing the blades onto the compressor hub and
assembled, or “stacked,” the rotors and stators for the 1st and 2nd Stages of the IFM (Tab U-29 to
U-30, U-41 to U-51). During construction of the 2nd Stage Rotor, the part and serial numbers for
the 2nd Stage Air Seal were improperly documented in place of the 1st Stage Rear Air Seal, which
is physically impossible to install in that location (Tabs U-30 to U-31, V-3.15, and V-4.13 to V-
4.14). These actions were signed off by the DMTe on 18 September 2016, but the work was not
verified by the Depot Maintenance Trainer (DMTr) until 19 September 2016 (Tab U-30 to U-31).
Additionally, the Depot Maintenance Employee (DME) did not conduct the second “buy off” until
19 September 2016 (Tab U-30). Several witnesses confirmed the 1st Stage Rear Air Seal would
not be visible after installation of the 2nd Stage Fan Case (Tab V-3.20 and V-4.19).

7. WEATHER

a. Forecast Weather

The 49th Wing weather forecasters provided the mission execution forecast (MEF) for local flights
to the surrounding training areas and ranges (Tab F-2 to F-4). On the night of the mishap, the
forecasted weather for takeoff and low-level route IR-192 was sky condition clear with winds out
of the southwest at 15 knots gusting to 25 knots and 7 miles or greater visibility (Tab F-2 and F-
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4). Additionally, the forecast illumination for NVG training was high illumination for the first
hour after the scheduled takeoff, then transitioning to low illumination at approximately 1930L
(Tab F-6).

b. Observed Weather

The observed weather at Holloman AFB at the time of the mishap was sky condition clear with
winds out of the south at 6 knots gusting to 15 knots and 10 miles or greater visibility (Tab F-16).
The observed weather on IR-192 at the time of the mishap was sky condition clear with winds out
of the west-southwest at 15 knots gusting to 25 knots and 7 miles or greater visibility (Tab F-34 to
F-36). Additionally, the observed illumination for NVG training was assessed to be high
illumination by the aircrew (Tab R-2.6).

¢. Space Environment
Not applicable.
d. Operations

No evidence suggests the MP was operating outside prescribed operational limits with respect to
weather conditions (Tab F-2).

8. Crew Qualifications

The MP was a current and qualified flight examiner in the F-16 at the time of the mishap (Tab G-
4 and G-9). In the F-16, the MP had 1813.1 hours, 553.8 instructor hours, and 7.6 evaluator hours
(Tab G-5). The MP obtained his initial mission qualification in the F-16 on 16 September 2008
and his initial instructor pilot qualification on 6 December 2016 (Tab G-18). The MP maintains a
current Form 8 instrument and mission qualification dated 7 May 2019 (Tab G-18). Finally, the
MP was current and qualified as an instructor in NVGs and was qualified to fly low altitude at
night at the time of the mishap (Tabs G-4 and AA-13).

Recent flight time is as follows (Tab G-5):

MP Hours Sorties

30days | 11.4 8

60 days | 18.9 14

90 days | 36.7 26
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9. Medical

a. Qualifications

Records show the MP was medically-qualified for flight duties at the time of the mishap (Tab X-
3 and X-4). The MP completed the Periodic Health Assessment (PHA) on 14 May 2019 (Tab X-
3 and X-4). A comprehensive review of the medical records identified that the MP has an
indefinite waiver, approved by Headquarters (HQ) United States Air Forces Europe (USAFE) on
22 March 2017, for two conditions that were assessed not to adversely affect the MP’s ability to
perform regular flight duties (Tab X-3).

b. Health

After successfully ejecting, the MP spent approximately one and a half hours on the ground and
was transferred via US Army UH-60 to a local regional military medical center (a level II trauma
center) for evaluation (Tabs R-1.11 and X-3). The medical center’s evaluation concluded the MP
had suffered minimal injury to extremities (Tabs R-1.18 to R-1.20 and X-3). The MP was
discharged for later follow-up at Holloman AFB clinic (Tab R-1.18 to R-1.20). A review of the
MP’s 72-hour and 7-day history revealed the MP to be in good health and uncovered no evidence
of'a medical condition impeding the MP’s ability to perform flying duties prior to the mishap (Tabs
R-1.21 to R-1.32 and X-3). Additionally, review of 72-hour and 7-day histories of the maintenance
personnel showed no evidence of medical conditions that would impede their ability to safely
perform their duties in the days immediately preceding the mishap. (Tab X-3).

