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EXECUTIVE SUMMARY

AIRCRAFT ACCIDENT INVESTIGATION

A-10C, T/N 80-0282, MOODY AIR FORCE BASE, GEORGIA
26 SEPTEMBER 2011
On 26 September 2011 at approximately 1448 local time, the mishap aircraft (MA), an A-10C,
T/N 80 -0282, experienced dual engine failure duringa Functional C heck Flight ( FCF) and
impacted t he ground approximately 20 m iles nor thwest of M oody A ir F orce Base ( AFB),
Georgia. The Mishap Pilot (MP) ejected safely and sustained no significant injuries. The MA,
operated by the 75th Fighter Squadron at Moody AFB, was destroyed upon impact with the loss
valued at $14,708,772.19. Environmental clean-up costs are estimated to be $150,147.50. T he
MA impacted on p rivate property consisting of a waste runoff site for an unused sand quarry.
The impact left a 15-foot diameter crater, burned 5 acres of land, churned 1 acre of earth and
destroyed 15 pine trees.

An FCF is flown to ensure airworthiness after major scheduled aircraft maintenance. At 15,000
feet, dur ing t he s talls and s lats ¢ hecks, t he M P not ed t hat t he s tall w arning t ones were not
functioning properly. The MP elected to continue the FCF profile into the high altitude checks
and under a combination of flight conditions of altitude, airspeed and angle of attack that could
lead to an increased risk of aircraft stall and engine failure. There is no explicit guidance that
prohibited the MP from continuing the FCF profile without a functional stall warning system. At
34,000 feet, the M P performed the high altitude checks. This was the first time the MP was
performing checklist items in the aircraft at 25,000 feet and above. The MP slowed the MA for
slat extension and looked over his right shoulder to observe the slats. Before the slats extended,
the M P noticed the M A enter a stall with aslight right bank. The MP did an aircraft s tall
recovery; he then checked the engine gauges and noticed both were winding down. T he MP
followed the proper procedures to attempt to recover the engines and ultimately determined that
both engines had completely failed. The MP then correctly executed the procedures for a du al
engine failure. The MP attempted to restart the left and right engines multiple times without
success. He continued his attempts until reaching an unpopulated area and ejected from the MA.
Engineering an alysis of ex ternal and internal engine pa rts, as w ell a s the M P’s te stimony
regarding the engine gauges, suggests that both engines seized while the MP flew the MA down
to the optimum altitude for an APU assisted engine restart attempt. The M P’s F CF up grade
training did not include the climb to 35,000 f eet nor practicing the FCF checks at altitude. In
addition, the MP had no experience and insufficient training about the intricacies and possible
hazards of high altitude flight without a properly functioning stall warning system. Finally, the
MP misprioritized his tasks by checking for slat extension over preventing the MA from stalling.

The board president found by clear and convincing evidence the cause of the mishap was the MA
engines flaming out due to being flown under flight conditions where aircraft stall and engine
failure w ere immine nt; the e ngines ne ver r estarted, causingthe M P to eject andthe M A to
impact the ground. Additionally, the board president found by a preponderance of evidence that
the following factors substantially contributed to the mishap: (1) the MA engines failed to restart
due to engine seizure; (2) there was insufficient guidance for the possibility of engine seizure
after high altitude engine flameout; (3) there is no requirement for 35,0 00-foot checks during
FCF upgrade training; (4) the combination of the MP’s inexperience at flying above 23,000 feet
and the M A’s malfunctioning s tall w arning s ystem; and (5) the M P misprioritized an FCF
checklist item during the mishap flight over preventing the MA from stalling.

Under 10 U.S.C. § 2254(d), t he opinion of the accident investigator as to the cause of, or the factors
contributing to, the accident set forth in the accident investigation report 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 of the United States or by any person referred to in those conclusions or statements.
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The above list was compiled from the Summary of Facts, the Statement of Opinion, the Index of
Tabs and Witness Testimony (Tab V).
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SUMMARY OF FACTS
1. AUTHORITY AND PURPOSE

a. Authority

On 5 October 2011, Major General Roger A. Binder, Vice Commander, Air Combat Command
(ACC), a ppointed Colonel D ouglas H . S tandifer asthe A ccident Investigation B oard ( AIB)
President to investigate the 26 September 2011 mishap of an A-10C aircraft, Tail Number (T/N)
80-0282. An AIB was conducted at Moody Air Force Base (AFB), Georgia, from 1 November
2011 through 29 November 2011, pursuantto Air Force Instruction (AFI) 51-503. A Le gal
Adpvisor, Pilot, Maintenance Officer, Flight Surgeon, Recorder and two Functional Area Experts
were also appointed to the AIB (Tab Y-3 to Y-7).

b. Purpose

This i s a 1 egal i nvestigation ¢ onvened t o i nquire i nto t he f acts s urrounding t he a ircraft or
aerospace acci dent, to prepare a publ icly-releasable r eport and to gather and preserve al |
available evidence for use in litigation, claims, disciplinary actions, administrative proceedings
and for other purposes.

2. ACCIDENT SUMMARY

On 26 S eptember 2011 at a pproximately 1448 1ocal time (L), the mishap aircraft (MA), an
A-10C, T/N 80-0282, experienced dual engine failure during a Functional Check Flight (FCF)
and 1mpacted the ground approximately 20 miles w est/northwest of M oody AFB (Tab B-3).
The Mishap Pilot (MP) ejected safely and sustained no significant injuries (Tabs V-1.12 and
X-3). The aircraft was destroyed upon impact with the loss valued at $14,708,772.19 (Tab P-3).
Environmental clean-up costs are estimated to be $150,147.50 (Tab P-5). The MA impacted on
private property consisting of a waste runoff site for an unused sand quarry. T he impact left a
15-foot diameter crater, burned 5 acres of land, churned 1 acre of earth and destroyed 15 pine
trees (Tab P-7). Media interest was minimal and mostly confined to local news stations.

3. BACKGROUND

The 23rd Wing (23 WG), located at Moody AFB, owned the MA. The MA was operated by the
75th Fighter Squadron (75 FS). The 75 FS is a squadron within the 23rd Fighter Group (23 FG),
which falls directly under the 23 WG. The 23 WG and its subordinate units are components of
9th Air Force (9 AF), which is a numbered air force within ACC (Tab CC-3 to CC-12).

A-10C, T/N 80-0282, 26 September 2011
1



a. Units and Organizations
(1) ACC

ACC, headquartered at Joint B ase Langley-Eustis, Virginia, is a ma jor
command of the United States A ir Force and p rimary force p rovider of
combat airpower to America’s w arfighting commands. Its mission is to
organize, t rain, equipa nd m aintain combat-ready f orces f orr apid %
deployment and e mployment w hile e nsuring s trategic air d efense forces

are ready to meet the challenges of peacetime air sovereignty and wartime

air defense. ACC operates fighter, bomber, reconnaissance, battle-management and electronic-
combat aircraft. It also provides command, control, communications and intelligence s ystems
and conducts global information operations. ACC's forces are organized under a direct reporting
unit, t hree num bered air f orces a nd on ¢ A ir Force R eserve num bered a ir f orce. A CC’s
workforce i s ¢ omprised of m ore t han 80,000 a ctive dut y m embers a nd c ivilians, a nd w hen
mobilized, more than 50,000 Air National Guard and Air Force Reserve members. In total, they
operate more than 2,400 aircraft (Tab CC-3).

