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NATIONAL TRANSPORTATION SAFPETY BOARD
WASHINGTON, D.C. 28564

Adcpied July 7, 1981

ATRCRAFT NCIDENT REPORT
NORTHWEST AIRLINES 73
MeDONNELL DOUGLAS DC-10-40, N143US
LEESBURG, VIRGINIA
JANUARY 31, 1981

SYRNOPSIS

4bout 1808 e.s.t. on Januaryv 31, 1981, the No. 3 engine failed as Nortiwest Airlines
Fiitght 79. a MeDonnell Douglas DC-10-40, N143US, was climbing through &,050 feet after
departing Dulles International Airport. Chantilly, Vlrginia The flightcrew performed the
appropriate emergency procedures requested an immediate return io Dulles. and dumped
40,060 pounds of filel.  The aircraft. with 10 e~ewmembers and 43 passengers aboerd,
landed on runway 12 at 1825 e.s.t. without further incident. No ore aboard was injurzg,
end damage to the aircraft was minor. There wes no demage to property or injury to
persons o the ground.

The National Transporiation Safety Board determines the; the probable cause of the
incident was the high evele fatigue fracture of the Yo. 30 fan biade in the No. 3 engine.
The origin of the “.tigue fracture on the leading edge of the fan blade was a preexisting
high temperature are burr; from an undetermined scurce. Contributing to the damage to
the aircraft end the No. 2 engine was the failure of the No. 3 engine nose cowl and fan
containment case f{langes/fasisners due tc aerodvnamic loading, fan imbalance, and
fan/Tan case interaction which resulted in an inflight separation of the nose cow! assembly
and the fgn containment case.

FACTUAL INFORMATION

History of the Plight

Orlianuary 31. 1881, Northwest Airlines Flight 79. was being operated as a domestic
seheduled passenger flight from Boston. Massachuset tts, 10 Seattie, Washington, with en en
route stop & Dulles International Airport, Cheantiily, Virginia. The captain stated that the
flight from Boston to Dulles was normal and he was impressed with the performance of
the aireraft and engines. Flight 7¢ taxied from the Northwest Airlines ramp at 1755, 1/
received an instrument flight ruies {IFR) air traffic control clearance. end was directed to
runway 01%L for takeoff.

The aircraft departed the sirport at 1801, using level two reduced thrust takeoff
setting. with the first officer flying the aireraft. Flap and lending pear retraction were
rormal and Flight 78 was cleared by Dulles Departure Control to turn directly on eourse
to ;he artinsburg Verv Kigh Frequency Omnidirectional Range (VOR) end tO elimr i0
7.009 feet. The flighterew stated that, as the aircraft was climbing through 6,000 fee..
they heard and felt gn explosion. accompanied by heavy eireraft buffeting.

17 Al times are eastern standard, based on the 24-hour cloek.



The first officer esiled out that the No. 3 engine had failed. The flightcrew stated that
thev aiso lost the No. 3 electrical system and the No. 3 hydraulic system at the same
time, The electrical system failure esused the ioss of the first officer's {light instrument
panel lighting,

The captain assumed control of the aircraft whiie the first officer and the fiight
engineer accomplished the appropriate emergency checklist procedures. The captain
requested an immediate return to Dulles and was directed to turn right to a westerly
heading. The erew jettisoned 40,000 peunds of fuel to reduce the weight of the aireraft
below maximum landing weight. The flight was given vectors to a southerly heading for a
landing on runway 12 at Dulles and the Crew restored eciectrieal pewer to the No. 3 bus.
Since the No. 3 engine hycraulic system was inoperative, the crew had to make a 365° trirn
on the base leg to lower tixe landing gear using the emergency landing gear extension
procedure. Flaps and slats were extended nermally and the aireraft landed on runway i2
a2l 18253,

The captain stopped the aircraft »n the runway, and after = crash rescue crew had
.nspected the gireraft for damage and isaks and determined the  .ere Was no immediate
danger, the captain taxied to & regular parking spot. The p.ssengers and flighterew
deplaned normally; no one was injured.

The incident oeccurred at 1808 during hours of darkness at latitude 38°8873¢" N and
longitude 77°34'59" W,

Injuries 1O Persons

Injuries Crew Passenger Other Total
Fatal 8 i 0 3
Serious _ g G 8 B
Minor/None 10 43 t 53

Personnel Information

The flighterew consisted of the pilot, the first officer, and the flight engineer. Ali
were properly certificated and qualified for the flight. Seven {iight attendants wete
aboard the aircraft.

