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2. SUMMARY OF FACTS: 

a. Histo of Ftint: 

(1) Two F-16CG aircraft, call signs Tulsa 11 and 12, took off from Tulsa LAP at 0914 CST 

(TAB Z-1). They were to conduct a Basic Fighter Maneuver (BFM) mission in the Rivers MOA (TAB V

1). At approximately 0945 CST while setting up for the third engage ment ,J .x penienced an 

explosion and severe engine and airframe vibrations, followed by an engine stall and stagnation (TAB J-5, 

V-1). Ittempted two airstarts, but was unable to start the engine and regain useable thrust. For an 

unknown reason, the engine had experienced a high cycle fatigue fracture of a fourth sLage turbine blade 

below the blaik platform and subsequent damage to the low pressure turbine (LM (TAB J-5, S-4, S-5, V

1). At approximately 0948 CST, ejected successfully wimthout injury wile approahizg 

minimum recommended iection altitude (TAB A-2, N-1, V-I). The aircraft crailied on priate proprty 

used for cattle grazing 1I '2 nautical miles (NM).north of Sope, OK., apprximately 120 NM south

southeakt of Tulsa International Airport (lAP Thulsa,.OK (TAB A 2,; P72). 'Acual diamage to private 

property_,wasiini '(TAB P-2).  

S( All following tines are based on-.Tulsa lbs recorded Ptakff tume oC09 14pli.sevent data 

recorded b(,the aircrafto Seal DataR.corder (SDR) ,-AB ... AA 1) The, SD •c ... t p i_ o-tile 

dt q7icý dith, and Digital Backup Unit data Aircraft mmPact7mn detuto-r ae nSDR data, systcenmm tatuS ad'•m-•a•.. -... ,.>,:- -,.,-- :-,,•k<''•:'•f.  

datatermination ARAA. .  

Te mission was scheduled as a 2 ship BFM 3 tor-aininjission iT benflsswn'lAW-MC[ (ANG). -I•-=he 

Fly'ing Training F-16 -Pilot- TraningmsrcIi-AU -2 V -UIZAA2-Y.ý53hepruzna betv of 

shptak~offswith'20, second-spacinr epnsses hcs~rnet "heare iaaei 

maneuvcr,-Jqneheat-t-guns cine rackk--xerqisq,ýbotb .vzsualand mdeyonUVim -Range -(BVR) 'BM 

eh.-¢nggemen andae returm to Tulsa IAP for recoya landmg60NA "Tub I AM by 
_ , Tutdsa 12 was flw...- , , ':.- "
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c. Briefing and Prefliiht: 

Both flight members reported adequate crew rest for the mission (K-4). The preflight briefing began at 

07'15 CST and was briefed in detail by r n Emergency divert fields were specifically briefed.  

The briefing covered all applicable items required by e g regulations (TAB V-2). Both members of 

the flight indicated they clearly understood the objectives, the general flow of the mission, and had no 

questions about the flight briefing. Both pilots arrived at their jets IAW briefed times and began preflight 

inspections. Preflight, start, taxi, marshaling and arming were uneventful (TAB V-1, V-2).  

d. FlitA•t- t: 

(1) Tulsa 11 flight was filed and cleared for the Zebra 4 stereo flight plan (TAB K-4). At 

approximately 0914 CST, they accomplished single ship takeoffs with 20 seconds spacing between aircraft 

(TAB V-1, Z-l). They rejoined into a 2 ship formation while accomplishing air-to-air systems checks 

enroute to the working area. The outbound portion of the stereo flight plan terminated when entering the 

River MOA (TAB V-1,V-2).  

(2) Tulsa 11 flight completed a G-awareness maneuver, one heat-to-guns exercise and two visual 

BFM engagements as briefed. = had some minor problems withf ir-to-air radar, but 

this had no effect on the overall mission conduct. After the second engagement, Tulsa I I and 12 split up 

with approximately 35-40 NM separation for a one-v-one BVR setup to a visual engagement Tulsa 11 

went to the southwest part of the River MOA and Tulsa 12 went to the northeast (TAB V-1).  

(3) first indications of any problems were an explosion followed by severe 

airframe and engine va ons. The vibrations seemed related to engine revolutions per minute (RPM) 

the higher the RPM, the more severe the vibrations and inversely, the lower the RPM, the less severe.  