>
D>

(2) 9 AF

9 AF, with headquarters at Shaw AFB, South Carolina, controls ACC fighter
forces based on the east coast of the U nited S tates, and serves as the air
component for a 25-nation area within the United States Central Command
area of responsibility. 9 AF installations include Joint Base Langley-Eustis,
Moody A FB, S haw A FB and S eymour-Johnson A FB, N orth C arolina
(Tab CC-4).

4, S
Yy, o
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(3) 23 WG

The mission of the 23 WG is to organize, train and equip combat-ready forces to rapidly deploy
and execute the Global Precision Attack, Personnel Recovery and Agile Combat Support Service
Core Functions t o m eet w orldwide combatant c ommander requirements. The wing executes
worldwide close air support, force protection and peacetime and personnel recovery op erations
in s upport of hum anitarian a nd U .S. na tional s ecurity i nterests, as well as in support o f
contingency ope rations across the globe. The 23 W G aircraft inc lude the A -10C, H H-60G,
HC-130P and HC-130J (Tab CC-7).

4) 23 FG

The 23 FG directs the flying and maintenance o perations for the U.S. Air
Force's largest A-10C fighter group, consisting of two combat-ready A-10C
squadrons and an operations support squadron. The Group ensures overall
combat training and readiness for over 90 pilots and 180 support personnel.
In response to the attacks of 11 September 2001, the 23 FG landed the first
fighter aircraft inside of Afghanistan in March 2002 (Tab CC-11).
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(5) 75 FS

The 75 FS is one of two combat-ready A-10C Thunderbolt II squadrons within the 23 FG. The
squadron's nearly 35 pilots are dedicated to carrying out the close air support mission through the

A-10C, which is specifically designed for long loiter time, accurate weapons delivery, austere
field capability and survivability (Tab CC-12).

b. A-10C Thunderbolt II

The A-10C Thunderbolt II has excellent maneuverability at low air speeds and altitude, and is a
highly accurate weapons delivery platform. The aircraft can loiter near battle areas for extended
periods of time and operate under 1,000-foot ceilings with 1.5-mile visibility. The wide combat
radius and s hort takeoff and landing capability permit operations in and out of locations ne ar
front I ines. The upg raded A -10C r eached i nitial ope ration ¢ apability i n S eptember 2007.
Specifically designed for close air support, its combination of large and varied ordnance 1 oad,
long loiter time, accurate weapons delivery, austere field capability and survivability has proven
invaluable to the United States and its allies. The aircraft h as pa rticipated in Operations
DESERT S TORM, SOUTHERN W ATCH, PROVIDE C OMFORT, DESERT F OX, NOBLE
ANVIL, DENY FLIGHT, DELIBERATE GUARD, ALLIED FORCE, ENDURING FREEDOM
and IRAQI FREEDOM (Tab CC-13 to CC-14).

4. SEQUENCE OF EVENTS

a. Mission

The mishap mission, flown on Monday, 26 September 2011, was planned as “DYNO 51,” a local
full-profile F CF. An FCFis flownt o e nsure a irworthiness after m ajor s cheduled aircraft
maintenance. An FCF sortie consists of mandatory aircraft systems checks up to and including
35,000 feet (Tab BB-10). A locally directed safety chase aircraft “DYNO 52, took off 30
minutes later. The FCF mission was authorized by the 75 FS Director of Operations through the
AF IMT 4327, ARMS Fighter Flight Authorization (Tab K-4).

b. Planning

Mission pl anning w as a ccomplished t he previous F riday, but the s ortie w as c ancelled due to
weather (Tab V-1.2 to V-1.3). M ission planning for the mishap flight was updated, including
current w eather, Notices to Airmen, flight plans and telephonic coordination with Jacksonville
Air Route Traffic Control Center (JAX Center). A coordination brief occurred between the MP
(flying DYNO 51) and the Mishap Wingman (MW) (flying DYNO 52), covering pertinent items
from A FI 11-2A-OA-10, Vol 3, with emphasis on the de confliction pl an in the M ilitary
Operations Area (MOA) and mutual support (Tab V-1.2 to V-1.3). T he MP accomplished an
Operational R isk M anagement (ORM) w orksheet resulting in an overall score of 16, e qualing
“Low Risk.” The highest risk factor on this sortie was the FCF mission, rated at a score of 6
(Tab K-3). T akeoffs were pl anned h alf an hour apart due to end of fiscal year flying hour
program management (Tab V-2.2).
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¢. Preflight

On 23 S eptember 2011, the M P accomplished the FCF ground operations from the Technical
Order (T.O.) 1A-10C-6CF-3 (Dash 6) checklist items up to, but not including, Taxi checks. At
that point the M A was shut down and the mission was c ancelled due to weather. T he FCF
portion of ground operations were unremarkable on that date (Tab V-1.2 to V-1.3).

On 26 S eptember 2011, the MP re-accomplished manual reversion checks due to FCF mission
requirements. Manual reversion is a secondary flight control mode that disconnects the flight
controls from h ydraulic power and us es m anual 1inkages to c ontrol the aircraft. The rest of
ground operations were accomplished through takeoft in accordance with the T.O. 1A-10C-1CL-
1 (Dash 1) checklist. Ground operations were unremarkable (Tab V-1.3).

d. Summary of Accident

The MP took off from Moody AFB and proceeded northwest to the CORSAIR MOA. All items
up to the 10,000 foot checks were uneventful. At 10,000 feet, the MP noted that he was not able
to observe proper landing gear warning tones. Other checks at 10,000 feet were uneventful, so
the MP proceeded to 15,000 feet for the next series of checklist items (Tab V-1.3 to V-1.4).

At 15,000 feet, during the stalls and slats checks, the slats occasionally appeared to extend late,
at approximately the same time as the stall. The MP also noted that the stall warning tone s
would occur late, and sometimes not at all. He also noted that the tones would progress from not
being present, skipping the steady tone and going directly to the chopped tone, coincident with
aircraft stall, without the expected buffer between tones and stall. Additionally, the stick shaker,
which provides stick agitation as a means of stall warning, appeared to be working normally in
the 1 anding c onfiguration, but t he t ones w ere s till not functioning pr operly. T he remaining
15,000-foot and 18,000-foot checks were uneventful (Tab V-1.4 to V-1.5).

After accomplishing the 18,000-foot checks, the MP requested a climb with JAX Center and was
subsequently c leared i nto t he bl ock F light L evel 240 -350 ( Tabs V -1.5 and N-16). T he M P
testified that he climbed to Flight Level 340 to accomplish the 35,000-foot checks (Tab V-1.5).
The MP was given an eastbound ve ctor, followed three minutes later by a 180 degree turn to
west (Tab N-17 to N-18). Upon completing this westbound turn, the MP accomplished engine
and environmental control system checks. The final checklist item at this altitude was to check
for proper slat extension (Tab V-1.5 to V-1.6). The MP retarded throttles in order to slow the
MA for s lat e xtension and 1 ooked over his right s houlder t o obs erve the slats (Tab V-1.22).
Before the slats extended, the M P noticed the MA enter a stall with a slight right bank (Tab
V-1.6). The MP advanced the throttles to maximum, lowered the nose and leveled the wings.
After stall recovery, the MP checked the engine gauges and noticed both were winding down,
with Inlet Turbine Temperatures decreasing below 200 d egrees Celsius and engine tachometers
decreasing below 30% (Tab V-1.22 to V-1.23).