Alreraft Information

The aireraft, a MeDonnell Douglas DC-10-4G, N143US, was certificated, equioped,
and muintained in accordance with Federal Aviation Administration (FAA) requirements.
Three Pratt and Whitney Aireraft (P.W.A) JTSD-20 engines, which develop 48,309 pounds
of static thrust each, were installed on the aireraft.

The gross weight of the aireraft was about 412,275 pounds at takeoff, and the center
gravity {c.g.) was within limits. At tekeoff, the aircraft had about 128,700 pounds of
t A fuel on board.
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Metecrological iInformation

The surface weather observation for Dulles International Airport at 1733, Janusrvy
31, 19%1, wss: clear, 20 miles visibility; temperature -- 253° F; dewpoint -- 8° F; wind
from n30° at 4 knots;y altimeter setting -- 30.43 inHg.



Aerodrome Information

Duilles International Airpert is loeated 26 miles west of Washing.on, D.C. The
airport has three major runways and is surrounded by gently rolling terrain, Land use is a
mixture of rursl, suburban, and light industry.

1 three runways are ccnstructed of concrete. Runway 01R-19L is 11,500 : feet long
by 130 fe ’s wide; runway 01L-19R is 11,580 feet long by 150 feet wide; runway 12-30 Is
10,0006 feet long by 100 fee* wide. The National Weather Service (NWS) station and the
AA Conirel Tower operate continuously,

Flight Recorders

The aircraft was equipped, as required, with a cockpit voice recorder (CVR) and 2
digital flight data recorder (DFDR).

The Fairchiid A-160 CVR, 3/N 1247, ran for more than 30 minutes after the
incident. Elapsed time from the incident to engine shutdown was about 35 minutes. Since
the recorder% capacity is 3¢ minutes, there was no information pertaining tc the incident
on the recorder tape.

The DFDR was processed at the Safety Board's Flight Data Recorder Laboratory.
The recorder indicated the foliowing information just before the incident:

Time: 1805 +

Altitude: 5,787 feet (mean see level:
Indicated Airspeed: 248 knots

Heading: 332"

Pitch: 8° nose up

Roll: Wings level

Engine Exhaust Pressure

Ratio (EPRX: 1.235 NC. i
1,215 No. 2
1.236 No. 3

No data were recorded for about 8 minutes following the failure of the No. 3
electricgl system, hut when power was restored, the recorder worked nermally for the
remainder of the flight and the EPR 5n the No. 3 engine was G.908.

Wreckage and Impaet information

Inspection of the aircraft revealed that the No. 3 engine nose cow? assembiy and the
fen containment case had separated from the aircraft. The nose cow! was recovered from
the yard of a residence in Leesburg, Virginig, on January 31. 1§81, with mincr ground
impact damage on the leading edge of the cowling. The fan containment case wa: not
recovered until February 24, 1981, when it was found in & creek bod, about 3,305 fec*
northwest of the nose cowl’s loeaticn. The right wing leeding edge slats and the Ng, 2
engine hed esperienced foreign object damage (FOD).

The aircraft fuselage was not damaged, Tie structural int eg‘ity of the aireraft was
not breeched, and pressurization was meintained. Right wing slats Nos. 1, ?.and 5 were
damaged. A I- by 10-inch cut wes found in the leading edge of s'; t \Io 1. Siat No. 2 hed
8 9- by 14-inch hole in the le eading edge and a I-inch tear on the upper camber surfaze.
The leading edge of the wing was punctured behind slat No. 2. Slat Ne. 5 had & 10- by
12-inch cut in the leading edge and 45° angle impact scrape marks upwsrd and outward on
the leading edge and upper caimnber surface.



The So. 1 engine was not damaged.

Thirty-two of the forty-six fan blades of the No. 2 engine had FOD. The FGD
ranged in size from 0.030-inch nicks to a 2- by 3-ineh section of blade which had broken
off the airfoil leading edge. Fan blades NOS. 18, 23, 24, and 25 re~eived the most damage.
Three 4-inch square areas of acoustic comp05|te material were missing from the intake
duect fan shroud.