c. Pathology

The Defense Health Agency tested blood and urine samples from the MP for carbon monoxide,
ethanol, and intoxicating drugs and tested samples from maintenance personnel for ethanol and
intoxicating drugs (Tab X-5). Carbon monoxide saturation levels for the MP tested within normal
levels, and the test returned negative results for intoxicating drugs and ethanol (Tab X-5). Test
results for maintenance personnel contained no evidence of intoxication prior to the mishap. (Tab
X-5).

d. Lifestyle

No lifestyle factors were identified for the MP or aircraft maintenance personnel that are indicative
of an inability to safely perform their duties (Tab X-3).

e. Crew Rest and Crew Duty Time

Per AFI 11-202, Volume 3, General Flight Rules, dated 10 August 2016, aircrew members require
at least 12 non-duty hours before a Flight Duty Period and an opportunity for at least 8 hours of
uninterrupted sleep (Tab BB-28). Based on the MP’s 72-hour and 7-day history, the MP did not
have any scheduled training or duty during the 12 hours prior to arriving at the squadron on the
day of the mishap (Tabs R-1.21 to R-1.32 and X-3). Similarly, AFI 21-101, Aircraft and
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Equipment Maintenance Management, dated 21 May 2015, limits maintenance members to no
more than 12 hours of continuous duty in a 24-hour period unless given the opportunity for 8 hours
of uninterrupted sleep (Tab BB-26). A review of the 72-hour and 7-day histories for the
maintenance crews found no violation of the duty-hour limitations (Tab X-3).

10. OPERATIONS AND SUPERYVISION

a. Operations

The 314 FS operations tempo was normal (Tab AA-3). The week the mishap took place was the
last of four weeks of night flying for the MP (Tab R-1.5). No evidence indicates that operations
tempo or other operational factors impacted the mishap.

b. Supervision

The mission was authorized by the 314 FS operations supervisor, and a review of flight training
records showed the MP and other flight members were current and qualified to participate in the
scheduled sortie (Tabs G-4, K-4 to K-5 and AA-6 to AA-14). There were minor discrepancies
found on the flight authorization, but no evidence indicates that the supervisory practices or
supervision contributed to the mishap (Tab K-4 to K-5).

11. HUMAN FACTORS ANALYSIS

a. Introduction

The Department of Defense (DoD) Human Factors Analysis and Classification System Version
7.0 (HFACS), defines potential human factors for assessment during a mishap investigation (Tab
BB-17 to BB-18). The DoD HFACS is divided into four main categories: acts, preconditions,
supervision, and organizational influences (Tab BB-18). The DoD HFACS identifies sources of
data for potential human factors such as witness testimony, medical records, toxicology results,
video and audio recordings, and flight reconstructions (Tab BB-17 to BB-22).

b. AE102 Checklist Not Followed Correctly

HFACS code AE102 is a factor when the individual, either through an act of commission or
omission, makes a checklist error or fails to use an appropriate checklist (Tab BB-19).

The WCD from the depot maintenance records and analysis of the aircraft wreckage demonstrate
the checklist for the installation of the 1st Stage Rear Air Seal was not followed correctly (Tabs
U-29 to U-33 and DD-19).

¢. AE103 Procedure Not Followed Correctly

HFACS code AE103 is a factor when a procedure is performed incorrectly or accomplished in the
wrong sequence (Tab BB-19).

The WCD from the depot maintenance records demonstrate that both the DMTr and DME did not
follow proper stamp procedures for accurately verifying the work of the DMTe (Tabs R-2.20, R-
3.5, R-4.18, and U-29 to U-33). The DMTe was allowed to accomplish work unsupervised, with
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the DMTr and DME reviewing work up to a day later (Tabs R-2.20, R-3.5, R-4.18, and U-29 to
U-33). Additionally, delaying work review of the DMTe created a situation in which the DMTr
and DME were unable to verify the failure of the DMTe to install the 1st Stage Rear Air Seal (Tabs
U-30 to U-31, V-3.5, V-3.20, V-3.24, and V-4.19).

d. PC206 Overconfidence

HFACS code PC206 is a factor when the individual overvalues or overestimates personal
capability, the capability of others or the capability of the aircraft, vehicles, or equipment (Tab
BB-20).