The vibrations continued for the rest of the flight and regardless of engine RPK were so severe that it was 

difficult to read the cockpit instruments at any time (TAB V-1). At approximately 31 minutes after 

takeoff at 0944:52 CST, the aircraft engine stalled and then stagnated. The fatigue fracture of a fourth 

stage turbine blade had resulted in the ensuing damage to and drag on the LPT which drives the engine 

fan. This produced drag on the engine fan which limited and disrupted airflow to the engine compressor 

inlet, produchig-an engine stall and stagiation:-- From this point on, 2it" " was no 

longer capable of producing useable thrust (TAB. J-5)..  

(4)~ As ~ na.yzd t~ituation,.4*simultane( ý'-Uil trned toward t0e nearest 

suitbleemegency- airfied Grayson County; approximatel -60-65 NM s6utlirsduthwest ,of oito 

(TABS:-I);. Gr•yon was the s c•:o~ +=_•_ iecifllybriefed•g, aifield f 

time- Ufthe emergency (TAB V?2) The airfield haFs a 9000-FTrimaway,(rAB~AA-3Gryo 
wasouuyt 9d-Jglidig -dstaii + .b.t t ii.. dir ect- on hoping .the e.ngine.wul begin to 

r -i -eihrii _Aying-,f that were th sew nted tol-and-at the nars suitable 

airfPeld s •so --as - . engi w-bad -Iready shdnto it was xum r able- aiso 

kneW h ere s ilitianairpoti sian H-`.OK --Altog~~m thv 

1). Both airldswrless 'thaw350. I,'fctiong and i only ued Iy liiiL'czvihan a f ABV-i, 

IV 
. i - .- - -- -z -' ' 

" """"44) , o teF-6i 8000 F thi, o .txfuieil * rblemn - ture d southwestandKat to rejora 
dtu Baad ob and icudonsl 

proid asitac over wasr~i no iib lc-ini6is al 

irifigthe f4AV.).' 

,- , . -. +.. .... .... . . . . -.. . . .. ,. . . . . -. ..... .. . .. -... . -5 7 9. ..

_,.);. ,: _ '- , t-Tror the uk .ic-ie . had-eci flin , - . , _ = i.l.,
;f~f~j~ approxiitl -1;O et(i)aoeMean sea, level (SVO30F 

above ground level (AGL) and at 364 knots .calibrated airspeed,(KCAS) (TAB -J-5; V-I).- Average terrain 

elevation nca & stion was approximately 700 IFT MSL (TAB AA-5). Based on cockpit indications, 

A. =.
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*initially interpreted the engn 'malfunction as an engine rollbc pule I he throttle b a e 

position at 0945:21 (TAB J-5, V-i). Despite difficulty reading the engine instruments, 

soon no iced that engine RPM was decreasing and fan turbine inlet temperature (FTIT) was incresing, 

giving* indications of an engine stagnation. In addition to the stagnationoelt.. that the problem was 

much worse due to the explosion and continuing vibrations. OTfilhen accomplished the emergency 

checklist procedures which called for an engine shutdown to clear the stagnation and an airstart attempt 

(TAB V-i).  

(6) began to execute the Critical Action Procedures LCAPs) for an engine airstart 

(TAB AA-6). Basd on •current parameters and cockpit indications,• • laed to attempt a SEC 

spooldown airstart and established a 270-290 KCAS glide (TAB V-I, AA-I). A SEC'airstart is required 

when attempting an airstart below 10,000 FT AGL (TAB AA-6). was 'flying at 

approximately 0,300 FT AGL at the time (TAB AA-I). di id not jettisonU empty centerline fuel 

tank due to concentration on other airstart procEdures, 0 felt the weight and drag of the empty 

centerline fu•eltank would not appreciably affl:- .glide nor increasýeime aloft (TAB V-I). At 

0945:20 placed the throttle to off to clear the engine stagnation.* next moved the engine control 

switch fr6m the PRI to the SEC position at 0945:28, which is confirmed by the SDR. At 0946:33,in 
EoRn pselected START 2 on the Jet Fuel Starter (JFS) to assist with the airstart. Approximately 1 

second prior to selecting JFS START 2, the SDR shows the engine control switch was placed back in PRI 

(TAB J-5, V-I). While working to maintain the recommended spooldown airspeed of 275 KCAS, 

noticed the engine RPM had decreased below the minimum recommended 25% RPM. According to 

testimony,'Jmmediately moved the throttle to IDLE at 18-20% RPM to initiate an airstart at 0945:36 

(TAB J-5, V-I). The SDR shows the throttle was advanced to idle at 17% RPM and 6980C FTIT (TAB J

5). Despite the lower than recommended 25% RPM, the airstart began as soon as the throttle was 

advanced from OFF to IDLE, appearing to progress normally although the vibrations were still present 

(TAB J-5, V-I). At some time between 0945:33 and 0946:00, the JFS started running (TAB O-141:ýf 

ntinued to m'tain2n70-290 KCAS glide (TAB V-i).  