Stages 2 through 4 of the low pressure compressor sustained minor damage to
several blades of each stage. The largest nicks to these blades measurecd 3/32 inch.
Stages 5 through 13 of the high pressure compressor were damaged with nieks s deep as
1/18 inch. Stages 14 and 15 were rot damaged.

There gyas no damage to the lip of the No. 2 engine cow:. A smell{i/2 inch} impact
mark and twe adjoining scrape marks were found 4 feet inside the No. 2 engine inlet at
the 10 o'cloeck position. 2/

No. 3 Engine Examination

Phase I.--The examination of the No. 3 engine was conducted in three phases.
Phase I consisted of examination and documentation df the external condition of the
aircraft and the No. 3 engine at Dulles International Airport.

The nose cowl assembly, the fan eontainmant case forward of the B-flange, and
their associated fixtures and components were missing. from the aireraft. (See figure 1.}
The rear of the nose cowl and the front of the fan case are meted et A-flange. The rear
of the fan case and the front of the fan exit case are mated ai 3-flange. The fan exit
case was lorn and crushed around its leading edge. The compressor biades were damaged,
21l fzn blades were damaged at the tips, and the No. 30 biade was missing.

The No. 30 blade had seperated at s peint about 1 inch cutward from the biade
platform. Two pieces of blade, representing about 80 percent of the blace grea, were
recovered. One piece was imbedded in the fan exit case stators end ihe other was "ozn"
on the runway after the aircraft landed. The critical areas of the leading edge of t
remaining 45 fan pisdes were inspected with a 10-power magnification iens snd were
found to exhibit no cracks or othe: significant anomalies. Mincr in-serv.ece and typics!
FOD nicks were present in the areas examined. A 1/2-ineh outward bulge was found in
the trailing edge of the fan spinner in front of the So. 35 {an blade. There was no cther
damage to the spinney. A i/4- by 7/16- by 3/8-inch section was missing irom the convex
side of the "io. 35 blade slot ir: the fan disk forwerd surface.

The No. 30 fan blade root and pieces were removed for metallurgical examination,
ang the damaged engine was removed for shipment to the Minneapolis Northwest Orient
Airlines facility for disassembly and inspection.

The No. 30 blade assembly, serial number 8U9%13, was mantfactured es P.W.A.
siade detail 736001 described as a faired tip airfoil. The airfoil had been glass bead
seened per P.W.A. Service Bulletin (SB) 4060. Alert Service Bulletin (%b") 4124,
notifving operators of @ minimum edge thickness requirement on service blades, had beer.
complied with. SB 4262 requiring a 0.033- to 0.339-inch maximum tolerance cf the
leading edge from root to tip also had been complied with. Another bulietin incresassd

2/ ANl clock positions concerning engine damage are as viewed from eft of ihe engine.



NO. 3ENGINE AFTER INCIDENT.

ARROW DENOTES SEPARATED
NO. 30 FAN BLADE.

JT8D-20 TURBOFAN ENGINE

FAN CONTAINMENT
CASE

A" FLANGE — g
FASTENS TO N®SE
COWL {NOT PiCTURED]
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Figure 1.--No. 3 engine after incident,
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the first 4 inches of the critical area of the leading edge and the first 9 inches above the
platform on the trailing edge to a minimum thickness between $.65¢ and 0.060 inch to
enhance the blade's resistance to FOD.

The No. 30 biade had 14,864 hours ofF use and ha2 recorded 9,599 eye:2s, It was
reworked by TRW Compressor Components Division of TRW, Ine., Cleveland, Ohio, in
November and December 1979. At that time, the foﬁowmg operations were
accomplished:

1. P.W.A, Servize Bulletin 4080; glass bead peening
2 Routine blending and overhsul instructions

3. Hardface strip

4, Rehardfaced {(Linde Division of Union Carbide)
3. Flourescent dye penetrant inspected

Northwest Airlines' records indicated that the fan assembly had beer: removed on
April 29, 1380, to repiace the low compressor assembly and inspect the fifth stage
compressor blades.

The records also indicated that the fan blades had been inspected, per NwA-~QM8&8
Routine Work Card, on November 21, 1980, and December 9, 1983. During the inspection
conducted on November 21, 1980, i6 nicked blades were discovered and blending was
required. After the blending was completed, the blades received an eddy current
inspection. Indentification of the blended blades was not required. No discrepancies were
noted during the December 9, 1988, inspection. The fan assembly was removed from the
engine on February 13, 1981, and wes measured for balance. The sssembly measured
2,600 ounce/inches out of balance.

