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EXECUTIVE SUMMARY

At 1321 c.d.t. on September 6, 1985, Midwest Express Airlines, Ine., Flight
105, a McDonnell-Douglas DC-9-14 airplane, crashed into an open field at the edge of a
wooGed area about 1,680 feet southwest of the departur= end cf runway 19R shortly after
taking off from General Billy Mitchell Field, Milwaukee, Wisconsin. The weather was
elear with visibility 10 miles. During the initial elimb, about 450 feet above ground level
(a.g.1.), there was a loud noise and a loss of power associated with an uncontained failure
of the 9th to 10th stage high pressure eompressor spacer of the right engine. Flight 105
continued to climb to gbout 700 feet a.g.l. and then rolled to the right until the wings
were observed in a near vertieal, approximately right $0° banked turn. During the roll,
the airplane entered an sccelerated stall, control was lost, and the airplane crashed. The
aircraft was destroved by impaet forces and posterash fire. The pilot, the first officer,
both flight attendants, and all 27 passengers were fatally injured.

The Safety Board evaluated the performance characteristics of the DC-9-14
airplane following an asbrupt loss of power from the right engine in the takeoff phase of
flight and found the airplane to be Jocile, easily controllable, and requiring no unusual
pilot skills or strencth. Therafore, the Safety Board examined those factors which might
have caused the puots to lose control, ineluding the possibility that fragments of the
right engine separated with sufficient energy and trajectory to cause critical damage to
the airplane’s flight control system; the possibility of control system malfunction(s), which
could have rendered the airplane uncontrollable; and the possibility of inappropriate
flighterew response to the emergency.

it was determined that the loss of control was precipitated by improper
oneration of flight controls, specifically the introduction of incorrect rudder pedal forces
about 4 to 3 seconds after the right engine failure, followed by aft control column forees,
which aliowed the airplane to stall at g high airspeed (accelers:ed stall). Thus, the Safetyv
Board evaluated flighterew training of Midwest Express pilots at Republic Airlines, the
use and limitations of visual flight s.mulators used in training, and emergency Drocedures
used by, Midwest Express.

Additionally, the Safety Board evaluated factors which might have contributed
to the right engine failure, including overhaul and inspection practices at AeroThrust
Corporation, Federal Aviation Administration (FAA) surveillance at AeroThrust, and FAA
and Pratt & Whitney responses to previous removable sleeve spacer failures in JT3D
engines.

The National Tratisportation Safety Board determines that tho probable cause
of the accident was the flichterew's improper use of flight controls in response to the
cetastrophic failure of the right engine during a critical phase of flight., whieh led to an
accelerated stall and loss of control of the airplane. Contributing to the loss of control
was a lack of crew coordinstion in response to the emergency. The right engine failed
from the rupture of the 9th to 10th stage removable sleeve spacer in the high pressure
compressor because of the spacer's vulnerability Lo cracks.

During the investigation, the Safety Board issued t'ree recommendations to
the FAA related to JT2D removable sleeve compressor spacers. As g resuli of its
investigation, the Safetv Board also issued two recommendations on {lightecrew training in
response to emergencies during the initial climb phase and one recommendation on
qualifications for Principal Operations Inspectors. All three recommendaticns were issued
to the FAA.



NATIONAL TRANSPORTATION SAFETY BOARD
WASHIMGTON, D.C. 20504

AIRCRAFT ACCIDENT REPORT
Adopted: Febraary 3, 1987

MIDWEST EXPRESS AIRLINES, INC,
DC-8-14, N10(ME
GENERAL BILLY MITCHELL FIELD
MILWAUKEE, WISCONSIN
SEPTEMBER 86, 1985

1. FACTUAL INFORMATION

1.1 History of the Flight

Midwest Express Airlines (Midwest Express) Flight 208, a MeDonnell Douglas
DC-8-14 airplanc with United States registry N100ME, arrived at General Billy Vitchell
Field, “Milwaukee, Wisconsin, at 1315 c.d.t. 1/ on Septemper 6, 1883, The flighterew that
was later to take flight 105 began their duty day as the crew on the continuation of flight
206 to Madison, Wiscensin. The oncoming crew weas advised that no discrepancies had
tzen noted during the initial preilight inspecticn of the aireraft that morning, and that no
diserepancies were noted following a subsequent walkaround inspection at an intermediate
stop. The airplane reportedly was "running fine" with onlv minor discrepancies that were
not related to powerplant or flight control svstems. The oncoming flighterew reported no
additional discrepancies during the continuation of flight 206, which departed Milwaukee
at 1336 and arrived in Madison at 1355.

At Madison, N10OME was designated as flight 105; the crew did not change.
The flight was scheduled to proceed to Atlanta, Georgia, with an intermediate stop in
Milwaukee. Flight 105 departed Madison at 1425 and arrived at Milwsukee, on time and
without incident, at 1441,

About 1448, the first officer of flight 105 contacted Milwaukee Tower to
request an instrument flight rule (IFR) clearance to Atlanta. The clearance was received
and read back by the first officer at 1450. At 1453, the captain contacted the iMidwest
Express dispatch facility in Appleton, Wisconsin, and received a briefing regarding his
ronte of flight to Atlanta. The weather package applicable to the route of [light was
forwarded to the captain via teleprinter. The Atlanta forecast included a 1,000-foot
ceiling, visibility—2 miles, thunderstorms and rain showers. An alternate destination was
nlanned in the event the flight could not land in Atlanta. Contingency fuel was added f{or
wossibie en route diversions around the thunderstorms. The total dispateh fuel was
12,500 pounds. A loading schedule was forwarded to the flighterew for verification and
completion. The completed loading schedule indicated that the flight would be conducted
within the applieable weight and balance limitations. The takeoff weight was
goproximately 77,122 pounds, the recommended stabilizer trim setting was 2.2 units nose~
up, and the center of gravity was 29 percent mean aerodvnamie chord. No hazardous
material was manifested aboard the airplane.

e

i/ Al times herein ar.- central daylight, based upon the 24-hour clock.
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The captain signed the dispatsh release, which listed the previously noted
minor diserepancies. He did not report any other mechanieal lirregularities or
diserepancies. At 1512, the Before Engine Start Checklist was read and accomplished in

accordance with Midwest Express opera‘*ing procedures. Engine start was commenced at
1514. The After Start Checklist was accomplished about 1515, although the first officer

did no: report that the checklist was completed, as directed by the Midwest Express Crew
Operating Manual (COM). The first officer requested clearance to taxi to runway 19R for
departure; his request was approved at 1516:31. A Midwest E<press service agent, who
walked around the airplane to ensure all doors and panels were closed, reported that
everything looked normal before the airplane departed the gate. Another agent reported
that there were no fluid leaks after engine start.

About 1517:530, the Taxi Checklist was completed in secordance with the
COM, and the engine pressure ratio {EPR) and airspeed reference 2/ bugs were set to 1.91
end 133 knots, respectively. {The referenced indications were correct for the departure
conditions applicable to flight 105.) The Safety Board determined that the correct
takeoff speeds for a 20° fiap takeoff were: takeoff deecision speed {V1)-123 Xknots
indicatea airspeed (KIAS), rotation speed (VR)-127 KIAS, and takeoff safety speed
(VZ)-133 KIAS. At the conclusion of the Taxi Checklist, the captain advised the first
officer "Standard briefing . . ." 3/

At 1519:15, the first officer reported to the tower local coniroller,
"Milwgukee, Midex 4/ 103, ready on 19R." Fiight 105 was cleared to "position and hold”
on runway 1UR. The captain called for the Before Takeoff Cheeklist, which was
completed in accordance with the COM at 1319:38. The crew did not mention anv
aireraft discrepancies during the preparation for departure. Tiight 105 was cleared for
takeoff at 1520:28; the first officer acknowledged the clearance. Tne captain operated
the flight controls, and the first officer handled radio communications and other copilot
responsioilities during the takeoff.