(7) The SDR indicates that the engine appeared to approach normal idle power indications, then 

stalled a second time at 0946:45. At some time between 0946:30 and 0946:50, the throttle was advanced 

to h4IL (TAB J-5) ýquickly recognized the second engine stall and stagnation. Although 

engine instruments s w the attempt appeared to progress normallyfel* still had the same 

problemsbhad prior to initiating the first airstart due to the second stagnation and continuing severe 

vibrations (TAB V-i): 

(8) At 0947:05 and an estimated 5000 FT MSLJ4300 FT AG! oe the throtte to OFF a 

second timfe to attempt to clear the second stagnation (TAB -J-5, AA-i)2: Since the JFS w~as now, rnng, 
'planned t6-o ~ioa'JFS assisted^ lRi airstaitL This -wovuld Allowito hold a slower airipeed in order to' 

dece rate ajd • more time. * does not-remember-what airspeed 

siowedtoTA &V-i).,The SDR shows airspeed decreasing during this `imewith-a last reco"deifspeed 

of 243 KCAS;4p&jviimatei)' 19 sei;nIs prioito ejec`tion (TAB AA-1)..Th Saatemen of .Damage to 

Privatein ropl i estimated aircraft gon ipct atay 210 KCAS (TAB P-2)..  
S.qw -a-'- I 

(9) Asrm~ed o zno~e theengine control switch ro vhi 

noicditwas alreaidy in PRI~ff lected to continue hairstart ini Pr'uni 

out oftimne dad approde ang -the mintimu recommended constrolhed nbailuit Aitrie o z t L 
(TAB .,V-i,. A~-7).M was'skepticzal abu -tn a;successf -airs'tart si-nce d-otcdn 

" j,, I 'p ....1 __ '_ -57820 

" .mpr"vemeafter the•, tý attempt (TABV-i .. the thteoD at R R 
estimated 420n 5J50 TALtjinitiate th'second_ ai~aff atept, ,(rAB.- -.~ AA-i).  

Testimoqny indicated that he thought he was higher at an estimated 7300 feet MSL (TABV-) 

(10) 'At 3300 FTr MSIJ2SOO FT AGL, had mad a conscious decision'to eject if 

the engine did not produce any usable thrust on this attempt. The engine -again tried to start, but stalled 

* - - . - -57820



and stagnatedaird and final time'at 0947:54 and an estimated 2200 FT MSIJ1500 FT AGL (TAB J-5, 
TAB AA-1). ibegan a zoom maneuver in preparation for ejeon. Simultaneouslygadvanc the 
throttle to rail one last time to see icould get any usable thrust from the engine, but the stagnation 

continued. The aircraft afeed at an unknown altitude and slowed to approximately 150 KCAS (TAB V

1). At 0948:19 ejected based on a "Canopy Open" signal recorded by the SDR (TAB 0

15).40 indicat-edthat had plenty of time to complete all post ejection procedures, watchaircraft 

crash, and then prepare or arachute landing (TAB V-i).  

Aircraft 90-0764 crashed and was destroyed at 0948:38 CST (TAB AA-I). The aircraft impacted on 

private property used for cattle grazing approximately 1 1/2 NM north of Soper, OK (TAB P-2, A-2).  

Actual damage to private property was minimal. Some damage to fencing was done by the crash recovery 

team and some by several head of cattle who were apparently spooked by the crash. A gate was also 

damaged by the cattle. Actual cost of this damage, not including soil and environmental work associated 

with the crash site itself, has not been determined because of wet conditions at the site, but is expected to 

be less than S1000.00 (TAB P-2 thin P-4).  

f. E'ection: 

ejece from 4aircraft at 0948:19 CST (TAB O-15).0 stateccould not locate the 4

line, jettisons onchute, but was not concerned. The parachute ride was very stable with no 
oscillations. landed 1 to 1 1/2 NM north of the crash site (TAB V-1).  

g. Personal and Survival Equipment: 

(1)" All personal and survival equipment inspections were current (TAB AA-8).  