Phase II.--Phase II consisted of a detaile¢ Examination an! documentation of the
damage to the No. 3 engine and portions of the No 2 engine at the Northwest Airlines'
facility in Minneapolis, Vinnesota.

The fan cese assembly, P/N 797958, was eliptical in shape and in one piece when
recovere .. The case was buckled about 12 inches at the bottom. There are 23 scalloped
fianges/lugs on the A-flange of the fan cese. Twenty ere used to fasten the nose cowi i0
the fan case. The 20 lugs, nut plates, bolts, and lock wires indiecated varving degees of
damage. Some lugs were deformed, some nut plates contained portions of sheered poits,
some bolts were fastened in position, other bolts evidenced random shear, and the
lockwires were randomly pulled and damaged. Lug Nos. 2, 3, 4, 7, 8, and 9 displayed €
similar shear pattern.

The B-filange has 120 lugs/boits that fasten the fan case to the fail exit case. Fifty-
four attachment bolts were still atttached to :he fan cas? and 66 bolts were missing. The
atteched bolts exhibited random shear failures. The fiange wes torn inward anc¢ then
forward at the &-c'cloek position. The fen exit cese was also daraaged on the bottom
oortion and numerous random scratches were found inside the fan exit case.

The nose cowl attachment flange was separated from the inner structural memberg
from the 7- to 10-o'clock position. AR of the 1-inch spaced flange attachment rive
were sheered in this area. The inner barrel skin was peeled awey from it honey no*v:b
subsurface between the 8- and i2-o'ciock positions.
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There waes & scrape .1ark beginning at the 8-o'cloek position and extending to the
8-o'alock position where en 8- by IC-inch portion of inside eow? skin was missing. The
honey comb substructure was gouged cver a rectangular area approximately 4.5 bv
140 inches; the gouge was 0.75 inch In depth. A fsn blade fragment meesuring 1.0 by
2.75 inches was {ound inside the gouge at the 8-0'clock position.

There were two scrape marks in the inner surface beginning &t the 12-o'elock
position and terminating at the 3-o'clock pesition where the Tt2 probe Wes mounted. The
Tt2 probe was sheared o ffflush with the inner surface. There was an izner skin purcture
measuring approximately 2 inches in diameter at the i-c'clock position approximately
2 inches forward of the A-flange. A 1<i-ineh tear in the direction of rotation wzs found
4 inches forward of the A-flange, on the inner surface.

The nose cowl outer surface had a 3-inch deep buckle between the 12- end 4-¢'2icek
positions. It also had a |-inch-deep bueckle between the 7- and 12-o'clock positions,
16 inches aft of the front inlet lip. There was a deep buckle and tear puncture between
the 6- and 12-o'ciock positivns 18 inches forward of the A-flange surface. The A-flange
surface was buckled forward at a 45° angle between the 7- end 1i-o'eloek positions. The
left hand fairing sirake had a 6-inch compression tear at the trailing edge on the surfaee
of the cowling outer skin. The right hand strake was not damaged.

Under the direction of the Ssfety Board, the remainder of the :zngine was
completely <isassembled and inspected. There were no preexisting discrepancies. AL
damage occurred during the incident sequence.

Phase Il.--Phase III consisted of an inspecticn of the manufscturing and repeir
facilities of TRW Corporation Compressor Components Division, Cieveiand, Ohio, and the
Minneapolis Northwest Airlines facility by the investigation team to determine whether
the fan blades were being repaired in accordance with applicable directives. No
Jiserepancies were noted either at TRW or & Northwest Airlines.

No. 36 Fan Blade Metallurgica! Examination

The fan blade was broken into three pieces--two pieces Of blade ancd the blade root.
The fracture surfaces of the pieces of blade were obliterated because of post fracture
mechanical peening.

The root seetion of 'the blade was examinec at magnifications up 10 76X with ¢he aid
of & stereomicroscope. Examination of the frecttire surface disclosed progression marks
typical of fatigue emanating from a small discolored 5-ea at the leading edge of the
blede. {See figures 2 and 3.)