The Midwest Express DC-8 Flight Operations Manual required the use of
standard noise gbetemen. takeoff procedures during all line operations, uniess preciuded
by safety considerations or special noise abatement procedures. {(See appendix C.) At the
time flight 105 departed, noise abatement procedures were in effect. Midwest Express
aiso utilized "reduced thrust™ takeoff procedures {at the eaptrin's diseretion) 1o extend
engine life. The applicable EPR reduction associated with this procedure was from 1.91
to 1.90. Review of the recorded cockpit communications confirmed that the flighicrew
was complying with the reduced thrust and stendard noise abatement takeof{ procedures.

At 1521:26.4, when the airplane was about 450 feet above the runwev, there
was & Joud noise 3/ and & noticeable decrease in engine sound. The ecaptain then remarked
"What the # was that?” 6/ The first officer did not respond. At 1521:28, the loecal

3/ Standard briefing, as defined by the Midwest Express chief pilot, is 2 phrase which
indicates it i35 a standard day and normal procedures are to be utilized. The chief nilot
said that discussion of the eventualities and responsibilities of takenff emercencies were
not required to be discussed befcre each takeoff. Standard briefir s are routinely used
when pilots are familiar with one another and departure conditions are routine.

4/ Midwest Express callsign.

5/ The loud noise was deseribed in the CVR transeript as a "elunk™ sound.

6/ Thz # symbol was used in the CVR transeript to deseribe a nonoertinent word whinh
was not transeribed.
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controller transmitted, "Midex 105, turn left heading 175." The local controlier 1a3:er
testified that at the time of his transmission he observed smoke and flame emanating
from the right airplane engine. At 1521:29.5, the captain asked the first officer, "What do
we got here, Bill?™ “he first officer did not respond to the eaptain but advised the loeal
control.er, "Midex 1(5, roger, we've got an emergency here.” Two seconds later, the
captain said, "Here"; again there was no response. There were no further communications
from the flight. Neither pilot made the eall outs for "Max Power"” or "Ignit.on Override-
Check Fuel System," which were part of the Midwest Express "Engine Failure after V1"
emergeney procedure.

About 100 witnesses saw flight 105 depart runway 19R. Most of the witnesses
reported that the takeoff appeared normal until the airplane reuched an sititude of abcut
300 feet above ground level {a.g.L). Liftoff reportedly occurred between the midfield
taxiway and the intersection of runways 19R and 25L. Many witnesses reported that they
saw smoke ard:.r flames coming from the right engine when the aisplane was about 300
feet g.z.0. and that they heard one or more loud "angs, similar to a shotgun report,”
which attracted their attention to the Midwest Express airplane. None of the witnesses
described smoke or flames coming from any part of the sirplane other than the right
engine. None of the witnesses reported se~ing parts falling from the aireraft in flight.
They said flight 105 continued to climb priefly, apparently maintaining runway heading for
a few seconds. Twentv witnesses said the airplane yawed and porpeised and/or that the
wings rocred briefly, foliowing the right engine failure. Severgl witnesses said that the
nose then came downward to a near-level attitude; some of the witnesses said the airplane
alse appeared to have decelerated near the apex of its climb. The witnesses indiested
that the airplane then rolled abruptly to e steep right bank, which increased to at least
90° Witness accounts of the airplane maneuvers during its descent to the ¢ground varied
creatly. Mlost witnesses said that the airplane made 1 to 1 1/2 rotations in a nose-low spin
in a right-hand direction. The airplane crashed into rolling terrain about 1680 feet
southwest of the departure end of runway 13R.

The ¢rash occurred at 1521:41, during daylight hours, in visual meteorological
[ R

conditions, at £2° 357 38 North latitude and 087° 54' (6" West longitude. All 31 oceupents
of the airplane were fataliv injured.

i.2 Injuries to Persons
Liurie Crew Passengers 7/  Others  Total
Fatal 4 27 0 31
Serious & 0 0 §
aiinor ‘None o 5 0 D
Totals 4 27 0 31
1.3 Damaze te Aircraft

The airplane was destroved by impact forees, explosion, and posterash fire.

i.4 Other Damage

The impact and posterash fire caused damage to low lving vegetation. trees,
gnd a fer~o within a wildlife preserve.

// One nonrevesue passenger. who was authorized to use the coevpit jumpseat and wag
seated in the cabin. is inciuded in the figures representing passenger ininries.

an 133
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1.5 Personn<}. Information

—

Both pilots met all Federal Aviation Administration (FAA) requirements
applicable to their respective erew positions. {See appendix B.) Both pilots had received
upzrade training, which led to Midwest Express DC-8 captain qualifications.

The captain, 51, was emploved by Midwest Express as a DC-5-14 first officer
on February 3, 1984. He upgraded to captain on Tebruary 7, 1985. At the time of his
upgrade, he had accumulated 4,800 flight-hours, including 600 hours as first officer in the
DC-9-14. He held an airline transport pilot certificate, which was issued on
April 18, 1984, and a DC-9 type rating, which was issued on Februarv 7, 1985. Company
records indieated that, at the time of the accident, he had 5,100 hecurs toial flight
experience, inciuding 1,100 hours in the DC-9-14 and 580 hours as ecaptain. All of his
turbolet experience was in the DC-8. Before his emplovment with Vlidwest Express, the
captlain was emploved as a corporate pilot fiving the Beech 9C turboprop Kingair. He had
logged 2,50y hours in the Kingair, including 800 hours as pilot-in-command. According to
idwest Express, he had 104 hours total instrument pilot experience when hired.

The first officer, 37, was emploved by ‘lidwest Express on February 3, 1984,
and received a DC-3 type-rating on Februarv 15, 1984, At that time, he had accumulated
11749 {flight-hours, including about 300 hours as first officer in the DC-9-14. He had
obtained the DC-9-14 pilot experience as an emplovee of K-C Aviation, Midwest Express'
narent corporation. Company records indieated that, at the time of the acecident, the
tirst officer had 5,197 hours total flight experience, ineiuding 1,540 hours in the DC-9-14,
and 1,140 hours as a DC-8-14 captain. The {irst officer had previcus turboiet experience
as an ¢-4 pilot in the U.S. Air Force.

The piiots of flight 105 reported for duty on September 6, 1983, by telephcning
their dispeteh office in Appleton, Wisconsin, {rom the Midwest Express flight office at
Mitehell Field in Milwaukee. 1t was the second day of a scheduled 2-day trip. The pilots
shared captain responsibilities by alternating days as captain. The pilot who occupied the
captain's {left) seal and assumed the responsibilities of captain on Sentember 6§, 1983,
served as first officer on the preceding dav. Similarly, the pilot who was the first officer
on the aceident flight had assumed the responsibilities of captain on September 5, 1985,
Midwest Express reported that it was very unusaal for two of their line captains to flv
togetner, although check airmen {lew with other captains fairly {requently (7-8 times per
month). The eaptain and first officer of Tlight 105 had flown together before their
current 2-day trip. :

A review of both pilots’ recent past activities revealed no evidence of medical
preblems or life situational stress problems which were present at the time of the
accident. Their eating and resting habits were not remarkable.