Initially, the MP suspected that the engines were experiencing a compressor stall, so he retarded
the throttles to a setting above idle and lowered the nose. After observing that the engines did
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not recover or respond to any additional throttle inputs, the MP determined that both engines had
completely failed (Tab V-1.6).

The M P ex ecuted the bol dface procedures for a dual en gine failure, a procedure that all A-10
pilots are required to know by memory. T he MP placed both throttles to the off position and
switched to manual reversion. He elected to delay Auxiliary Power Unit (APU) start until within
its start envelope (Tab V-1.6).

Then the MP turned south towards Moody AFB and the CORSAIR MOA. He picked up a best
glide s peed of 150 kno ts, ba sed on hi s aircraft g ross weight, w hile r eferencing hi s Dash 1
checklist. With only one operable radio, the MP switched to his squadron operations frequency
and established contact withthe MW (Tab V-1.6). T he MW was ableto find the M P and
rejoined to a visual formation (Tab V-2.4). The MP successfully started the APU passing 17,000
feet. At this time, the MP was waiting to descend further into the engine start envelope (Tab
V-1.6). Modeling in the A-10 simulator showed that an engine that has flamed out will windmill
in the airstream and indicate appr oximately 8 -10% engine core revolutions per minute (RPM)
while in a 150 knot glide (Tab EE-3). While maintaining this glide, the MP activated the APU
Generator, which now supplied all of the M A’s electrical power requirements. P assing 15,000
feet, the engine had already cooled to beneath its maximum allowable temperature, so the MP
attempted to start the le ft motor by placing the engine operate s witch to “motor.” T he APU
loaded as expected, indicated by APU exhaust gas temperature rising within limits, but the left
engine cor ¢ RPM i ndicator di splayed 0% R PM and di d not increase. T he M P w aited f or
approximately 20 seconds, looking for any increase in core RPM. The MP did not observe any
increase, s 0 h e placed the throttle to idle, which c ommands e ngine start. Approximately 30
seconds after placing the throttle to idle, the engine still had not started. At this point, the MP
continued with the ¢ hecklist by pl acing the le ft thr ottle to off, left e ngine ope rate s witch to
“normal,” crossfeed switch to “crossfeed” and the right engine operate switch to “motor.” The
APU loaded up f or right engine start, but the right engine showed no i ndication of m otoring.
After placing the right throttle to idle, the right engine start sequence failed in the exact same
manner as previously observed on the left engine, to include 0% RPM (Tab V-1.7).

The MP then requested a vector from the MW to the controlled bailout area, confirmed that his
switches were set correctly in accordance with the checklist and reattempted a left engine restart
followed by a right engine restart, with both attempts unsuccessful. Passing through 6,000 feet,
the M P r ealized t hat he w ould not m ake t he ¢ ontrolled ba ilout area, s o he pointed the M A
towards an unpopulated area. The MP attempted multiple restart attempts in the remaining glide
time. A ta pproximately 2,600 f eet,the M P attempted t o stop aircraft de scent, assumed an
ejection bod y pos ition a nd ejected s uccessfully f romt he M A ( Tab V-1.8). T heM P
accomplished post-ejection checklist items, which were obs erved by the MW (Tab V-1.8 and
V-2.5). The MA continued straight ahead for a few seconds, then rolled slowly to the right. The
MW obs erved the M A completing approximately 90 d egrees of right turnina right b ank,
impacting the ground at approximately 60 de grees of dive in an upright attitude (Tab V-2.5 and
V-2.11). The MA impacted in a waste runoff site for an unused sand quarry and erupted in a
post-crash fire (Tab P-7).
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The MP landed in an open field, contacted the MW via survival radio and began coordinating for
his recovery (Tab V-1.8).

e. Impact
The MA impacted the terrain (See Figure 1) at approximately 1448L about 20 miles northwest of

Moody AFB (Tab B-3). The MA was in a clean unarmed configuration for the FCF profile. The
impact location was a sandy swamp area, sparsely covered by pine trees (Tab S-5 to S-6).

Figure 1. MA at Crash Site

f. Egress and Aircrew Flight Equipment

The ejection sequence was initiated in the Mode 1 range (below 15,000 feet and 250 +/- 25 knots
equivalent airspeed) (Tab H-4 and H-6). The ejection sequence was well within the performance
envelope of the system (Tab H-6). The only deficiency discovered was that the drogue parachute
severance as semblies were f ractured and ex panded outside o fnor mal t olerances, butt his
deficiency had no adverse effect on the ejection sequence (Tab H-5to H-6). A Il inspections

were a ccomplished a nd a 1l s urvival e quipment, i ncluding t he pe rsonnel 1 ocator be acon,
functioned effectively (Tab H-11 to H-12).

g. Search and Rescue

The MW remained airborne over the crash site in order to provide initial support. He established
radio contact with the MP and assessed his initial condition to be good (Tab V-2.5 to V-2.6).
The MP landed in a field next to a house, but the house was unoccupied. The MW then guided
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the M P to another n earby home, which was occupied. T he M P walked to this home, made
contact with the occupant and telephoned back to the 75 FS (Tab V-1.8). In the meantime, the
MW w as in c ontact w ith a ir t raffic ¢ ontrol pe rsonnel at M oody AFB, whom he directed to
activate an emergency response (Tab N-22 and N-25).

Cook County, G A first responders reported to the crash site and made their way to the MP’s
location in a timely manner. T hey transported the MP via ambulance to a hospital located in
Adel, GA (Tab N-38).

There were no difficulties or delays associated with initial response or subsequent securing of the
crash site.

h. Recovery of Remains

Not applicable.

5. MAINTENANCE

a. Forms Documentation

A thorough review of active and historical Air Force Technical Order (AFTO) Form 781 series
aircraft m aintenance f orms r evealed no di screpancies i ndicating engine, APU, stall w arning
system or slat anomalies on the M A (Tab D-8 to D-17 and D-24). A detailed review ofthe
active AFTO 781 forms and AFTO 781 historical records for the time period 90 days preceding
the mishap revealed no evidence of mechanical, structural or electrical discrepancies (Tab D-5 to
D-24).

Integrated Maintenance Data System (IMDS) historical records for 90 d ays prior to the mishap
were us ed t o va lidate a nd ¢ onfirm a 1l f orm e ntries ( Tab U -15). N one of t he ope n T ime
Compliance Technical Orders (TCTOs) in the active forms restricted the MA from flying (Tabs
D-21to D-23 and U-15). Thereisno evidence that TCTO com pliance or aircraft forms and
documentation were relevant to this mishap.

b. Inspections

An FCF is required upon completion of the Phase 2 Inspection (Tab D-10). A Phase 2 inspection
is required e very 1,000 aircraft hours (T ab D-19). T he inspection w as ¢ ompleted w ithin the
1,000 hour requirement (Tab D-3 and D-19).