After initial examination St the Safety Board's metallurgical lsboratory, the root
section was taken t0 the Pratt and Whitney research and engineering ishoratery in East
Hartford, Connecticut, for further examination under the direction of a Safetyv Board
metallurgist. Detailed color and black and white photogrevhs were taken, and then the
section roof was submitted io the Pratt and Whitneyv metrology laboratory for dimensional
measurements. COf special interest was the geometry of the lesding edge of the blade
adjacent to the fracture. This area had Seen reworked, spoarentiy to remove surface
irregularities. Another objective of the dimensional measurement Was to determine if the
treiling edge of the blade had been reworked :n accordance With Pratt and #iitnev
SB No. 4573, Traces of the leading edge of the &»iade, meade with & New
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lier, indicated the geometrv of the blade was in accordanee with
ined in thet service hullatin,

That the Tatigue erack fal coriginated at an o fﬂ.e-cﬁsec; red &z‘eu. The fraczuz'e moda in
nis grez appesred 10 Le guasi-cleavags w":ich s an indication of hrittle frgeture in
titanium allevs,

A ionglitudinal '"ﬂ‘a‘-ec'“a-a hie section was taken through the {raeture origin and
sotished and etehad, The mieresiructure corresponded to the diseclored ares and was
zzigular aphes or miphs ;*w;“ﬂe mariens te. This structure tvpieglly forms in Ti-BA1-4V
giicv, the speeified hlade materinl, whan the material is heated above the me?ting point
and raoidiy cooled in air or water. The adjscent area was predominantly stabilized algh
ar zeicular ainhe which typieally ocecurs when Ti-8A1-48 gllov is heated to high
temperaiures below the melting point and cooled guiekly in air. The remainder was
agmiposes of eﬁd!a\ea, aiphg in & beaa matrix and is considered normal microstructure for
this T34 1-4V alloy Torging.

The heated sreas exceeded hardness specifications wh en measuyred by a Rockwell
mardness Test, Hardness measuremenis faken st thres peints in the discolored area were
Reoexwsell 033, 43, and 34, The meximum specifiad hardness for fan blade salloy is
REockwel 39,

: fan hlades from the No. 2 e"g’% were examis
determine what materials siruck the biades. :1 sa me of tﬂe

ed in the seanning eiectiron miserose
<it was composed of gilieon, iron, and ni
the fan exit nase are made of stain‘iess steel,
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nium. The fan rase and

33 pertaining to airworthiness standards {or aireraft engines states:

tion 33.19  Engire Zesign and construction must minimize the
de'v-;;»:‘:;)'ne'n »f an unsafe condition of the engine vetween overhaul
:;»er‘es”f:s‘. T e design of the conpressor and turbine rotor cases must
orevide for the containment of demage from rotor blade fallure.
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4 TEFR 23 De:z%,nang to ai:‘-forfhinegs s
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tion } The powerplants must be arranged and isclated from
=~ nther 1o allow ;‘oori‘-:ion. in a8t least one configuration, so that the
ziure or maifunction o7 anv e2ngine, or of uny system that can affect
e engine, will not—
{1y Prevent the nontinued safe cperation of the remaining
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Additionellv, the certificstion basis ¢ o the DC-10-40 slso required compliance with
Spoeoial Conditicns No. 25-18-WE-7 dated Jenuery 7, 187# and Amendment 1 o {he
ai : i. The ’*ocuu.eat stated in peri:

Soecis: Condition No. 8 Fault Analvsis -

n sddition to the requirements of 14 CFR 25.9¢1, it must be established by fauit
anaiysis, component tests, or simulated environmental tests that ne amgle failure or likely
comiination of failures of any powerpiant system will jeopardize the safe operation of the
gireralt, 2xeent that failures of structures! elements need not be considered when the

~F

orobability of sueh failures is extremely remote,

ANALYSIS
The Alreralt

The aireraft was properly certificsted and had been maintained in sceorcdance with
There was no evidence of preincident failure or malfunction of the

ueture, flight controls, or systems that was not related to or caused by the

The Flightcrew

The Dlighterew was oroperly certificated snd gualified for the scheduied psssenger
Hight, Thev ail held current medical certificates,

iy

Ne. 30 Fan Blade Feliure

Tre sepzration of the No, 30 fen bimde resuited in the failure of the No. 3 engine and
the infiight separation of the inlet cow! and the fan conlsinment case. The fan blade,
SY R ieh b total cperating time of 14.884 hours and had been ecyeled

1 inch above the root platform. The fracture was cgused by
g &t a smell oxide-discolored area on the blade leading edge.