The captain’s most receat simulator proficiency echeck  was  on
February 6, 1983, at Republic Airlines, and nis most reecent NDC-9 line cheek was
periormed by & Midwest Express check airman on March 8, 1985, He completed recurrent
3C-2 ground training on May 11, 1285, The captain’s simulator training records reflected
that "Takeoff with Sin.ulated Powerplant Failure™ was practiced in 12 sessions, "Approach
to Stails” was practiced in 12 sessions, and "Powerplant Failure/Fire™ was practiced in 10
sessions. His flight instructor at Republic Airlines said the ecaptain practiced one
simulated engine failure on takeoff on a training flight, but FAA records indicated that he
was not checked on that maneuver in the airplune during his tvpe-rating eheekride.
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The first officer received his captain upgrade training at Republic Airlines.
He also received check airman training at Republic Airlines in June 1884, However, his
training records did not show that he had received ail of the required check airmean ground
training. The FAA Principal Operations Inspector, who was assigned oversight
rasponsibilities at Midwest Express, accepted the verbal assurance of the carrier that the
required training was completed, without checking the training records of the pilot. After
the pilot's ability to conduet check air.ran responsibilities was evaluated on May 14, 1985,
he was authorized to perform proficiency and line checks in the DC-9 girplane and flight
simulator. The Safety Board estallished that the cheek airman training records were
incomplete. Whether the required training was conducted, but not documented in the
training records, could r.ot be established.

The first officer’s most recent proficiency and line checks were ¢completed on
August 26, 1985, and March 21, 1985, respectively. Both checks were conducted by
Midwest Express check airmen. The first officer’s most recent DC-9 ground training was
completed on November 10, 1934. Training records in%icated that the first officer
practiced "Takeoff with Simulated Powerplant Failure™ in 15 simulater sessions,
"Approaches to Stalls” in 12 simulator sessions, and "Powerplant Failure/Fire" in 14
simulator sessions. His flight instruetor at Republie Airlines said he gave the first officer
a simulated engine failure during climbout et least once in the airplane. He did not reeall
the details of the flight, but he said that he normally simulated an engine failure after
takeoff in the a‘rplane at 300 to 500 feet a.g.l. by retarding the throttle to a point
{(above 67 pereent N2) where the engine would not unspool. 8/

Neither pilot had experienced an engine failure in his DC-9 line flying
experience. Both pilots were "trained to proficiency™ during eaptain upgrade training at
Republic Airlines and were considered by their peers and instructors to be excellent
pilots.

Midwest Express did not provid: its pilots with a specific course on cockpit
resource management (erew eoordination), but training and management personael stated
that the applicable principles were stressed in the training of each pilot.

1.6 Atrcraft Information

1.6.1 Ajreraft and Engine Historieal Information

N10OME, a MeDonnell Douglas DC-8-14, serial No. 47309 {fuselage No. 393),
was owned and operated by Midwest Express Airlines, Ine. Midwest Express Airlines is
owned by K-C Aviation Inc., & wholly owned subsidiary of the Kimberly Clark
Corporation. Midwest Express acquired N100ME from K-C Avistion on June 8, 1984, snd
operated the airplane until the dste of the aceident. According to Midwest Express
records, the total airplane operating hours and cyeles were 31,832 hours and 48,803
cycles, respectively, at the time of the gecident.

N100ME was manufactured in 1868 and was delivered tc the Linea Aeropostal
Venezolana (LV) on October 23, 1968. It was sold to Aerovias Venezolanas, S.A. (Avensa,
VE) on October 15, 1976, and then to K~C Aviation on January 20, 1983.

8/ "Unsnooling™ refers to the rpm of the high pressure compressor (N2) dropping to idle
rpm.
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A review of the mainterance records for N100ME indicated that the airplane
had been maintained in accordance with Midwest Express Airlines procedures and FAA
regulaticns. On the day of the accident, the airplane was being onerated with two
deferred maintenance items in accordance with the minimum equipment lisi (MEL): left
auto temperature conirol inoperative (MEL No. 99, dated August 23, 1983) and right
cockpit flourescent light switch incperative (MEL No. 199, dated August 28, 1985). There
were ns deferred tems related to the powerplants or to the flight control systems. The
maintepance recoids indicated that the requirements of all applicable Airworthiness
Directives had been met. Vlidwest Express maintenance records indicated that
inspections and cheeks required to assure continuous airworthiness of N100ME had bzen
accomplished according to schedule.

N10OME was equipped with two Pratt & Whitney model JT8D-7B turbofan
engines. Neither engine was part of the equipment on the airplane when it was delivered
in 1968. The left and right engines had accumulated 8,391 hours and 5,935 hours,
respectively, since their last engine heavy maintenance (EHM). The left engine, O/N
PESTT18, was installed on N1OOME on August 18, 1984, The right engine, S/N P654106,

was installed on NiOOME on January 13, 1883.

The last recorded EHM of the right engine was performed at Air Carrier
Engine Service {(A.C.E.S.), now AeroThrust Corporation, in Miami, Florida, in September
1979, Engine records showed that the high pressure (H.P.) compressor 9-10 stage
removable sleeve-type spacer (P/N 557340, S/N DAL 81374) from another enzine
{S/N P657253) was installed in engine S/N P654106 (later the right engine on N100ME) at
that time. (See figure 1.) Engine records for the period before 1979 were not available to
document the service histoery of the spacer: thus, the total operating timme of the failed
spacer was not Known. The 9-10 stage H.P. compressor removable sleeve-type spacer is
not 2 life-limited part.

Eng.ne maintenance records showed that the owner of engine S5/N P6541436
returned the H.P. compressor to A.C.E.S. for refurbishment in QOctober 1981, The H.P.
eompressor 9-18 spacer was repaired, inspected, and reinstailed following that rework.
The A.C.E.S. Part Routing Tag for the 9-10 spacer, dated October 12, 1981, revealed the
following operations, aceording to AeroThrust management:

A "Reject” stamp dated October 9, referred to a damaged knife edge
girseal. The mirseal was reworked by blending 9/ the damaged area. The
tubes were removed and the spacer nickel eadmium (NiCd) coating was
stripped. The inside diameter was grit-blasted. 'The spacer was then
examined using flourescent .magnetic psarticle inspection (FVPI)
equipment and passed inspection.

The spacer was then replated (although not signed off) and the tubas
were reinstalled. The spacer was machined and inspected one more time
before installatioi: in the engine.

There was no record of the nature of the previous damage which had
necessitated the rework. The specifications regarding airseal blending of the 3-10 spacer
ailowed machininz down to the inside radius, above the pedestal, to & maximum width of 2
inches in one ares, or & maximum width of 4 inches for all areas. There is no record of
the nmount of tlending that was performed.

97 Biendinz Is a term used to deseribe machining to remove or smooth a damaged area.
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On the day of the accident, the right engine had been in service 20,207 hours.
It had operated 3,782 hours and 2,584 eycles since the 1981 H.P. compressor
refurbishment. No major repairs had been performed on the right engine since its
installation in January 1983, and no diserepancies had been noted for the right engine in
the 30 days before the accident.