Based on review of the WCD, DMTr and DME demonstrated overconfidence in the DMTe to
assemble sections of the IFM without immediate oversight (Tab U-29 to U-33).

e. SV001 Failure to Enforce Existing Rules (Supervisory Act of Omission)

HFACS code SV001 is a factor when operating rules have not been enforced by a supervisor (Tab
BB-21).

Based on interviews and review of the WCD, the DMTe, DMTr, and DME allowed work to
proceed to subsequent steps for the assembly of the IFM before appropriate supervisory review
was accomplished and required documentation stamped (Tabs U-29 to U-33 and V-2.12, V-2.27,
V-3.5, V-4.10).

f. SV004 Authorized Unqualified Individuals for Task

HFACS SV004 is a factor when an individual has not met the general training requirements for
the job or weapon system and is considered noncurrent, but supervision allows the individual to
perform the task (Tab BB-21).

According to WCDs, the DMTe accomplished work on the IFM for the ME on 18 September 2016,
while training records indicate the DM Te was authorized to start OJT for these tasks on 17 October
2016 (Tabs G-46 and U-29 to U-33). Consequently, the DMTe accomplished maintenance before
OJT was authorized per Oklahoma Air Logistics Complex directives (Tabs G-46, U-29 to U-33,
and BB-14). Additionally, based on review of the WCDs and stamp dates, the DMTr allowed the
DMTe to accomplish maintenance unsupervised (Tab U-29 to U-33).

g. OP001 Workload

HFACS code OP0O01 is a factor when the pace of deployments, workload, additional duties, off-
duty education, professional military education (PME) or other workload-inducing conditions of
an individual or unit creates an unsafe situation (Tab BB-22).

During interviews, the DMTr stated the depot engine work was rushed, especially at the end of the
month or around holidays (Tab R-6.19). The reason for this was stated to be the scheduler’s
requirement to produce a specified number of engine modules per month without taking into
account the number of off-days (Tab R-6.19). The DMTr stated this oversight created a necessity
for overtime to complete the number of scheduled IFMs (Tab R-6.19).
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According to interviews, the high demand for [FMs taxed the supply section and created a situation
in which I[FM build kits occasionally did not have all parts included when delivered (Tabs R-6.14,
V-3.14, and V-4.7). As aresult, it is possible the 1st Stage Rear Air Seal was not included in the
build kit for the ME’s IFM assembly (Tabs R-6.14, V-2.29, V-3.12 to V-3.13, and V-4.15).

12. GOVERNING DIRECTIVES AND PUBLICATIONS

a. Publically Available Directives and Publications Relevant to the Mishap

1.
2.

8.
9.
10.
11.
12.

NOTICE:

AFMAN 11-2F-16, Volume 1, F-16 Pilot Training, dated 16 June 2019

AFI 11-2F-16, Volume 1, Air Education and Training Command Supplement, F-16-
Pilot Training, dated 8 January 2016.

AFI 11-2F-16, Volume 3, F-16 Operations Procedures, dated 13 July 2016,
Incorporating Change 1, dated 26 May 2017.

AFI 11-202, Volume 3, General Flight Rules, dated 10 August 2016.

AFI 11-202, Volume 3, Air Education and Training Command Supplement, General
Flight Rules, dated 30 January 2017.

AFI 11-214, Air Operations Rules and Procedures, dated 14 August 2012,
Incorporating Change 1, dated 23 March 2016.

AFI 11-214, Air Education and Training Command Supplement, Air Operations Rules
and Procedures, dated 15 July 2016.

AFI 44-170, Preventive Health Assessment, dated 30 January 2014.

AFI 48-123, Medical Examinations and Standards, dated 5 November 2013.