Maintenance p ersonnel performed a Preflight inspection on the M A on the day of the mishap
(Tab D-6). T he preflight is required within 72 hours of the next flight, and was current at the
time of the mishap. A production superintendent signed an exceptional release, which serves as
a certification that the active forms were reviewed, ensuring the aircraft is safe for flight (T ab
D-5).
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¢. Maintenance Procedures

Review of the M A’s A FTO 781 series forms and IMDS revealed all r equired maintenance
actions w ere in compliance with s tandard op erating procedures (Tab D-5to D-7 and D-18 to
D-23). Thereisno evidence t hat m aintenance pr ocedures t o the M A w ere r elevant to the
mishap.

d. Maintenance Personnel and Supervision

The t raining r ecords f or a pplicable 23 rd Equipment M aintenance Squadron m aintenance
personnel were reviewed and revealed no discrepancies. All personnel were adequately trained
and supervised (Tab U-15).

e. Fuel, Hydraulic and Oil Inspection Analyses

Analysis of t he f uel s amples indicated oxygen-containing ¢ ompounds w ith e lements t hat
consisted of dirt. Fuel samples also revealed metallic particles with elements that are consistent
with magnesium/aluminum alloy (Tab U-6). T he dirt e lements are due to the mishap. The
metallic particles are not relevant to the mishap. All fuel sample results are within technical data
use limits (Tab U-3). The lubricating oil from the mishap engines and the hydraulic fluid were
tested and were within limits (Tab U-4 to U-5 and U-9 to U-12). J oint Oil Analysis Program
records indicate both engines were code Alpha, a designation given when there is no adverse
negative t rending an alysis evi dent t hat w ould ha It ¢ ontinued f'lying op erations ( Tab U-13 to
U-14). There is no evidence to indicate that fluids were relevant to the mishap.

f. Unscheduled Maintenance

Review of A FTO 781 s eries f orms a nd IMDS di d not r eveal a ny pe rtinent m aintenance
discrepancies.

6. AIRFRAME SYSTEMS

The airframe structure and systems of the MA depict a post-crash explosion and subsequent fire.
Both the number one and number two engines took a significant amount of external fire damage
after s eparating from t heir r espective aircraft m ounts atimpact. A Il visual e ngine da mage
appears t o be inflicted at ai rcraft/engine i mpact and from fire ( Tab J-3). D uetothe crash
environment, the forward fuselage, c ockpit and most of the avionics, including the Improved
Electronic Processing Unit, were not recovered (Tab DD-5).

The following components and accessories of the systems were submitted for testing, tear down
or engineering analysis:
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a. Engine #1, TF34-100A, Serial Number (S/N) GE00206265

Figure .Eine 41

All iron components of Engine #1 (See Figure 2) were oxidized due to the heat from the fire and
subsequent water immersion (Tab DD-5). T he damage to the spinner, compressed against the
front of the fan disc, indicate that the engine impacted the ground nose first, exposing portions of
the engine to pooling of molten aluminum. From behind the engine looking forward, the fan
blades in the 4 to 6 O’clock positions were broken at the platform, while the fan blades in the 6
to 8 O’clock position were buckled (Tab DD-6).

(1) Fan Module

The tips of the fan blades showed no abnormal bending, inferring low or no RPM at impact (Tab
J-3).

(2) Low Pressure Turbine (LPT) Module

The LPT separated from the High Pressure Turbine (HPT) due to the crash. The number 6 and 7
bearings were intact, and evidence suggests low or no RPM apparent at impact (Tabs J-4 and
DD-10).

(3) HPT components

The HPT rotor assembly exhibited discoloration indicative of operation at elevated temperatures.
The first stage blades and disk were coated with heavy coking across the upper half of the rotor.
Aside from coking, all surfaces are unremarkable and rub grooves are normal for time on aircraft
(Tabs J-5 and DD-7 to DD-9).
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(4) Compressor

Most compressor blades (See Figure 3) had water stains and discoloration, most likely caused by
sediments 1 n t he c rash site w ater. S ome of t he ¢ ompressor bl ades w ere da maged, but t he
physical evidence reveals the damage occurred on impact and was not causal to the mishap (Tab
DD-8 to DD-10).

(5) Accessories

The accessory gear box fractured in multiple locations with only the Integrated Drive Generator
still attached. The starter gear assembly was bent, but no torsional shear was indicated (Tab J-6).
The Main Fuel Control (MFC) (See Figure 4) was taken to the fuel control overhaul facility at
Fleet Reserve Center Southeast at Jacksonville Naval Air Station, Florida for disassembly and
analysis. A nalysis of the M FC depicts that there was a cor e speed of 20-21%, but this data
neither conclusively supports nor disproves whether the engine was actually running (Tab DD-5,
DD-11 and DD-19).

Figure 4. Engine #1 MFC
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(6) Tachometer Generator

The Tachometer Generator (See Figure 5) had impact damage to its case. However, the shaft
was intact and it rotated freely (Tab DD-11).

==
Figure 5. Tachometer Generators

(7) Vane Guide (VG) Actuators
One VG actuator was found for Engine #1. The TF-34 engineer disassembled the VG actuator

(See Figure 6) and determined it to be closed at the time of impact, which implies that the engine
core was turning at low or no RPM (Tab DD-12).

Figure 6. Engine #1 VG Actuator
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b. Engine #2, TF34-100A, S/N GE00205328

g

Figl_lre 7. Engine #2

Engine #2 ( See Figure 7) s uffered e xtensive d amage inthe crash, but was not e xposed to
temperatures as high as Engine #1. All iron components were oxidized. While some composite
portions of the fan case were destroyed in the post-crash fire, some portions were intact. From
behind the engine looking forward, the fan blades in the 5 to 7 O’clock positions were broken at
the platform or below, while the fan blades in the 3 to 5 O’clock position had buckled. The front
frame received significant damage; however, it was not melted (Tab DD-12 to DD-13).

(1) Fan Module

The tips of the fan blades showed no abnormal bending, inferring low or no RPM at impact (Tab
J-3).

(2) LPT Module

The LPT separated from the HPT due to the crash. The blades are discolored from the post-crash
fire, and evidence suggests low or no RPM at impact (Tab J-5 and DD-13).

(3) HPT components

The HPT rotor assembly exhibited discoloration indicative of exposure to elevated temperatures.
The first stage blades and disk were coated with moderate coking across the upper half of the
rotor. Aside from coking, all surfaces are unremarkable and any grooves are considered normal
for time on aircraft (Tabs J-7 and DD-14 to DD-15).
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(4) Compressor

Most ¢ ompressor bl ades (See F igure 8) had s tains due to mud and water, butthe ph ysical
evidence shows no significant blade damage (Tab DD-16).

\ S :
Figure 8. Engine #2 Compressor

(5) Accessories

The starter gear assembly is bent but no torsional shear is noted. The MFC (See Figure 9) was
taken to the fuel control overhaul facility at Fleet Reserve Center Southeast at Jacksonville Naval
Air Station for disassembly and analysis. Analysis of the MFC depicts that there was a core
speed of 36-37%, but this data neither conclusively supports nor disproves whether the engine
was actually running (Tab DD-5, DD-16 and DD-19).