The left engine, S/N P651718, was purchased ny Midwest Express from Alwcit
Airlines { Australia) in May 1984, The engine was inspected, tes* rum, and determined to
be serviceable by AVIALL of Dallas, Texas, before it was instalied in the left position of
N10GME on August 19, 1984. The left engine had been operated 23,939 hours and 25,394
eveles before the accident flight. No major repeirs were roted in the engine log since the
August 1984 instaliation, and no diserepancies were recorded for the left engine ia the 30
days Defore the aceident.

Midwest Express used an in-flight monitoring program to track the
performance of its JT8D engines. Review of the engine monitoring records from July 8,
1983, ti- ough September 3, 1885, revealed no adverse trends that would indicate a
gerformance problem in either engine instalied on N10GME.

1.6.2 Certification of the DC-9-14

The DC-9-14 was certificated as a ({ransport category aireraft on
November 22, 1965. Part 4b, Airplane Airworthiness Transport Categories, of the Civil
Air Regulations required that the manufacturer:

o Demonstrate that the airplane was ‘"safely controllable and
maneuverable during takeoff, climb, level flight, descent and
landing™ {4b.130{a}).

o’ Demonstrate that it was possible to make a smooth transition fro-u
one flizht condition to another, including turns and slips "without
requiring an exceptional degree of skill, alertness or strength ¢n
the part of the pilot . . . under all conditions of operations

nor mally encountered in the event of sudden f{ailure of any engine”
(45.130(b)).

o) Demonstrate that, while holding the wings approximately level, it
was possidle to execute reasonably sudden changes in hesading, in
either direction, without encountering dangerous characteristics,
even with an engine inoperative. Also, the manufacturer was
required to demonstrate that it was nossible to execute 20° banked
turns with and against the inoperative engine. (4b.132); and

0 Determine & minimum control speed {(Vme) 10/ so that when the
eritical engine was suddenly made inoperative, at that speed, it
was possible to recover control of the airplane; with the enzine
still inoperative, and maintain straight and level flight at that
speed, either with zero yaw or, at the option of the spplicant, with
an angle of bank not in excess of 3% Vme speed was not to exceed
1.2 times the stalling speed of the aircraft {45.133). During that
maneuver, take-off, or mavimum available power, was to be
maintained on the remaining engine.

B e el -
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1.6.3 Airplane Flight Control Systems

The DC-9-10 szries airplanes (including the -14 model) have conventional
aileron, rudder, and elevator control systems. The horizontsal stabilizer is adjustable for
longitudinal trim. Latersl control is aided by hydraulicaily operated flight spoilers. The
rudder normally is powered hvdraulically with automatic reversion to cable operated
gerodynamie tab control when hydraulic power is not available. A vaw damper aids
directional stability, but = vaw damper operation is not required for flight by the
minimum equipment lst.

Additionally, a mechanism limits rudder travel at speeds above approximately
176 knots. Cable and hvdraulic system redundaney is provided to minimize the risk of loss
of aireraft control in the event that individual component parts of “he control svstem are
disabled in flight. The main control eables, the trim eables, and the hydraulic lines, which
pass through the aft fuselage adjacent to the engines, are located below the cabin floor,
well below the top of the right erngine. (See appendix G for & detailed discussion of
relevant flight controls and aircraft systems operation.)

1.7 Meteorological Information

At the time of the accident, the sky over General Billy Mitchell Fizid was
clear. Weather eonditions in the Milwaukee area were characterized by scattered elouds
and moderate southwesterly winds. The surface weather observations at General Billy
Mitchell Fleld were:

1451, Surface Aviaticn: lear, visibility—10 miles; weather—none;
temperature—89° F, dew point—76° F; wind—230° at 15 knots, gusting to
20 knots; altimeter—29.83 inHg; remarks—few cumulus and cirrus east.

1540, Local: Clear,  visibility—10 miles; weather-—none,
temperature --90° T, dew point—T7€° F; wind—222% at 15 Knots, gustiag 1o
20 knots; altimeter~-29.83 inHg; remarks—few cumulus, gireruft mishap.

Based on the 1451 observation, the density altitude was determined to be 3,200 feet.

A wind gust recorder, 11/ operated by the National! Weather Service at
Mitehell Field and located at the intersection of runways 13R and 251, showed a range of
wind speeds from 8 to 22 knots from 1500 to 1600. The wind decreased from 18 inots at
1515 to 10 knots at 1520 and then it rapidly incresased to 17 knots at 1521:30 and dropped
rapidlv to 12 knots at 1522:30. At 1516, the Milwaukee tower loeal controller advised
Midex 105 that the wind was from 210° at 16 knots.

1.8 Aids 1o Navigation

Not applieable.

1.9 Cornmunications

There was no evidence of racio communication difficulties between flight 105
and Milwaukee Tower controliers on the day of the aceident. The Daily Record of
Facility Operations indicated that all air traffic control tower equipment was operating
satisfactorily at the time of the accident.

11/ A gust recorder (anemometer) records wind veloeity only, and not the direction from
which the wind is blowing.



1.18 Aorodrome Informsation

General Billy Mitchell Field is 723 feet above mean sea level {m.s.1) and is
iocatod 6 miles south of downtown Milwaukee. It is served by five runwayvs. Runway 19R
was 3,690 feet long by 200 feet wide, and it was oriented to 187.1° magnetic. It had a
concretﬁ and asphalt surface which was wire combed and grooved. R‘*n&a\f 251 was 8,010

“zet long by 150 feet wide, was surfaced with asphalt and concrete, and wes grooved. The
&xrpurt is certificated for air carrier operations under 14 CFR 139,

Milwaukee Tower is equipped with an ARTS 01 i2/ terminal radar computer
svstem which utilizes radar data obtained from an ASR~8 13/ radar located on the airport.
Recorded radar data associated with the Midwest Express assigned transponder code 5631
were retrieved and utilized to reconstruet a track of the ground and flight prozress of
flight 105. The ARTS I radar data could not be used to reconstruet the tracks associated
with nontransponder {primary) targets, such as engine dedris.

1.11 Flight Recorders

N10OME was equipped with & Fairchild 5424 foil tvpe analog flight oata
recocder (FDRJ, S/N 7379, and s Fairchild model A-100 cockpit voice reccrder (CVR), S/N
875. The FDR sustained mechanical damage but revesgled no evidence of internal
exposure to fire or smoke. The meagazine containing the foil recording medivm was
undamaged. All parameter and binary traces were present and active: however, the
auxiliary binary traces, which are normally used to reecord indications of racdio
transmissions, were not funetioning during the accident flizht. The CVR ecasing sulfered
mechanicnl and fire damage dut the recording medium was undamaged. The qualitv of the
recorcing was good. All of the CVR channels were working.

i.11.1 Flight Data Recorder

The TDR was recovered irom the wreckuce and was forw . ded to the Safetv
Board's Flight Recorder Laboratory in Washington, D._.. It contained indicated girspeed,
indicated altitude, heading and normal sceeleration 14/ data. {See apnendix F.) Insoeetion
of the FDR {foil -ecordmg medium indicated that there was a gap in the data starting at
FOR time §0:33.5 (1521:26.4). The gap was equivalent to about & 4-sceond time interval.
At the end of the gap, several data points, normally recorded st 0.553-second intervals,
sere recorded as if they had oecurred simultaneously.