(2) Other than the pilot's inability to locate the parachute 4-line jettisons during the parachute 

decent, no personal/survival equipment difficulties were noted during ejection (TAB V-i).  

h- Rescue: 

1I) l The crash occurred at approximately 0949 CST on 7 Feba 1994 (TAB A-2). At this 

itified Fort Worth C6nter by radio of the ejection. next contacted squaron 

operationi-andthe Supervisor ofFlying. -A • flew one low-ass ove

positiowas waving and appeared to be unhurt. then returned to Tulsa 

IAP (TAB V-2):-.--

(2)- 1jiid aftelpa completingloparahutc landing fallachd.b 
two civilian males in at pickup truck who wanted to know if~needed any help. not cota4M 

• on" " fuval radi6becuseW t it was more important to get to a ephone to call squadron 

opcratidIni at Tulsa LAP (TABVIP .  

I 4fý ot tothie isite by the two cMiviias in the pi&* Mi& 4Mck 

noticed there wee ~ ivilan standing irio'und the burning wrekg of~aircraft. Cnonered 

-about theii~ii*$85kmd askai local sheriff to clear the pe-ne ýIaiwayfrm. the wYreckg for it least 

1/2 mile. tlin nttio a localfarm (TABV-I).  

was drlive by the Highway Patrol -to the Hugo aI dport where Wa picked UuP 
bya fe squadron member in a privately'owned Cessna 182 and transported back totulsa .AP (TAB 

' -'"* .. .....:- ' " - "...57821



i. Crash Respone: 

Local sheriff's deputies and the state highway patrol secured the crash site almost immediately (TAB V

1). They maintained security of the crash site until the arrival of 138th Fighter Group crash recovery 

team (P-2). The wreckage was removed on 12 February 94 (P-3).  

j. Maintenance Documentation: 

(1) AFrO Form 781 and Core Automated Maintenance System (CAMS) records were reviewed.  

Examinations of pilot-reported discrepancies and maintenance actions for the 90 days proceeding the 

accident revealed no significant discrepancies which related to the mishap (TAB U-3).  

preflighted the MA at 0800 on 7 February 1994 an Cigned the Exceptional Release 

prior to the mishap (TAB U-1-6).  

(2) Review of AFTO Form 781 and CAMS documents revealed two Time Compliance Technical 

Orders (TCTOs) were not completed as of the mishap date. Neither were overdue and did not affect safety 

of flight (TAB U-4).  

(3) AFTO Forms 781 and CAMS documents reflect one overdue inspection for an operational 

check of the Arresting Gear Release which was due on 20 January 1994. This overdue inspection was 

properly documented and was not related to safety of flight. All other scheduled inspections on the 

mishap aircraft (MA) were completed (TAB U-5).  

(4) Review of the Joint Oil Analysis Program (JOAP) documentation for the FIOO-PW-220 

engine (#PW-0E713391) installed in the MA did not reveal any adverse trends or problems with 

measurements exceeding tolerances (TAB U-6).  

(5) Review of the AFrO Forms 781 and the Inspection and Time Change Forecast revealed no 

overdue time change requirements (TAB U-5).  

(6) The Equipment Review Report did not reveal any discrepancies on component inspections 

(TAB U-7).  

(7) The mishap occurred on the second flight after the mishap aircraft (MA) had transferred to 

the 138th Fi -er Group from the 363rd Fighter Wing at Shaw Air Force Base.on 14 January 1994 (TAB 

U-i). Prior to transfer, a transf•e•inspection:as done by the 363 FW'and an acceptance inspection was 

done by the 138th FG (TAB 3). Both inspcoions, were conducted at Shaw AFB. Borescope and visual 

ins- etios;sof;the engiieI Weredone-during both the transer-and acceptance ispctins.-. During the 

-accet, Piew ,noted a-simall" oil 'leak above the- engine, gear 'box, howýver 
-~ ~ c 14--, .,•,.-- ... -,--- - .o- - z"' "" "" :" 9 

subseuent uwsigation 1 1o cofiumton was within tolerances (rAB V-9): Both fth flig~ht from 