Figure 9. Engine #2 MFC

(6)Tachometer Generator

The Tachometer Generator (See Figure 5) had impact damage to its case. However, the shaft
was intact and rotated freely (Tab DD-18).
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(7)VG Actuators

Both VG actuators w ere f ound for Engine #2. T he T F-34 engineer disassembled the V G
actuators (See Figure 10) and determined them both to be closed at the time of impact, which
implies that the engine core was turning at low or no RPM (Tab DD-17).

-

Figure 10. Engine #2: VG Actuator 1 ‘(Left) and VG Actuator 2 (Right)
c. APU

The APU (See Figure 11) was severely damaged by crash forces. The MP testified that the APU
gauges indicated it was fully powered when turned on during the mishap flight. (Tab V-1.5 to
V-1.6). In addition, an aerospace en gineer from the Ogden Air Logistics Center reviewed the
MP’s testimony, photos of the mishap APU and the technical evaluations of the M A en gines
conducted during the Safety Investigation Board and the AIB. The aerospace engineer certified
that the APU was fully functional at the time of the mishap (Tab DD-3).

(=

———ryT. S o
Figure 11. APU Turbine w/dirt removed (Left) and Remains of the APU (Right)

d. Fuel Engine Relay Box (FERB)

A normal engine start ¢ ycle s equence routes through the FERB. T here is no single pointof
failure within the FERB which could result in both engines failing to start. Therefore, the engine
start cycle sequence, via the FERB, is not a factor in this mishap (Tab DD-21).
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7. WEATHER

a. Forecast Weather

The 23 O SS Weather Flight provided the mission e xecution forecast on 26 S eptember 2011.
Surface w inds at M oody AFB w ere ex pected to be from the northeast at nine knots witha
temperature of 32 degrees Celsius. Anticipated visibility was s even statute miles with cloud
ceilings broken at 3,000 to 10,000 feet above ground level (AGL). The only forecasted hazards
were isolated thunderstorms with maximum tops at 55,000 feet AGL (Tab F-5 to F-6).

Weather was not specifically briefed for the CORSAIR M OA, which is the area overlying the
mishap impact site. The upper level winds were briefed to be generally from the southwest at a
maximum of 20 knots from the surface up to Flight Level 230 (Tab F-6).

b. Observed Weather

Raw weather data observations were not available for the CORSAIR MOA. The MP testified
that the skies were clear (Tab V-1.3). The MW testified thunderstorms were in the vicinity, but
were not a factor during the mishap sequence (Tab V-2.4 and V-2.11).

¢. Space Environment
Not applicable.
d. Operations

Weather was within operational parameters.

8. CREW QUALIFICATIONS
a. Mishap Pilot Training

The MPisa fully qualified A-10C T wo-ship Flight Lead ( Tab G -46). Al ne cessary flight
currencies w ere up -to-date and all r equired t raining f or t he pl anned m ission w as c urrent i n
accordance with AFI 11-2A-OA-10, Volume 1 (Tab G-14 to G-19). On 14 June 2011, the MP
completed his most recent ins trument qualification in the A-10C (Tab G-3to G-4). T he MP
completed hi s m ost r ecent m ission qua lification on 20 S eptember 20 11, but t he F orm 8
(Certificate of Aircrew Qualification) had not been completed prior to the mishap date since the
Emergency Procedures Evaluation had not yet been accomplished in the simulator. The absence
of this paperwork was not a factor to this mishap. The MP completed FCF upgrade training on
1 July 2011 and the mishap sortie was his first operational FCF (Tabs G-44 and V-1.9).

b. Mishap Pilot Experience

The MP holds a “Pilot” aeronautical rating with 1,034.6 hours of military flying time prior to the
mishap (Tab G-8). Of this total, the MP had 783.4 hours of primary A-10 time. T he MP had
A-10C, T/N 80-0282, 26 September 2011
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flown s ix s orties in t he t wo w eeks prior to the mishap. The M P flew hi s la test s ortie on
22 September 2011, four days prior to the mishap (Tab G-10).

Recent flight time is as follows (Tab G-9 and Tab G-10):

Hours Sorties
Last 30 Days 13.9 7
Last 60 Days 24.4 13
Last 90 Days 33.7 19

9. MEDICAL

a. Qualifications

The MP was medically qualified to perform flying duties at the time of the mishap. The MP’s
annual P reventative H ealth Assessment (PHA) was current and a review of the Aeromedical
Information and Medical Waiver Tracking System database showed no waivers. The MP had no
physical or medical r estrictions and w as w orldwide qualified at the time of the mishap (Tab
X-3).

b. Health

The MP ’s hard copy and electronic medical records were reviewed. According to the P HA,
dated 11 August 2010, the MP was cleared medically for flying duties (Tab X-3).

c. Toxicology

Toxicology testing was conducted immediately following the mishap for all persons involved.
The b lood a nd ur ine s amples w ere s ubmitted t o t he O ffice of t he A rmed F orces M edical
Examiner for toxicology analysis. Samples were examined for levels of carbon monoxide and
ethanol in the blood and traces of any drugs in the urine to include amphetamines, barbiturates,
benzodiazepines, ¢ annabinoids, ¢ ocaine, opi ates and phe ncyclidine. T he t oxicology s amples
arrived at the testing location in good condition. Five samples yielded positive results; the MP’s
urine tested positive for amphetamines. The results are consistent with “Go Pills,” which can be
given to pilots for operational purposes. Based on consultation with the Director of the Forensic
Toxicology Laboratory, Office of the Armed Forces Medical Examiner, impairment due to drugs
or alcohol was not considered to be causal or contributory to the mishap (Tab X-3 to X-4).

d. Lifestyle
The MP indicated that there had been some increased stress in his life in the month prior to the

incident. However, he indicated that the issues c ausing stress had been resolved prior to the
incident. The MP indicated no increased stresses on the day of the accident (Tab V-1.2).
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e. Crew Rest and Crew Duty Time

All aircrew are required to have proper crew rest prior to performing flying duties as outlined in
AFI 11-202, Volume 3. Proper crew rest is defined as a minimum of a 12-hour non-duty period
before the d esignated flight dut y pe riod be gins. During thi s time, an aircrew me mber may
participate in meals, tr ansportation or rest aslongasheorshe hashadatleast 10 hou rs of
continuous restful activity with an opportunity for at least 8 hour s of uninterrupted sleep. The
MP had an early show for his physical training test on the day of the mishap. H e reported
sleeping w ell the ni ght pr iora nd feelingw ell r ested on the da y of t he mishap ( Tab
V-1.2).

10. OPERATIONS AND SUPERVISION

a. Operations

The week prior to the mishap, the MP was involved in re-deploying the 75 FS from temporary
duty at Nellis AFB, Nevada. Upon returning, the MP resumed his duties as the Squadron Chief
of Scheduling (Tab V-1.2). T he mishap occurred on a Monday, which was the first flying day
following a two-day weekend. The MP and MW were the only two planned flights of the day,
which is a s ignificantly lighter th an normal flight s chedule. T he MP w as a la st-minute
replacement a fter the o riginally s cheduled FCF pi lot inf ormed the Operations S upervisor
(OPSUP) that he would be unable to fly (Tab V-3.2). S ince the MP had c ompleted mission
planning and ground operations three days earlier, he stated that he felt adequately prepared for
the FCF mission (Tab V-1.2).

b. Supervision

The 75 FS has an active ORM program. The MP self-assessed his participation in this mission
as “Low Risk.” The single greatest risk identified by the MP was the FCF profile itself (Tab
K-3).