The gaps in the FDR data during the accident {light were attributed to a jumu
in the foil position which probably resulted {rom airframe vibration arid occurred about
the time the right er_.ne failed. The time correlation of the measured paramelers wasg
achieved by aligning the gaps in the recording. Subseguent correlation of the FDR and
CWVR data revealed that the "elunk” sound on the CVR cecurred at the same {ime as the
beginning of the gap.

1.11.2 Cockpit Voice Recorder

The CVR revealed that the takeoff appeared normal to the flighterew. There
was no recerded conversation t¢ indicate that the capiain relinguished econtrol of the
zireralit to the first officer, or that the f{irst officer communicated any intention to

i21’ Automated Radar Terminal System. The suffix, 1}, denotes a soecific system
cap&smty.

13/ Airport Surveiliance Radar.

14, “ha? compmeht of inertial acceleration which is perpendicular to the airplane's
fateral and torgitudingl axes.
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assume control of the aireraft during the flight.. The CVR did not record any conversation
or other indications wh' 1 would confirm the extent to which the crew recognized the
nature of the emergency nor did it reveal what actions vere taken by the erew to respond
to the emergeney. (See appendix E.)

The No. 1 channel of the CVR was connected to the passenger intercom
svstem. The recording was 32 minutes long but only the last 7 minutes were transeribead,
encompassing the tiw}e from engine start an*zl the end of the recording. The transcript
begins at 1514:33 e.d.t. with the start ¢f the No. 2 engine. The engine power inerease,
associated with the commencement of the takeoff, occurred at 1520:43. The engine
volume and frequencies, which were measured on a sound spectrum analyzer, seemed
normal until 1521:26.4, when a loud "elunk” sound was heard. Almost immediately
foliowing the "clunk,” ‘"we rom of one of the engines decr2ased noticeably. At 1.2 seconds
after the "cwmunk,” the captain excluimed, "What the # was that?" At 1.5 seconds after the
"elunk,” .he rpm of the second engine began to decrease, but at z slower rate than the

i*-:t.. The captain asked, "What do we got here Bill?" There was no response {rom the

nfficer. Analysis of sounds recorded by the CVR revealed that the stall warning
cks}mxmr activated nt 1121:76.0 and continued unt’l the end of the recording. Two
conds after the siickshaker activated the captain exelaimed, "Oh . . ." Shortly
erward, the a‘“glape’s altitude began decreasing rapidlv. One flight attendant,
iaimed "Heads down” three times. The electrical power to the CVR was interrupted at
:38.8 {or about 0.1 second. At 1521:41.7 folO »f a second before the recorder
ped}a . le "whoop' could be heard from the ground ~roximity warning svstem.
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1.1L.3 - N Sound Spectrum Examination

The CUVE recording was examined using the NTSB Audio T.aboratory - Bpeetral
Dynamics 5SD-350 scund spectrum analvzer to document the sounds which were in
{requencyv ranges normally associated with engine operation. Some of the sounds heard
were in the V0-I00 Hertz (Hz! range. Sounds produced by the rotation of the high pressure
eomoresser {NZ) of a JT3D engine are in this frequenev ranze. Those sounds were
measured starting at engine spool-up Sefore takeoff and continued until 1521:41

Sounds similar to those produced bv the fan section {N1) of the JT8D engine (in
a higher {requency range! were identified but were not heard until about 3 seconds before
‘ cm: "chmk"’ at 1221:26.4. The Nl-tvpe sounds, which were very faint and eould not
; e stiekshaker activated at 1521:356.0, were de-ermined to have emanated
from the }eft engine. Fan seution speed wes calculated by dividing the number of first
stege fan section biade- 30 into the blade passing frequency 13/ documented by the
sound spectrum analizer =‘~"1nt0dz. Sa milar caleulations were conducted for the N2 fan
section. These ca;caiatmn:, were used te evagluate the N1 and N2 values during the perind
in whieh the loud "clunk”™ was recorlded on the CVR snd bevond. The N1 and N2 vslues
revealed that:

ign

fat

t ergine rpm, as measured by N2, fell off rapidly
ely Tollowing the loud "elunk™; and

3

Hme

{2)  The left engine rpm., as measured bv N1 and N2, fell off at 2 slower
rate starting about 1.5 seconds after the "elunk” sound.

15/ Characteristie biade passing

CaUSIRT pressire pulses in the air du

requency is assumed to result from the fan blades
ing rotation.

I
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1.11.4 Time Correlation of CVR, PDR. Radar, and Air Trafi:e Control Information

The data available from the CVR, the FDR, the air traffic contrcl (ATC)
transcript, and the recorded {(ASR-8) radar data inecrporated diffe.ent reference times.
The CVR timing (elapsed time) was correlated to the ATC transcript timing and the radar
data timing, which were based upon universal coordinated time (UTC). The timing of the
FDR was correlated with the radar data by comparing plots of radar and FDR-indicaled
#ititudes which preceded the engine "elunk."” The correlstion between CVR and FDR data
was performed by overlaying the CVR time line over the plotted FDR data. Several
points were time correlated such as the gap/engine elunic point, the 100-knot callout, the
¥1 eallout, and the ends of the recorded CVR and usable flight éata. {See appendix F.)

1.11.5 Stetic Pressue Error

At 00:57 FDR elapsed time {1321:30), the FDR data indicated an excessive
increase in the climb-rate, while the vertical acceleraticn data indicated a reduction of
normal acceleration forces from about 1 G to about 8.3 G. The reduced G load suggested
forward control voke input and 2 reduced climd rate, contrarv tc the recorded altitude
data, but consistent with witness observations.

The rapid increase in FDR-indicated sltitude revesgled that the indicated
agireraft clird performance was in error and contrary to the Xnown performance
eharaeteristic - of the airplane. It had been expected thet a reduction 53 3 load beiow 1.0,
o have decreased the rate of climb. voi the FDR Liieatec a rapid inerease in
altitude. By integrating the accelerometer data, thz wmeaximum altitude which the
airpiane aetually | 2ached was determined to be abeut 1,400 feet m.s.l., net the indicated
1,570 feet :is.. Douglas Alreraft Compeny flight test data showed that the difference,
170 feet, could nave resuliad from static pressure error. Information, interpoiated from
Douglas flight test detn, revealed that the 170-foot indiested sltitude error (higher than
actual) was zconsistent with a sideslip 16/ angle of about 15% Such a sideslip, according to
e Dougias data, wonld produce s static pressure error and false indications in the
instruments which are dependent upoIn pitol-static informaticn. 7The static pressure
source for the FDR ‘: the airplane’s alternate static pressure source. The eaptain’s and
irst officers altitud: and airspeed instruments {and verticel speed) usad the normal pitot
tatic system, which is iess sensitive to sideclin-inCuced errors. Thus. =hile & 15°%sidesiip
would cause the FDR 10 record airspeed about 14 Xn~1s 10¢ v zh, the same sidesiip would
cause the cockpit instruments to reflect onlv azout 2.7 of the FDR airspeed (€ knots) and
aititude ervor (113 feet).