re burn. Herdness in the heat affected zone at the fatigue
mardness awav from the arce-burn area was typics: of titanium
material Co..;p%n.on of blade materia! conformed to specification
he source of the are burn was not determined; however, the are bmn
urred before the most recent blending of the leading edge. Appesarance
the fatizue origin suggested that portions of melted and heat
h the are burn h c‘ been partially removed by a blending
aooergticn.  The mest biending on this fan rotor occurred in November 1980;
however, it s nol Xnown whether the No. 30 diade was one of the 18 blades reported to
heve been Biendel since records of individual blade maintenance operstions are not

inflight Separsticn of Cow! and Fan Case

The inss of the nose cowl and fan case was the result of the seperation of the No, 30
fan hizde end the subseguent dvnemic interreaction of the fan case, nose cowl. fan biasdes.

[=]
and the out-af-halanee condition of the f‘si. assembiv.

3. it struek the fan case and the inner nose cowl nesar
ioss of two to five A-{lange inie! cowl retention bolts
'“-'%Dsm ioacds mgy have also caused the B-Tlange bolt

Wher the a ’Lﬁﬁe fractur
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Imotures or W—I3ange breakout in an are&correspoading to the .%-flangefailures. The
engine <ynamie imbpslance and the sercdvnamie lcads on the engine nose cowi loaded the
remaining A-flange fasteners beyond their tersile strength and the flange join: began to
epsrate. The bolts sheared in e sequential eircumferential (unzipping) manner until only
asteners between the 1- end 3-o‘cleck positions remained. Aerodynamic forces then
wrigc the cowl away from the engine, pivoting sbout the remaining bolts, stripping the
boits from their nut plates, ane bending the flange backward and outboard. The cowl
separated upwerd and outward and struck right wing slat So. 5. As the A-flange fasteners
progressively separated, additional aerodynamic loading caused interaction between the
fen biade tips and the fan ease anc caused inecreased loading on the B-flange. The
torsional loads imposed by fan blade tips striking the fan case and the sdditional
serodvnamic loading caused failure of the B-fiange facteners. The unrestrained fan case
moved in and out of the fen exit case and struck the fan exit guide vanes at random
fceations. The fan case was cdriven forward and was -adially swung away from the engine,
striking the fen exit cese. The impact caused the freeture of a smasil section of the fan
exit case B-flange end bent it hackweard and inboard. Tie fan 2ase departed upward and
inward and struek the leading edge Nos. 1 and 2 slats or. the righ? wing. (See figure 4.}

Vv ()

Fourteen JTE8D fan blede failures including N143TUS, have Seen reported to the
menufaecturer since the engine went inte service. Six failures have occurred on jTgD
engires instalied on DC-10 aircraft, and eight failures have occurred on JT38D engines
installed on Boeeing 747 aircraft. Damage to the 13 previous airerart involved has varied
from miner internal engine damage to engine nose cow! cr fan case penztration to thrust
reverser separation. This incident was the only instance oF inflight separation of the nose
eow! assemBbly and the fan case.

No. 2 Engine Damsge

rew had no indication of damage to the So. 2 engine because it
hutdown after landing, there was substantial demege tO the fan
the engine. A sample of the impac: material on the No. 25 fan
: . 2 engine weas examined and enalyzed. 4ne sample had e high iron
eontent that was not consistent with the titanium sliov composition of fen blades. ?he

A e fan exit case ere made of stainless steei, which has a high iron content.
the Safety Board concludes that the Ne. 2 engine was damaged by materia:
from the No. 3 engine fan case and/or the fen exit case.

o3
Uq
-
h b 2
o
-h n(Y

it should also be noted that when the engine nose cowl an® the fan case separated
from the aireraft, they struck the leacing edge of ihe wing on slais Nos. 1, 2. and 5. The
slats, Zaps, and gear were retracted at the time and the gireraft vwoe elimbing. The-e is
the possibility thet If the aircraft had been configured differen*l- or hed been at a
differen* sseed or attitude, the =zireraft structure mav have been svbuiantially damaged