Supervision for the FCF sortie was provided by the OPSUP. The OPSUP was acting as both Top
3 and Supervisor of Flying since the FCF sortie and escort aircraft were the only two flights

planned that day (Tab V-3.2). Operations supervision was determined to be in accordance with
AFT11-418.

11. HUMAN FACTORS

AFI191-204, Attachment 5, ¢ ontains the D epartment of D efense Human F actors Analysis and
Classification System which lists potential human factors that can play a role in aircraft mishaps.
The following human factors were relevant to this mishap:

a. Causal

No human factors were causal in this mishap.
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b. Contributory

(1) Procedural Guidance/Publications (OP003)

Procedural G uidance/Publications i s a f actor w hen w ritten di rection, ¢ hecklists, g raphic
depictions, tables, charts or other published guidance is inadequate, misleading or inappropriate
and this creates an unsafe situation.

Technical Order guidance addresses preventing engine failures by maintaining coordinated flight
at high altitude and high angle of attack. T he warning does not address the possibility of dual
engine seizure and subsequent inability to restart the engines following an engine failure (Tab
BB-26). Asa result, the MP was not trained with respect to that possibility and was not fully
trained to handle the consequences of a high altitude engine failure.

(2) Local Training Issues/Programs (S1003)

Local Training Issues/Programs are a factor when one-time or initial training programs, upgrade
programs, transition programs or training that is conducted outside the local unit is inadequate or
unavailable (etc) and this creates an unsafe condition.

AFI21-101, M oody A FB S upplement, di rects that FCF up grade flights require only manual
reversion and engine r estart che cks. Pilots are not required t o pe rform all checklist ite ms,
including the 35,000-foot checks. The MP testified that prior to the mishap flight his average
maximum altitude during daily operation is 18,000 feet. His personal maximum altitude prior to
the mishap was 23,000 feet (V-1.22). T herefore, the M P w as pe rforming ch ecklist i tems at
25,000 feet and above for the first time at the time of the mishap.

(3) Misperception of Operational Conditions (PC504)

Misperception of Operational C onditions i s a f actor w hen an i ndividual m isperceives or
misjudges altitude, separation, speed, closure rate, road/sea conditions, aircraft/vehicle location
within t he pe rformance envelope or ot her ope rational ¢ onditions and t his 1 eads t o an uns afe
situation.

The FCF profile required flight checks above 25,000 feet and 35,000 feet in accordance with AFI
21-101, Moody AFB Supplement. The MP had no experience flying the aircraft above 23,000
feet (Tab V-1.22). The M A had a m alfunctioning s tall w arning s ystem, w hich w ould ha ve
served as an additional safeguard (Tab V-1.25). Therefore, at 34,000 feet, the MP was unaware
he w as operating the M A in aregion of the E ngine D isturbance A rea ¢ hart. The En gine
Disturbance A rea region includes a c ombination of flight c onditions of altitude, airspeed and
angle of attack that could lead to an increased vulnerability and risk of aircraft stall and engine
failure (Tab BB-6).
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(4) Task Misprioritization (AE202)

Task M isprioritization is a factor w hen t he i ndividual doe s not or ganize, ba sed on a ccepted
prioritization techniques, the tasks needed to manage the immediate situation.

The M P was looking over his right shoulder checking for slat e xtension when the M A stalled
(Tab V-1.22). The MP misprioritized his tasks by checking for slat extension over preventing
the MA from stalling.

¢. Non-Contributory

All human factors were considered for their possible contribution to the mishap sequence. High
interest non-contributory human factors include:

(1) Limited Total Experience (SP004)

Limited Total Experience is a factor when a supervisor selects an individual who has performed
a maneuver, or participated in a specific scenario, infrequently or rarely.

The MP had limited total experience with FCF flights and higher altitude flights, he had passed
his F CF pi lot up grade and he w as an appropriate s election f or the m ission pr ofile by hi s
supervision (Tabs G-46 and V-1.22).

(2) Decision-Making During Operation (AE206)

Decision-Making During Operation is a factor when the individual through faulty logic selects
the wrong course of action in a time-constrained environment.

The M P testified that d espite having an ineffective s tall warning s ystem, he felt c omfortable
continuing the F CF above 15,000 f eet (Tab V-1.5). Given his previous training, and I ack of
explicit guidance prohibiting continuation of the FCF profile, the MP’s decision to continue was
logical.

12. GOVERNING DIRECTIVES AND PUBLICATIONS
a. Primary Directives and Publications

(1) AFT111-2A/OA-10, Volume (Vol) 1, A/OA-10—Aircrew Training, 31 August 2006

(2) AF111-2A/OA-10, Volume 2, A/OA-10—Aircrew Evaluation Criteria, 16
November 2005

(3) AFI 11-2A/OA-10, Volume 3, A/OA-10—Operations Procedures, 11 February 2002

(4) AF111-202, Volume 3, General Flight Rules, 22 October 2010
(5) AF121-101, Aircraft and Equipment Maintenance Management, Incorporating
Through Change 1, 16 August 2011
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(6) AF121-101, Combat Air Force Supplement, Aircraft and Equipment Maintenance
Management, 28 December 2010

(7) AF121-101, Moody AFB Supplement, Aircraft and Equipment Maintenance
Management, 1 March 2009

(8) AFI151-503, Aerospace Accident Investigations, 26 May 2010

(9) T.O. 1A-10C-1, Flight Manual, USAF Series A-10C Aircraft, 10 November 2008

(10)T.O. 1A-10C-6CF-1, Acceptance and Functional Checkflight Manual, Supplemental
Flight Manual, USAF Series A-10C Aircraft, 10 November 2008

(11)T.O. 1A-10C-1CL-1, Flight Crew Checklist, USAF Series A-10C Aircraft,
10 November 2008

(12)T.O. 1A-10C-6CF-3, Acceptance and Functional Checkflight Manual, USAF Series
A-10C Aircraft, 10 November 2010

b. Other Directives and Publications

(1) AF191-204, Safety Investigations and Reports, 24 September 2008, DOD HFACS
(2) T.O. 1A-10C-2-71TS-1, Organizational Maintenance Troubleshooting - Power
Plant/Auxiliary Power Unit, USAF Series A-10C Aircraft, 1 January 2010

NOTICE: The AFIs listed above are available di gitally on t he AF Departmental P ublishing
Office internet site at: http://www.e-publishing.af.mil.

13. ADDITIONAL AREAS OF CONCERN
a. TF-34 Engine Seizure/CF-34 Core Lock Similarities

General Electric (GE) manufactures both the A-10C’s TF-34 engine and the commercial aircraft
CF-34 engine. The CF-34 engine has a known history of a condition known as core lock (Tab
FF-4). Corelockis an unintended s eizure of the c ore r otor. R otor s eizure i s a r esult of
unintended contact between internal engine parts. An aircraft engine operated at a high throttle
setting for an extended period of time, followed immediately by a high altitude flameout and
sustained low power setting or low aircraft airspeed can produce conditions that are favorable to
core lock (Tab DD-29). These core lock conditions appeared to exist in this mishap and the
sequence of events are similar to the Pinnacle Airlines Flight 3701 mishap on 14 October 2004.