[¥/

1.11.6 Lireraft Flight Profile Information Based On Recorded Data

The FDR {oil revealed that the taxeof{ roll and liftof{ were nornal, with
{ occurring near the intersection of the midfield taxiway and runwsv 18R, about
feet from the start of the takesif roll. Rotation to the takeof? attitude oecurred at
Knots., NifOME gecelerated to 188 knots with a rate of c¢limb of about 3.200
faet/minute, indicating & normal two-engine initial takeoff flightpath. N180VIE was ahout
7,600 feet down the runwav when it reached a height of 450 feet above the ground and
when the right engine failed. Radar daia indicated that the airsiane was near the left

I
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15/ Yaw is the roialional movement n=bout the airplane vertical axis from a fixed
reference point. Sideslip is the sideward movement of the airplane, where the relative
wing is offset to the jefy or right of the lonzitudinal axis of the airnirne.
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edge of runway 1i9R at engine failure. This displacement left of the runway centerline
was considered in evaluating the distribution of engine parts, which were found near the
runway, in analysis of the trajectory of engine parts. The heading trace showed that
N100ME continued essentially straight ahead for the first 4 seconds after the right engine
failure. Radar data confirmed the tracking of the airplane essentiaily straight ahead.

Four seconds after the right engine failure, the FDR heading frace began t¢
deviate substantially to the right {from about 194° to a heading of 214% over a 5-second
period {4° per second). The heading then deviated to the right at a more rapid rate {to
2609 in the next 3 seeonds (15° per second). Comparing the heading change to the radar
track of the flight revealed that part of the heading change, that is, the difference
between the aciual track and the heading, was due to sideslip. The sideslip began about 4
seconds ~fter the right engine failure and increased rapidly in the next few seconds.

For about 3 seconds after the right engine failure, the FTDR vertiesl
acceleration trace remained at about 1 G. It then dropped sharply to ghout 9.3 G in the
next szcond before inereasing to a value of 1.8 G. The ¥DR and aerodvnamic data
indicated aircraft stall at the peint where vertical acceleration reached 1.8 G.

Based upon a liknot FDR airspeed error due to sideslip and induced static
oressure error, the actual airspeed loss from right engine fsilure to stickshaker would
have been about 17 knots. Correcting the FDR data for sideslip and static pressure error
revealed that the aireraft stalied sbout 148 knots equivalent airspeed (KEAS), 17/ or

about 156 KIAS {crew instruments).

On the accident fiight {20° flaps), the t G stall speed was 114 KEAS und the
predicied stickshaker speed was 118 KEAS, When aireraft loading is in excess of 1 G
flight, the aiceraft will stall ai a higher speed {accelerated ctall), consequently inereasing
the stickchexer activation speed. Similarly, when the aireraft is rolling, the stickshaker
speeds inere” te. The follow:ing table reflects the predicted variations in stichshaker speed
as {unctions of load factor and roll rate. The stickshaker stall warning device is
dependent on angle of attack. Deceleration al a rate in excess of 1 knot per second

and/or abrupt pullup maneuvers would reduce the 4-second warning time normally
provide by the stickshaker stall warning svstem.

Roil Rate Stickshaker Speeds (KEAS) Stickshaksr Speeds (KEAS)
Degrees/Second with 1.0 G Loed Factor with 1.5 G Load Factor
g 118 144
3 120 146
in 122 148
i.12 Wreckage and Impact Information

1.12.1 General

N10OME strack the ground in a clearing, in a relatively level, partially wooded
field. Ground slevation of the initial impaect point was about 880 feet m.s.i. Initial
contact was 2t the northern end of a 275-foot -long wreckage path where there were two
17/ At these speeds and altitudes, KIAS and KEAS are generally considered to be the
same, if there are no instrument errors or static source errors. A static source error
would create a difference between KEAS and KIAS.
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parallel gouges about 14 feet apart and which were initiaily 4 to 3 inches wide. One gouge
was 28 feet long, and the second gouge was 30 feet lonz. Both gouges were oriented to
183% Pieces of the right elevator and horizontal stabilizer were imbedded ut a 90° angle
to the ground along the length of the 28-foot gouge. The width of the 80-foot gouge
gradually inereased to 3 feetl D inches at the southernmost end and contained right wing
fragments. Pieces of the righ! wing tip were identified at the norib end of the 80-{oot
gouge. The right engine was lving across the midpoint of the gouge. Bevond the initial
gouges. the remainder of the wreckage of N1O83)ME was strewn about a 200-foot-wide
nath.

The wreckege was {ragmented and was largely consumed by fire. Airplane
pieces, ground, snd trees in this area were blackened and scorched bv fire. Pieces of all
flight control surfsces and the extremities of the airplane, such as nose, wingtips, tail
surfaces, and engines, were found in the impact area.

Engine-reiated parts from the right engine were found up to 200 feet to the
left side and between 7,200 and 8,208 feet south of the north end of runwav 19R. The
parts included compressor Dlades from the 9th and 14th stages of a Pratt & Whitnev JT8D
engine and parts, which totaled 80 percent, bv weizght, of a 9th to 10th stace (9-10) high
pressure COMpDressor spacer. With the exception of the engine-related parts found on and
aGjacent {0 runway 18R, the wreckare of NIOOVIE was recovered “rom the airplane
impuct zres. (See appendix T}

The =attitude and flightnath angle of the airplane at {mpact were estimated v
pictorially aligning the ground scars with the corresponding airplane parts. Using a scale
Zrawing ol the airpiane, the right wingtip was plaeed at the north end of the long ground
scar and the {lightpath of the right horizontsl stahilizer was sligned with the shorter
ground sear. The awrdiane drawing was then rotated to pring its flightpath into aligament
with the end of the long ground sear. Thus, the Safeiv Board determined that flight 105
had impacted in about a %6° right roll with the nose about 28°below the heiizon in g 31°
right vaw. The flightpath immediately before impact was determined to hrve deen shout
837 Gownward.

1.12.2 Detsails of Wreckage Examination

Fuselaze.--Tre {uselage was fragmented and burned. Vost of the idetifiable
nose section componenis were found near the south end ¢f the wreckage path.  Aft
fuselaze Dieces were found from the north end of the wreckage path to a point 1586 feet
from the ialtial impaect int. FPieeces of the sft fuselage were examined for potentisi
sunctures which might have occurred if parts ejected from the right engine had contacted
the {uselage Defore ground impaet. Seversl pieces were submitted to the Salety Boards
Ngterizis Laboratory for further examination. For example, punctures were found in the
fuse’age &t about {uselage station {F.5.} 884, § inches bzlow the right encine ovinn fairine.
in the vicinity of the punciures the {uselage skin was extensively torn. 1 ‘ever, ncne of
the fuselaze skin section: which contained susticious-looking punctures were adijacent to
avdreulio lines oo malor conirol cables.

¢

wings.——The wing strocture was desiroved with pieces sirewn about the erash
site.  The largest pisces recovered were {rom the left wing and included a J4-foont-long
cathoard section with the aileron ang irim (&b attached, although thev were batiered and
partiajly consumed by fire.  Both angle of attack vanes {(stall warniag system 1ift



transducers) were recovered but the right vane had separated from the wipg and was
damaged. A I-foot piece of the left wing leading edge, from sapproximately the
vortilon 18/ position to the outboard end, was intact.

The vortilon was partly attached to the wing with portions burned away. The
wing leading edge suriaces available for examination were smooth and revealed no
evidence of surface corcosion. Several pieces of right wing leading edge were found to be
smooth and free of corrosion.

Three battered and fire-damaged right aileron pieces were found near the
initial impant area. Portions of both right aiieron control tabs were found within the
ailercn structure. The left aileron, with portions of the control tabs attache. was
battered, but intact and attached to the largest piece of the left wing.