o7 the separated components,

EAA Regﬂ}atierzs

Titie 14 CFR 25.903.9) and 33.19 specify that o single failure or msaiiunetion will
orevent the continued safe operaticn of the cother er -ines and that the design of the
sompressor and turbine rotor eases must provide for .he containment of damage from
~ster hlade Teilure. The failure of g single fan blede snd subseguent interactions resulted
in tre inflight Ioss ©f major engine components, FOD to the No. 2 engine, and struetural
Jamage 1o the right wing leading edge slats. With regard to the JT9D engine end its
nstailation on DC-10 aireraft, the engine manufacturer is responsible for compliance
#ith 14 CFR 23.e03{h)  and  the  saireraft  manufacturer s responsible
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for aomplance with 14 CFR 25, The nose cowl and fasteners fo. attachment io the JT8D
erngine are provided by the aircraft manufacturer, but the cow! is fastener? to the
A-flange of the engine fan case which s provided by the engine manufacturer. It appears
In this incident that the hroken fan blade damaged the A-flange and fasteners (and
probadbly the B-flange and fasteners) which aliowed the nose eccw! and fan case to separate
Irom e engine in response to dynamic imbalance loads, aerodynamie loads, and fan-fen
case interaction loads. We conclude that the failure of a single blade resulted in the ioss
of major engine cemponents, FOD to the Neo. 2 engine, and structural damage to leading
edge devizes. Although we recognize that this was the only occurrence of tnis type of
failure of this engine installations, the Safety Board is concerned that these regulations as
thew existed for certification iaay n0. have been met with regard to the JTSD engine end
its installation or, the DC-10 sireraft., As e result, we have recommended that the
Federsl Aviation Administration review the design of the flanges and fasteners on the
forward and =ft fsees OF the fan case of rhe JT3D turbofan engine to insure that the
provisions of airworthiness requirements provided in 14 CFR 33 and 14 CFR 25 are
satisfied,

CONCLUSION

1. The aireralt was certificated and had heen maintained in accordance with
appraved nrocedures.

2. The flighterew was properly certifisated and medically qualified for the flight.

Trere was no evicdence of preincident failure or malfunetion of the aircraft
struetures, flight controls, or systems,

. Fan Slzde Neo. 36 on t'ne No. 3 engine separaied 1 ineh from the fan hlade
platform because of a high cvele fatigue fracture,

Bys]

. Th2 origin of the faligue was a preexisting high temperature arc burn from an
undetermined source on the jeading edze of the blade.

=1

. Tha separated {an biade caused eerocvnamic loading and fan imbaiance which
resulted In the shearing and overloading of the A-flange fasteners.

. The nose eowl, which separated upward and ocutward, strucek and damaged slat
Na. 5.

2. mereased ssrodvnamic ‘oadmg a'ad fan blade tip/fan case interscticn caused

stesring and ov rloading of the B-Tlange fasteners,

ER Tae fan case, which separated upward and inweard, struek and damaged slats
MNas, ?oend 2,

3. The N2, 2 engine wes damaged by material from the fan ease and’or fan ex
case,

it. The internt of Federgl avietion regulations pertaining to airworthiness

standards for transport eategory sire~z{t and engines mav not have heen met
in the DOT-107JT9D aireraft engine configuration since fracture of a



single Ian 'laée ‘mé e inﬁ%gm separgtion of major engine components which
t 1z leading edge siats an< FOD 1o the Nu. 2

ransportation \a;etx‘ Board determines :haz the probable cause of the

e high C}'c'ze fatigue fracture of the No. 35 fan dlacde in the No. 3 engine.

he origin of the latigue *“acu'"e on the leading edge of the fan blade was a preexisting

ﬁ:-g% ?.e‘:;'-e:'az rnt from an und ete-*ﬁined source. Contributing to the damage to

engine was the fallure of the No, 3 engine nose cowl and fan

zoniginment case .&ar'*es“:‘%stene:-:\ due 1o aer advnamie T.oaw.c. fan imbalance, and

an lan ease interaetion which resulted in en inflight separation of the nese cowl asseu.sly
and the fan containment cgse.

- < > K - ~
~he glirereft and the No

RECOMMENDATIONS

- - + - I Y b3 % P -
Tn o Naw 15, 1887, the Safely Board adopted the {oilowing recommendations to the

. -5 - -l b
ssue gn alrworthiness direstive whioh

equires g visual inspection for are

ER e
sutns nelore and witer esch rework o.perat%-;m on titanium allov fan
~ -

lazes from Pratt gnd Whitney Alreralt JTED *urbof&*x engines and

: resisgement of are nurn-afifected iades. We further
rat a hew""‘"m of mare hurn in titanium e ineluded in the
reetive. [{gss L Priocity Action: (A-81-8D)

ce nulletin urging operators eand
xireme caution with anv elecirieal
i v fan bilades to rainimize the
shouic aise rleseribe the aopearance
ut the nelure of camage caused bv

juenges of this damage. {Tiass II,

:donted the following recommendation to the

Geciew tter desizn of the [langa:s i {asteners on the forward and aft
fapes of t™o fyn rase of the : arhofa gine to insure that the
mrant of sirworttiress : i and 14 OF
- spiiziven, Tiges [T