AFI 51-307, Aerospace and Ground Accident Investigations, dated 18 April 2019.
AFSCM 21-102, Depot Maintenance Management, dated 11 March 2019

AFSCM 21-102, Oklahoma City Air Logistics Complex Supplement, Depot
Maintenance Management, dated 19 September 2018

All directives and publications listed above are available digitally on the Air Force

Departmental Publishing Office website at: http://www.e-publishing.af.mil.

b. Other Directives and Publications Relevant to the Mishap

1.

DoD Human Factors Analysis and Classification System (HFACS) Version 7.0, dated
27 April 2018.

Air Force Tactics, Techniques and Procedures 3-3.F.F-16, Combat Aircraft
Fundamentals F-16, dated 6 October 2017

F-16 Pilot Training Course Lesson Guide, SFO Procedures -L-183, dated 17 July 2015.
F-16 Pilot Training Course Lesson Guide, ECS Introduction Subsystems and
Emergency Procedures-L-160, dated 25 September 2017.

Medical Standards Directory, 10 September 2019.

Air Force Technical Order (TO) 00-20-1, Aerospace Equipment Maintenance
Inspection, Documentation, Policies and Procedures, dated 1 April 2016.
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7. TO 1F-16CG-2-00GV-00-1 General Vehicle Organizational Maintenance Description,
dated 1 December 2019.

8. TO IF-16CG-6WC-1, Combined Preflight/Post-flight, End-of-Runway, Thru-flight,
Launch and Recovery, Alert Inspections, Quick Turnaround, Basic Post-flight and
Walk around Before First Flight of Day Inspection work cards, dated 1 November
2013.

9. TO 1F-16CM-1, Flight Manual USAF Series F-16C and F-16D CCIP Blocks 40, 42,50,
and 52 Aircraft, dated 1 May 2019.

10. TO 1F-16CM-1-1, Supplemental Flight Manual USAF Series F-16C and F-16D CCIP
Blocks 40, 42,50, and 52 Aircraft, dated 1 May 2019

11. United States Air Force School of Aerospace Medicine Waiver Guide, dated 12

December 2019.
DEBOER.JOEL.R.1 Digitally signed by
DEBOER.JOELR.1185951479
185951479 Date: 2020.04.12 17:17:34 -06'00'
10 April 2020 JOEL R. DEBOER, Colonel, USAF

President, Accident Investigation Board
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STATEMENT OF OPINION

F-16, T/N 90-0755
Holloman Air Force Base, New Mexico
29 October 2019

Under 10 U.S.C. § 2254(d) the opinion of the accident investigator as to the cause of, or the factors
contributing to, the accident set forth in the accident investigation report, if any, may not be considered as
evidence in any civil or criminal proceeding arising from the accident, nor may such information be
considered an admission of liability by the United States or by any person referred to in those conclusions
or statements.

1. OPINION SUMMARY

On the night of 29 October 2019 at 1906L, an F-16C Block 42 aircraft tail number (T/N) 90-0755
crashed approximately 95 miles southeast of Holloman Air Force Base (AFB), New Mexico (NM).
This aircraft was operated out of Holloman AFB, NM by the 314th Fighter Squadron (FS), 54th
Fighter Group (FG), assigned to the 49th Wing. The pilot was able to safely eject, but the aircraft
was completely destroyed on impact.

The Mishap Aircraft (MA) departed Holloman AFB at 1826L for a routine mission as part of a
three-ship night instructor continuation training (CT) sortie to maintain night vision goggle (NVG)
and low-altitude navigation currencies on a local low-level instrument route (IR) flying over
southern NM and western Texas. At 1906L, approximately 40 minutes after takeoff, the MA,
while flying the number three position in a trail formation, experienced catastrophic engine failure
resulting in an uncontrollable engine fire at low altitude, leading to the Mishap Pilot’s (MP)
decision to abandon the aircraft. The MP ejected safely and was recovered by a United States
Army helicopter from Fort Bliss, Texas.