All four flight spoilecs were attached to their respective actuators and were
found in stowed positions. Al four spoijcs actuators were retracted and locked. The left-
hand speiler Dypass valve operating handle was found in the ON position with the lock-pin
in place. The right-hand valve operating handle was missing, but the indicator was
oointing to ON.

Right flap pieces were found in the initial impact area. Al} flap hinges and the
flap hydraulic sctuators were separated from the flaps. The left flap was recovered in
two pieces. Each piece was relatively intset except for some fire damage at the trailing
edge of the outboard piece. It was not possible to confirm the preimpact flap position
from the remaining flap fragments. Both ieft flap actuators were recovered. Internal
examination of the cylinders at the Safety Board's Materials Laboratory did riot revesl
merks made by the pistons at the moment of impact. Examina*ion of the piston rods
revealed bends in three rods 2 3/4 inches from the piston rod end. Comparison of
MeDonnell Douglas data and measurements from an airplane similar to the accident
airplane revealed that the piston rods were in a position corresponding with 28° to 28°
extension when they were bent.

Crew conversation, recorded by the CVR, indicated that the flaps were set at
20° for takeoff and did not reveal any indication that the flap position was changed after
takeoif.

Empennage.—-The piteh and directional {vaw} eontrol system pieces were
Dattered and fire camaged. There was, however, no evidence of foreign object damage
{FOD} 1o the actuators, push-rods, or hinge brackets. All fractures appeared tvpicsal of
overload separations. The captain’s and first officer's fractured left rudder pedal support
arms were removed and sent to the Safety Board's Materials Laboratorv for detailed
examination.

The vertical stabilizer was found resting on its right side, separated from the
fuselage, largely intsct from its lower attachment points to the hovizonta) stabilizer
jackscrew. Much of the left side was severely fire damaged. No punctures were found in
the remaining left side skin. The right side skin of the vertical stabilizer was sooted and
discolored but largely was intact. Punctures and gouges were examined carefully for
evidence of contact or damage caused by ejected engine parts. All of the observed
punctures were in areas which did not contain control system components. Some of the
punctures and gouged areas were removed for detailed laboratory examination.
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13 enera’ g pylons) are installed on the wing lower surfaces to provide
airflow control.
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About 12 feet of vertieal stabilizer rear spar structure (from 2 fect below the
fuselage/st” bilizer junction to 10 feet above that junction) was intact. The spar was heat
damaged and had partiallv meited away. This portion of the rear spar revesaled no
evidence of penetration or cuging damage. The two hydraulic lines for the elevator
DOwer Doost system wete still ~outed along the rear spar; the lines were intact except at
the top and bottom of the stebilizer where they were broken and distorted. Broken
portions of ihe upper and mid-hinge bracket boits for the rudder were still mounted to the
vertical stav’lizer. The fracture surfaces were typical of vverload damage.

The rudder was nearly detached from the vertical stabilizer and had suffered
extensive fire damage. A 2-foot piece of rudder leading edge remained attached to the
vertical stabilizer at the lower rudder support post. it was heavily fire damaged. The
rudder sector linkage mechanisms at the base of the rudder were still attached io the
rudder control tab, although heavily heat damaged. The control tab input arm at the base
of the tab torque tube was broken. The bracvet arm mount at the bottom of the torgue
iube glso was broken about 4 inches from the centerline. The bracket and arms for the
nydraulic actuator linkages to the rudder were intact; there was no evidence o
preimpact FOD in this area. The rudder hydraulie actuator was still attached to th-
tudder drive arm.

A rudder section, approximately 6 feet long, which consisted of leading edge
material back to the front spar ard center and upper hinge areas, was recovered. The
hinge brackets were broken; howaver, pieces of bracket structure were still attached by
the pivot bolts of both the center and upper hinges. The fracture surfaces weare typica? of
over 'oad. The rudder damper was still attached and was movabie with normal resistance.
The damper control arm which attached to the vertical {in was broken. A 1 1/4- by 1/8-
inch horizontal cut was found in the rudder ieading edge skin spproximately 2 1/2 inches
above the center hinge area. The cut was at the crown of the leading edge and had
penetrated the skin; however, a plate beneath the surface was not penetrated. No other
penetration damage was noted.

A 17-inch pieca of rudder control tab leading edge (from the base pivot point
to the lower hinge) was recovered. It was heavily {ire damaged; however, it exhibited no
gouge damage.

The yaw damper was removed from the wreexkage and disassembled. No
evidence of preimpact failure or malfunction of the vaw damper was found.

The left horizontal stabilizer was severely burned. The largest remaining
intact portion was a 20- by 356-inch rear center section with a piece of vertical stabilizer
pivot structure attached. The right horizontal stabilizer was disintegrated. The majority
of the identifiable pieces were recovered from the initial impact ground scar. No
evidence of foreign object penetration or corrosion was observed in the pieces that were
available for examination.

The primary and alternate electric trim aciuators and planetarv cearbox had
broken off the jackscrew that is used to adjust the position of the horizontal stabilizer in
flight. The direction of the fracture was consistent with the attitude gt which the
aireraft struck the ground. The length of the jackserew extension carresponded to 2.05°
airplane nose-up trim, close to 2.2 units nose-up trim set by the crew before takeoff.

Seven fragments of the right elevator, accounting for all but the aft ares at
ihe inboard end {which was burned away), were recovered from the wreckage path. There
were no punctures through the recovered elevator pieces. An area of the lower trailing
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edge surface, which contained scrape marks, was removed for laboratory examination.
There was no evidence of FOD in a 47-inch section of right elevator contrcl tab which had
sepavated from the elevator.

A 12-foot piece of left elevator leading edge was attached to the horizontal
stabilizer. The leading edse contained no punctures. The remainder of the left elevator
was consumed by fire. Similarly, the left elevator control tabs were completely burned
away except for portions of their leading edges.

The elevator control tab belleranks were still attached to the torque tubes
within the horizontal stabilizer, although they were heavily fire damaged. The bellerank
ends of the elevator control cables were still attached although the other ends of the
cables were broken. The broken ends had parted in 2 manner consistent with tension
overload. On the remaining elevator and horizontal stabilizer pieces, which were not
consumed by fire, no puncture marks were evident.

Flight Control Linkages and Cables.—-The extensive breaskup of NIOOME
following ground impact resuited in broken and distorted belleranks, sectors, pullevs, and
cables which had been associated with the cable control system. Four cables, which were
for primary control of the elevator and rudder, were recovered from the left side of the
fuselage in the area of the lavatories and outfiow valve and aft of the aft pressure
oulkhead. The broKen ends of the cables were tvpical of tension overlcad failures. Two
rudder trim cables and a stabilizer {eedback cable, which had been routed along the right
side of the aft fuselage, were examined. None of these cable fractures disclosed evidence
of preexisting failure ¢. material defect.

A 2)-foor piece of elevater control cable, routed from within the vertical
stabilizer, revealed a fracture consistent with tensile overload. Two stabilizer position
cables, which had bDeen routed through the vertical stabilizer, alsc had broken ends which
were typical of tension overload failures.

About 200 feet of primary elevator and rudder control cable were identified
and examined with regard to fracture mode and for mechanical damage. Another three
sections of primary conirol cable, each r9out 22 feet long, were recovered from the
vieinity of the outflow valve and were similarly examined; however, the cables eould not
be precisely identifted. Al primary elevator and rudder eablie breaks were tvpical of
tensile overload ¢r were brittle fractures due to overheating. The sections of esble whieh
nad broken strands or which were otherwise suspect were submitted for Safety Bosrd
laboratory examination. No evidence of preexisting damage was noted.