Sha*- 14Y - 17 and"ý t~heiusit figt aTuýW International -Airport on3 eriy94gnrad 

: io `,eoh'd• dismcpanciesnor si-g ct -unscheduled mdntenanc actions (TAB.U-3) ,Five TCTOs 

were COmplte4 WofliowIn -6rii~fer of the aircafL, wit none affected salti fngcr -) 

" I .. .• - ' ..- I ,.. -5 • ' '° "• e•y. --• "- " - "'. -- ety• " "'- "" o f gh . ... t "-3) " (8) "No cc practces or performance appearlto be related to the a dccdnt 

Persoe sndtoý service, prlight and lauch the MA-were qualified "n t duiith.r Review of 

personnel trainingrecords for involved mainte personnel reflect no deficiencies indocu mentation 

5TAB7U-s 
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1. En ine, Fuel, Hydraulic, and Oil Inspection Analysis: 

Post mishap samples were taken from the servicing equipment last know to service the MA. Samples 

taken from servicing carts included engine oil, hydraulic fluid, liquid oxygen. In addition, Jet A Fuel was 

sampled from refueler #12 and the bulk storage tank. All samples were analyzed by the USAF Aerospace 

Fuels Laboratory at Wright-Patterson AFB and were found to be within applicable technical order 

tolerances (TAB U-9).  

m. Airframe and Aircraft Systems: 

(1) Post-accident analysis of the engine by San Antonio Air Logistics Center (SA-ALC) 

indicated that most of the engine appeared normal except for damage incurred in the crash impact.  

However, one blade in the fourth stage low-pressure turbine was broken off below its platform at the top of 

the blade/disk attachment area (TAB S-4). Examination of the fracture surface revealed indications of a 

fatigue fracture mode. The fatigue area appeared to originate on the pressure side of the blade just 

forward of the aft face of the blade root. It then propagated all the way across the aft face and 

approximately one-half inch forward along the pressure side of the root. Based on existing procedures 

used at the time. this area was not easily nor normally inspected inspected by maintenance personnel. The 

location of this blade was almost directly opposite the location of a heavy rub on the fourth stage airseal 

knife-edges. Further, the SA-ALC investigator determined that domestic object damage (DOD) caused by 

the fourth stage blade fatigue failure and the resultant damage to the LPT rendered the engine incapable 

of producing usable thrust (TAB J).  

(2) Engine Manufacturer.  

Pratt and Whitney 
179600 Beeline Hwy.  
Jupiter, FL 33478-9600 

(3) All maintenance performed on the subject engine since it was placed in service on 13 May 

1991 was done by the 363rd Fighter Wing at Shaw Air Force Base. None appeared related to the mishap 

(TAB J).  

n. Operations Personnel and Suvervisors: 

This flight was authorized b, on a computer generated 

local flight cleitance form number 0-29 (TAB K-4) The mission was briefed LAW applicable guidance 
(TAB V-1, V-2).1. - -,,.  

0. on•.. ," :- -- .

* (I) Ejamiationof airerew flight records revealed thia M Wvas qualified and current 

in the F-16 t n ish a flight co 'mmander and a 4 ship flight leadT G, T-1, V-1).  

hasb000~hir titlfyridgtimcT&AB -V-I)." 10f ta has 2648.3 beers of 
military flightjoity of which is inrfighters.- At the time of the acci iMad 130.5 hours in 

'the F-16, all:.it in the Block 42 F-l6CG powered by the-Pratt and.1Witney42O2.np.ie..,/60/90 

day iokals weriS.e824.5I47.6 utmrs'{rAB G-3).h•arthough-r.latl "ein the F-16 h4 had 

"earned wasx medic6ally Qualified o a initialm on hecmis e (TAB.A-9,-).

was medically qualified at the time 40f the mishap (TAB AA-9). 

. .~.. 't.. ,- - . -57823 
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q. Navaids and Facilities: 

All navaids and facilities were operating and functional during the mission (TAB K-6).  

r. Weather: 

Weather was VMC and not a factor (TAB K-5, K-6, V-I).  

s. Directives and Publications: 

The following publications were applicable to this mission: 

MCI (ANG) 11-208 Flying Training - F-16 Pilot Training Instruction 

MCR 55-116 Operations - F-16 Pilot Operational Procedures 

T.O. IF-16CG-1 F-16CG Flight Manual 

* - .*