2. CAUSE

I find by a preponderance of the evidence, the cause of the mishap was the failure to install the 1st
Stage Rear Air Seal onto the 2nd Stage Fan Disk in the Inlet Fan Module (IFM) during depot-level
maintenance in September 2016. Due to the absence of the 1st Stage Rear Air Seal, the 2nd Stage
Fan Blades eventually migrated forward approximately .4 to 1.0 inches until eventually, after 591
hours of engine operation and under tensile and shear overstresses, both the fan blades and pieces
of the lugs for the compressor disk holding the fan blades in place broke free, resulting in
catastrophic failure of the engine and causing a significant loss of thrust. Additionally, the engine
failure led to an uncontained fire after an unknown number of compressor blades penetrated
through the engine bay heat shield, piercing the A-1 fuel tank. The subsequent fire, fed by fuel
from the perforated A-1 fuel tank, grew uncontrolled leading to numerous failures within the flight
control and hydraulic systems located near the engine.

Post-mishap engine analysis clearly validates the absence of the 1st Stage Rear Air Seal. There
was no evidence of the 1st Stage Rear Air Seal found at the crash site (portions of all other air
seals were found). There were no apparent witness marks on the 2nd Stage Fan Hub radial
interface that mates with the 1st Stage Rear Air Seal. The dry lubricant on the mounting holes was
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undisturbed and had no apparent witness marks on the 2nd Stage Fan Disk Forward Balance Flange
from pins and collars that would have been installed during assembly or been forcefully removed
during ground impact. Finally, there were no apparent witness marks on the forward face of the
2nd Stage Fan Disk Blade Root Platform from contact with the 1st Stage Rear Air Seal. It is my
opinion, along with all the engine experts analyzing the wreckage, the 1st Stage Rear Air Seal was
not installed during depot-level maintenance.

Additionally, I lend no credibility to the depot maintenance work control documents (WCD) for
the installation of the 1st Stage Rear Air Seal due to the annotation of the 2nd Stage Rear Air Seal
part and serial numbers where the 1st Stage Rear Air Seal part and serial numbers were to be
recorded. Finally, the disparity in dates from installation to verification indicate that the 1st Stage
Rear Air Seal installation was never visually verified.

3. SUBSTANTIALLY CONTRIBUTING FACTORS

I find by a preponderance of evidence that each of the following factors substantially contributed
to the mishap: unqualified/untrained maintenance personnel, lack of supervision, and negligent
procedural practices.

a. Unqualified/Untrained Maintenance Personnel

On 18 September 2016, the WCDs, which are the official record for work including control,
identification, inspection, and routing of operations, indicate that the Depot Maintenance Trainee
(DMTe) built the 2nd and 3rd Stage Compressors and Rotor Assemblies by placing the blades onto
the compressor hub and also began to assemble, or “stack”™, the rotors and stators for the 1st and
2nd Stages of the IFM. According to section 21.3.14.3.2.1 of Air Force Sustainment Center
Manual 21-102_OC-ALCSUP, Depot Maintenance Management, “Any mechanic/technician in a
training status for a PAC [Production Acceptance Certification] task shall have a PAC task
assigned and an OJT [on-the-job training] start date entered.” Upon review of the DMTe’s training
records, the OJT start date annotated was 17 October 2016, indicating the DMTe should not have
accomplished any of the tasks performed on 18 September 2016.

As a result of being unqualified and untrained in the tasks, the DMTe did not adhere to technical
orders (TO) and procedures during the assembly of the 2nd Stage Compressor and Rotor Assembly
and failed to install the 1st Stage Rear Air Seal. According to section 7.4.2 and 7.2.12.4.1 of Air
Force Sustainment Center Manual 21-102, Depot Maintenance Management, maintenance stamps
are mandatory and “will be issued to maintenance personnel to certify, by stamping and dating,
the work has been accomplished and completed as required by specified technical data.” The
WCD requires the installation of the 1st Stage Rear Air Seal onto the 2nd Stage Fan Disk and the
annotation of the seal’s serial number. Under this step, the DMTe incorrectly annotated the 2nd
Stage Air Seal’s serial number in place of the 1st Stage Rear Air Seal and stamped the WCD step
complete. It is physically impossible to install the 2nd Stage Rear Air Seal in the location of the
Ist Stage Rear Air Seal. It is my opinion that the failure to install the 1st Stage Rear Air Seal was
a result of the DMTe being insufficiently trained and supervised in the task and likely due to a
missing 1st Stage Rear Air Seal from the module’s build Kkit.
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b. Lack of Supervision