Prior to the MA’s engines flaming out and seizing, the MP had conducted a high power climb
from 23,000 feet to 34,000 feet at 130-150 knots (Tab V-1.5). Power remained high until the
MP conducted the slats checks at 120-130 knots, which was very close to stall speed at that gross
weight and altitude (Tab V-1.11). The A-10 has no hi story of high altitude engine failure and
seizure. Pinnacle Airlines Flight 3701 with CF-34 engines, operating under remarkably similar
flight conditions as the MA, did experience engine failure and seizure (Tab FF-6 to FF-9).
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Pinnacle Airlines Flight 3701 crashed after dual high altitude CF-34 engine failure and core lock.
The N ational T ransportation S afety Board ¢ onducted an i nvestigation a nd c oncluded t hat t he
core 1 ock e ngine ¢ ondition, w hich pr evented at | east one engine from be ing r estarted, w as a
contributing factor to that mishap (Tab FF-4).

The following are s imilarities be tween the mis haps invol ving the M A and Pinnacle A irlines
Flight 3701: ( 1) the aircraft was flying with high power and at high altitude and the aircraft
engines stalled; (2) the APU was fully operational throughout flight; (3) the engines would not
restart with a fully loaded APU, even after the aircraft was flown at a speed and altitude at which
the engines were supposed to restart; (4) MP testimony (A-10C mishap) and flight data recorder
information ( Flight 370 1 m ishap) r evealed no indication of c ore R PMs; and ( 5) upon pos t-
accident teardown, the internal portions of the engines showed no obvious signs of seizing (Tabs
V-1.2 to V-1.8, FF-4 to FF-5 and FF-10).

The similarities between these two mishaps raise a concern that other TF-34 engines in our fleet
may be at risk for a catastrophic seizure.

b. A-10C FCF Training

AFI21-101 and AFI 21-101 C AFSUP-1 organize and direct the FCF program at each base.
Each base d evelops their ow n pr ogram t ailored t o t heir m ission a nd n eeds, t o i nclude F CF
upgrade training. AFI21-101, Moody AFB Supplement, is very thorough on the conduct of its
FCF program. M oody requires a minimum of manual reversion and inflight engine restart to
complete the FCF check out flight. There is no particular emphasis placed on any other checks
in the FCF profile.

The MP testified that he had no experience flying above 25,000 feet (Tab V-1.22). The pilot that
conducted the M P’s F CF up grade characterized the high altitude portion as a long climb with

anticlimactic checks at 35,000 feet. The choice was made on the MP’s upgrade not to climb to
35,000 feet and accomplish the checks (Tab R-4).

The AIB contacted nine current and qualified A-10C FCF pilots to determine if the exclusion of
the hi gh altitude por tion during the M P’s F CF upgrade training w as t he c ultural norm or an
anomaly. We spoke with all Chiefs of FCF at active duty Combat Air Force units, including the
A-10 D epot Chief of Safety and a pilot with 10 years of FCF experience. Of the pilots we
contacted, five flew the entire profile t hrough the 35,000 -foot checks with supervision. T he
other four planned to fly to 35,000 feet but were unable to do so for various reasons. All nine
pilots ha d di scussed t he 35,000-foot checks,t o1 ncludet he warning about m aintaining
coordinated flight (Tab EE-5). T he MP also discussed the same warning in his training ( Tab
V-1.10). Purposely choosingt o s kip t he 35,0 00-foot ¢ heck dur ing t he M P’s F CF upg rade
training appears to be an anomaly.

All of the A -10C FCF pilots had di scussed or achieved hi gh a ltitude flight dur ing up grade
training. My impression is that emphasis was placed on methodical execution of the checklist
versus maintaining coordinated f light while operating neart he ai rcraft and engine s tall
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envelopes. This mishap has shown operating in the engine disturbance area could have
catastrophic results.

— ) (24
29 December 2011 DOUGLAS H. STANDIFER, Colonel, USAF
President, Accident Investigation Board
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STATEMENT OF OPINION

A-10C, T/N 80-0282, 20 Miles Northwest of Moody AFB GA
26 SEPTEMBER 2011

Under 10 U .S.C. 2254(d), any opinion of the ac cident i nvestigators as to t he c ause 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 adm ission of liability of the United States or by any person
referred to in those conclusions or statements.

1. OPINION SUMMARY

I find by clear and convincing evidence that the cause of the mishap was the Mishap Aircraft
(MA) engines flaming out due to being flown in a region of a combination of flight conditions of
altitude, airspeed and angle of attack that could lead to an increased vulnerability and risk of
aircraft stall and engine failure. The engines never restarted, causing the Mishap Pilot (MP) to
eject and the MA to impact the ground.

Further, Ifindb ya preponderance of e videncet hat the f ollowing f actors s ubstantially
contributed to the mishap: (1) the MA engines failed to restart due to engine s eizure, which
effectively p revented the en gines f rom r otating and starting; (2) T echnical O rder ( T.O.)
1A-10C-1, Flight M anual, USAF Series A-10C Aircraft, and T.O. 1A-10C-6CF-1, Acceptance
and Functional Checkflight Manual, Supplemental Flight Manual, USAF Series A-10C Aircraft,
do not discuss or provide guidance for the possibility of engine seizure after high altitude engine
flameout; (3) Air Force Instruction (AFI) 21-101, Moody Air Force Base (AFB) Supplement,
Aircraft and E quipment Maintenance Management, does not require 35,000-foot checks during
Functional Check Flight (FCF) upgrade training; (4) the combination of the MP’s inexperience at
flying above 23,000 f eet and the M A’s m alfunctioning s tall w arning s ystem; and (5) the M P
misprioritized an FCF checklist item over preventing the MA from stalling.

2. DISCUSSION OF OPINION

On Monday, 26 September 2011 at approximately 1448 local time, the MA, an A-10C, T/N 80-
0282, experienced dual engine failure during an FCF and impacted the ground approximately 20
miles w est/northwest of M oody AFB. An FCF is flown to ensure airworthiness a fter m ajor
scheduled aircraft maintenance. The M P ejected safely and sustained n o significant i njuries.
The M A w as de stroyed upon i mpact w ith the 1oss valued at $14,708,772.19. E nvironmental
clean-up costs a re estimated t o be $150,147. 50. T he M A i mpacted on pr ivate pr operty
consisting of a waste runoff site for an unused sand quarry. The impact left a 15-foot diameter
crater, burned 5 acres o fland, churned 1 acre of earth and de stroyed 15 pine trees. M edia
interest was minimal and mostly confined to local news stations.
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a. Cause: Engine Flameout and Failure to Restart

The mishap sortie was flown to complete an FCF that had begun the Friday before with ground
checks up to, but not including, Taxi checks. T he Friday sortie was canceled for weather. On
the following M onday, the M P updated his flight planning and conducted a coordination brief
with t he M ishap Wingman ( MW), w ho w as a irborne f or m utual s upport. O perations w ere
normal through departure.