About 115 feet of rudder trim and stabilizer position cable were examined,
disclosing tensile overload and brittle fractures associated with overheating. One piece of
right rudder trim cable similarly revealed tensile fractures and = brittle fracture
associated with overheating.

The elevator sectors at the top of the vertiesl stabilizer were each in one
piece but were fire damaged. The right elevator torque tube was intact with a broken end
of the elevator control tab rod attached. The rod end fracture was typical of overload
failure. The left elevator torque tube, including the entire elevator control rod, was still
attached to the top section of the vertical stabilizer. The rod was straight with the
attachment Dolt to the tab still in place. The tab end of the rod was heat damaged and
the tab structure had melted from around the rod end. The control rods for the lef¢
elevator geared tab wers still attached to the left elevator leading edge structure. Both
rods were straight with the aft attachment bolts intact. The elevator gear tab
attachment brackets had melted from around the gesared tab rods.
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The right elevator geared tab rods were siill attached 1o the elevator
structure. Both ands of the inboard rod were stiil attached, one to the elevator and the
other to a piece of tab structure. The outboard rod was attached at the forward end to
the elevalor strueture but was broken at the aft end of the rod end fitting. The fracture
was typical of bending overload. The right elevator control 12b rod was not recovered
except for the forward attachment fitting which was still attached to the torque tube
structure.

Hydraulic Systems.--The hydraulic systems were fragmented and burned as a
result of impact forces and the effects of the posterash fire. The hvdraulic systems were
examined to determine whether there had been any interruptions io hydraulic ower
before impact. The hydreulic reservoirs exhibited f{ire and impact damage. Similarly,
numerous hydraulie lines, the right auxiliarv hydraulic pump, and the right hydraulic
system pump/motor all exhibited extensive impact and fire damage. Eicht hvdrauilic
accumulators were recovered but were fire and impaet damaged. One accumulator
indicated a pressure of 500 psi. Both hydraulic system filters cortained burned hydraulic
fluid; the magnetic plugs were clean.

Both elevator augmentor cylinders and the right elevator control valve were
tested and found to operate normally. The left elevator control valve was fire damaged
to the extent that ii could not be tested. The postimpsaect condition of the elevator
sugmentors did not allow the identification of the preimpaect positions.

The rudder power shutoff valve, valve sector, and cranX were recovered near
the airplane impact point. Examination of the rudder power shutoff{ valve revenled a Dent
control rod and discoloration which were consistent with rudder hvdrsulic power on.
Hydraulic fluid was within the actuator resevoir. A mcasurement of the rudder power
actuator {(actuator eyedolt to rudder crank) was eguivalent to 1.5°%0 1.75% rudder trailing
edge ieft of center. The rudder trim snd load feel mechanism measurement was
equivalent to the rudder trailing edge being 2.5° left of center. The pesition ol the "Q7
ballows hook to the rudder power eylinder actuator pushrod indicated neutral rudder. The
gripper arms of the rudder tab lockout mechanism were found essentially against the
roller, indicating that the mechanism was in the manual rudder position. Loss of hvdaraulic
sressure would sccount for the rudder tab lockout going 1o the manual rudder position.
The rudder hydraulic sctuator exhibited no evidence ¢f preimpact damage. The
lahoratory examination of the hydraulic pressure and return lines (from the rudder power
actuator tc about 40 inches forward of cant station 988.4) did not reveal evidence that the
fractured areas had been damaged because of another ebject impacting the lines.

Landing Gear.--All three landing gear had separated from the asireraft
structure but remeined in the wreckage area. All three landing gear actuators were
attached to their respactive gear struts and were in the gear "up” positions. All six tires
were intact. Recorded ecockoit conversation disclosed that the landing gear were
retracted after takeoff and did not reveal any indication that the landing gear were
subsequently extended by the crew.

Right Engine.~~The right engine was found resting on its right side, stiil
atigched io a portion of the pylon structure, about 40 feel south of the initial impset
point of the airplane. The engine revealed evidence of a frontal impaet with the ground
which left dirt deposits within the right side of tne inlet case. 'The engine exhibited
impuaet damage but was intact {rom the inlet ease through the thrust reverser. The engine
thrust reverser was found in the stowed position.
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Examination of the right engine revealed that the 9-10 stage compressor
spacer had ruptured and separated from the engine, liberating all of the 9th and 10th
stage compressor blades. The blade outer shrouds showed evidence of sevare abrasir?n,
tyroical‘of airfoil release at high rotationel! speed. There was an opening in the rear skirt
of the intermediate case from the 11 1o 1 o'clock position iviewed lcoking forward), which
was 4 inches wide axially and 7 inches long circumferentially in the plane of rotation of
the missing 9-10 spacer. A piece of vane shroud was protruding through the rear skirt into
the fan airflow duct. There were no other holes through the compressor case. The
internal damage was consistent with a sudden failure initiated by the rupture of the 9-16
spacer.

Metalization of fuel nozzles and burner can domes, thermal cracking of first
stage turbine plades, and metallographic laboratory tests showed that the first and second
stage turbine blades had been subjected to temperatures well in excess of normal
operating temperatures; all were consistent with turbine overtemperature operation,
secondary to the effects of the spacer rupture.

Examination of the 12th stage compressor blades revealed that the majority of
the sairfoil fractures exhibited tensile or shear characteristiecs. Nine blades, however,
showed evidence of relatively shallow fatigue progressions with multiple origins along
convex airfoil surfaces. The fatigue was tvpical of low eyele, high stress eracking. None
of the fractures appeared to be primary in nature.

Most fan blades which were in areas of case deformation were buckled. The
third and fourth stage turbine blades similarly were buckled in a manner typical of little
or nic rotation of the rotors at impact. The EPR transmitter linkage indicated 0.85 (sub~
idle) at impact. Examination of the engine revealed no evidence of bird ingestion or
other significant FOD,

Both the upper and lower rigiit engine cowlings were exXtensively damaged and
had broken apart. Some pieces of the upper cowling, however, remained attached to parts
remaining from the lower cowling, including:

{1} Three cf the four inboard upper cowling hinges were lat<hed, with
portions of the apron and upper cowling attached. The fourth hinge
was not latched but was intact; and

(2} Al four outboard upper cowling latehes were latched, with portions
of the upper and lower cowling attached.

A 3-foot section of the forward upper cowling was recovered and contained a
hole, 2 square inches in size, which appeared to have progressed from inside to outside the
cowling. The location of the hole was determined to have been 16 inches forward of the
plane of rotaticn of the 9-10 stage compressor spacer. None of the cowling pieces which
had been adjacent tc the hole in the engine were identifiable becsuse of extreme
distortion and tearing of the cowling. There was no evidence that the right cowling had
opened before ground impact.

Left Engine.--The left engine was found in a wooded area in heavy vegetation,
gbout 180 feet south of the right engine and near the south end of the wreckage path. The
engine had sustained severe impact damage in the inlet area between the 3 and 9 o'clock
positions (viewed looking forward); the i{ull length of the engine case had been damaged or
distorted by impact. The front fan case was ovalized over a wide ares centered sbout the
4 o'clock position. Markings, such as dlue paint smears, rivet witness marks, and red paint
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transfer on the right side of the engine nose cowl, were