On Sunday, 18 September 2016, Depot Maintenance Employee (DME), Depot Maintenance
Trainer (DMTr), and DMTe were working overtime in order to complete IFMs along with two
other individuals. According to the WCD, the DMTe built the 2nd and 3rd Stage Compressor and
Rotor Assemblies and assembled the rotors and stator cases for the 1st and 2nd Stages of the [FM.
Although both the DMTr and the DME were present, neither signed off each step of DMTe’s work
as required. It wasn’t until Monday, 19 September 2016, that DMTr and DME signed off the
DMTe’s work. Unfortunately, based on the WCDs and the point to which the DMTe worked
ahead, the missing Ist Stage Rear Air Seal was not visible to either the DMTr or DME as the 2nd
Stage Stator Case around the 2nd Stage Fan Disk and Blades prevented viewing of the 1st Stage
Rear Air Seal. In my opinion, the DMTr was not applying the appropriate level of supervision for
the training of the DMTe, which subsequently led to the DMTr missing the installation of the 1st
Stage Rear Air Seal on the 2nd Stage Fan Disk. Additionally, it is my opinion that the DME, as
the certified inspector, did not verify the installation of the 1st Stage Rear Air Seal as required in
the WCD.

c. Negligent Procedural Practices

According to procedure, maintenance personnel are not to move to the next step until the previous
steps have been verified and signed off. On 18 September 2016, the DMTe marked completion of
steps without the DMTr verifying the step was completed correctly. Additionally, the DMTr, as
the trainer, failed to verify the DMTe completed each step correctly. Instead, the DMTr signed
off on the tasks a day later on 19 September 2016.

According to section 7.4.6.3 of Air Force Sustainment Center Manual 21-102_ OC-ALCSUP,
Depot Maintenance Management, some crucial steps require an additional or secondary buy-off,
which is designed for steps that are more critical in nature. The WCD demonstrates the secondary
buy-offs were not stamped and dated by the DME until a day later on 19 September 2016. It is
important to note, on 19 September 2016, when the DMTr and DME stamped and dated the steps,
the 2nd Stage Fan Disk and Blades were encased in the 2nd Stage Stator Case, which precluded
the inspection of the 1st Stage Rear Air Seal, one of the items the DME was supposed to inspect.
It is my opinion the DMTr allowed the DMTe to accomplish unsupervised work for which he was
not qualified, while “verifying” the work accomplished at a later date. Additionally, it is my
opinion both the DMTr and DME negligently signed off work without actually verifying the steps
were accomplished.

4. CONCLUSION

I find, by a preponderance of the evidence, the cause of the mishap was the catastrophic failure of
the engine resulting from the failure to install the 1st Stage Rear Air Seal during the overhaul of
the IFM by depot-level maintenance personnel at Tinker AFB, Oklahoma in September 2016.
Without the 1st Stage Rear Air Seal, the 2nd Stage Fan Blades eventually migrated forward until
the excessive strain of operation resulted in the liberation of 2nd Stage Fan Blades, leading to a
significant loss of thrust and uncontained engine fire fueled by a perforated A-1 fuel tank.
Additionally, I find by a preponderance of the evidence, the failure to install the 1st Stage Rear
Air Seal during depot maintenance was a result of the following substantially contributing factors:
unqualified and untrained maintenance personnel, lack of supervision, and negligent procedural
practices. The failure to install the 1st Stage Rear Air Seal resulted from a failure to follow
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checklist procedures by an unqualified and untrained trainee who was not under the immediate
supervision of a trainer. The failure was compounded by the trainee continuing assembly to a
point where proper installation could no longer be verified, yet both the DMTr and DME stamped
completion anyway. Therefore, I find the DMTe, DMTr, and DME were all causal to the mishap.

DEBOER.JOEL.R.1 Digitaly signed by

EBOER.JOEL.R.1185951479

185951479 Date: 2020.04.12 17:17:50 -06'00'

10 April 2020 JOEL R. DEBOER, Colonel, USAF
Accident Investigation Board President
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