At 10,000 feet, the MP noted that he was not able to observe proper landing gear warning tones,
but this was not a factor in the mishap. Other checks at 10,000 feet were uneventful, so the MP
proceeded to 15,000 feet for the next series of checklist items. At 15,000 feet, during the stalls
and slats checks, the slats occasionally appeared to extend late, at approximately the same time
as the stall. The MP also noted that the stall warning tones would occur late, and sometimes not
at all, without the expected buffer between tones and stall. Additionally, the stick shaker, which
provides stick a gitation as a means of stall warning, appeared to be working normally in the
landing configuration, but the tones were still not functioning properly. The remaining 15,000-
foot and 18,000-foot checks were uneventful. The MP elected to continue the FCF profile into
the high altitude checks and under a combination of flight conditions of altitude, airspeed and
angle of attack that could lead to an increased risk of aircraft stall and engine failure. There is no
explicit guidance that prohibited the M P from continuing the F CF profile without a functional
stall warning system.

At 34,000 feet, the MP performed the high altitude checks. The MP retarded throttles in order to
slow the M A for slat extension and looked over his right shoulder to observe the slats. B efore
the slats extended, the MP noticed the MA enter a stall with a slight right bank. The MP did an
aircraft stall recovery and noted both e ngines w ere 1 osing r evolutions per minute (RPM) and
Inlet Turbine Temperature (ITT). The MP attempted an engine compressor stall recovery with
no effect. A fter observing that the engines did not recover or respond to any additional throttle
inputs, the M P de termined t hat bot h e ngines ha d c ompletely failed. T he M P then c orrectly
executed the boldface procedures for a dual engine failure, electing to keep the Auxiliary Power
Unit (APU) off until the MA was in the APU operating envelope.

The MP turned south and began to glide toward Moody AFB. The MP referred to his checklist
and maintained his glide. Once in the APU operational envelope, the MP started the APU and
engaged the APU generator. Once in the airstart envelope, the MP attempted a left engine start.
The MP noted the ITT was below 200 de grees Celsius, core RPM at 0% and a fully loaded up
APU; but there was no increase of core RPM. The MP determined that the left engine start had
failed. He continued with the checklist and attempted a right engine start. The right engine also
had an ITT below 200 d egrees Celsius, core RPM at 0% and a fully loaded up A PU; but there
was no increase of core RPM. The right engine also failed to start. The MP attempted several
more restart attempts while he headed toward an unpopulated area for ejection from the MA.
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b. Substantially Contributing Factors
(1) Engine Seizure

The MP reported 0% core RPM with the APU loaded up on all engine restart attempts for the left
and right en gines. Engineering analysis of external engine components revealed no abnormal
bending of the fan blades, which suggests little to no rotation at impact. Engineering analysis
conducted on the internal engine parts revealed them to be in relatively undamaged condition
with no indication of any rotation at impact. The vane guide actuators of both engines were in a
closed position, inferring no core rotation. Engines depicted no torsional shear damage, which
suggests there was no rotation at impact. Although the internal engine parts showed no signs of
a vi olent en gine s eizure, a pr eponderance o f the e vidence, i ncluding t he M P’s t estimony,
suggests that both engines seized while descending to an APU assisted airstart envelope.

(2) Insufficient Information and Guidance

Neither T.O. 1A-10C-1 (Dash 1)nor T.O. 1A-10C-6CF-1 (Dash 6) has i nformation ont he
possibility of engine seizure following flameout at high altitude. The guidance available is silent
on what, if any, actions to take above 20,000 feet. Dash 1 procedures lead the pilot to glide to a
lower altitude where an APU start can be accomplished. However, a restart is impossible if the
engine has seized. The Dash 6 has limited emphasis on high altitude operational considerations
and does not stress the possibility of dual engine seizure and subsequent inability to restart the
engines following an engine failure.

(3) Local Training Issues/Programs

AFI21-101, M oody A FB S upplement, directs t hat F CF up grade flights r equire onl y m anual
reversion and engine r estart ¢ hecks. P ilots are not required t o pe rform a Il ¢ hecklist i tems,
including the 35,000-foot checks. The MP’s FCF upgrade training did not include the climb to
35,000 feet nor practicing the FCF checks at altitude. The high altitude portion of the FCF was
characterized by the training pilot as “painful” and “anticlimactic.”

The M P s tated t hat pr ior t o t he m ishap f light hi s a verage m aximum a Ititude dur ing da ily
operation was approximately 18,000 feet. His personal maximum altitude prior to the mishap
was estimated to be 23,000 feet. The MP had only accomplished the high altitude checks in the
simulator. T herefore, the MP was performing checklist items at 25,000 feet and above for the
first time at the time of the mishap.

Based on the guidance and training he received, the MP’s decisions and actions were logical and
appropriate. However, insufficient emphasis was placed on flying the aircraft in a region where
aircraft stall and engine failure were possible. Specifically, there was insufficient emphasis on
high altitude aircraft o r e ngine s tall pos sibilities. The M P h ad not r eceived any pa rticular
techniques to accomplish the high altitude checks and was ill-prepared for the mishap scenario,
substantially contributing to this accident.
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(4) Misperception of Operational Conditions

The FCF profile required flight checks at 25,000 feet and 35,000 feet in accordance with AFI 21-
101, Moody AFB Supplement. However, the MP had no in-flight experience above 23.000 feet.
The MA had a malfunctioning stall warning system, which would have served as an additional
safeguard. Therefore, at 34,000 feet, the MP was unaware he was operating the MA in an
envelope where aircraft stall and engine failure were imminent.

The MP had no experience and insufficient training about the intricacies and possible hazards of
high altitude flight without a properly functioning stall warning system. This lack of knowledge
led the MP to continue high altitude checks that more experienced pilots stated they would not
do, substantially contributing to the mishap.

(5) Task Misprioritization

The MP was looking over his right shoulder checking for slat extension when the MA stalled. At
the time, the MP was unaware he was operating the MA in a region where aircraft stall and
engine failure were possible. The MP misprioritized his tasks by checking for slat extension
over preventing the MA from stalling, substantially contributing to the mishap.

3. CONCLUSION

I developed my opinion by analyzing applicable Air Force directives, engineering analyses,
consultation with technical experts, witness testimony and A-10C simulator modeling. I find by
clear and convincing evidence that the cause of the mishap was the MA engines flaming out due
to being flown in a region of a combination of flight conditions of altitude, airspeed and angle of
attack that could lead to an increased vulnerability and risk of aircraft stall and engine failure.
The engines never restarted, causing the MP to eject and the MA to impact the ground. Further.,
[ find by a preponderance of evidence that the following factors substantially contributed to the
mishap: (1) the MA engines failed to restart due to engine seizure; (2) there was insufficient
guidance for the possibility of engine seizure after high altitude engine flameout; (3) there is no
requirement for 35,000-foot checks during FCF upgrade training; (4) the combination of the
MP’s inexperience at flying above 23,000 feet and the MA’s malfunctioning stall warning
system; and (5) the MP misprioritized an FCF checklist item during the mishap flight over
preventing the MA from stalling.
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29 December 2011 DOUGLAS H. &TANDIFER, Colonel, USAF
President, Accident Investigation Board

Under 10 U.S.C. 2254(d), any opinion of the accident investigators 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 of
the United States or by any person referred to in those conclusions or statements.
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