T Balete Regrd ngs neen oiormied that Praltoand Whitnev Alrsraft and Northwest
TULneE s laken intetna aohions (o preelude recurtence. Pratt and Whitney Ime“ al
Iowas sy andd A gautionery nole providing oxpanded warnings
e o nsng cleriticn equinment in the vieinily of fan blzdes was H('}\,u to b

e ot T 7

orporsted In
rig ed. An Engine
maodels and on
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engine fan blades in aceordance with Alert Service Bulletin 4573,
BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/8! SJAMES B, KINC
Chairman

s/ ELWOOD T. DRIVER
Viee Chairman

/s/  FRANCIS H. IecATIAMS
Member

s/ PATRICIA A, GCLDMAN
Member

‘s/ G.H. PATRICK BURSLEY

Airlines has sccomplished g one-time fleetwide inspection of i

x -
Member

JT9D-20
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The Saie!; Board was noiified of this ineident g¢ 1908 on .enuary "1, 1981, and
investigeiors proceeded immedistely to Dulles International Ai-port to initiate the
: gai were esiablished for powerplants, maintenanee reeords,

nvestigation.  Working groups
metalluyrgy, and flight da*s recorder
o =

arties t¢ the investigation were the Federal Aviation Adriinistration, Northwest
Whitney Aireraft Cornoration, MeDonnell Douglas Airereflt Company,

el hat

Alriiras, Pratt gand
gnd Alr Line Plloiz Assoeiztion.

A oublie hearing was not heid; and depositions were rot tgken.
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APPENDIX B
PERSONNEL INFORMATION

Captain Boyd Roger Lofgren

Captain Lofgren, 49, holds Airline Transport Pilot Certificate No. 1395062, with
ratings for airplane muitiengine land, MeDonnell Douglas DC-10, Boeing 707, 720, Convair
240, 340. end 449. His first class medi.:al certificate with no limitations was issued on
November 18, 1980. Captain Lofgren had about 26,790 total flying houss with 1,414 hours
in the DC~10 at the time of the incident.

First Officer Patrick T. Donlan

First Officer Donlan, 43, holds Airline Transport Pilot Certificate No. 18483189, with
ratings for airplane muitiengine land, Boeing 727 and 747. He also has commercial
privileges for single engine land aircraft. His firs¢ class medical certificate with no
limitations was issued on October 9, 1980. First Officer Donlan had about 3,754 total
flying hours with 881 hours in the DC-10 at the time of the incident.

Second Officer Duane Jean Hcff

Second Officer Hoff, 40, holds Flight Engineer Turbojet Certificate No. 1822941.
He alsc holds Commercial Piiot Certificate No. 1666293, with airplane single/multiengine
iand, instrument and Lockheed 188 ratings. His first class medical certificate with no
iimitations was issued on December 8, 1980. Second Officer Hoff had about 4,300 total
flying hours with 2,500 ir the DC-IO at the time of the incident.
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APPENDIX C

AIRCRAFT INFORMATION

Tre gireraft, a MeDonnell DC-16-40, Serial Number {S8/N) 46752 was obtained from
ihe manuigeturer on November 13, 1872, by Northwest Airlines, and has been owned and

operzied Hv Northwest sinee acquisition. On danuary 31, 1981, the airceraft totel time was
1R.825:23 hours,

The alreralt received its last heavy ma nienance check, No. 2, on May §, 1980, at e
izl time cof 17,288 hours.,  The airerafi received service checks Nos. 1 z2nd 3 on
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‘ny Tan VModuie, 8N 5-1-5133
Total Time -~ 18,708 hours as of 1-31-81
Tota: Cyeles - 9,802 as of 1-31-81
Rlade No. 30 Serial No.-RUSS12
Blade No 30 Part No.-7TI821E
Biade Totel Time - 12.884 hours g5 of 1-371-81
Plade Totgl Cveies ~ 9,858 as of 1-31-81

The Neoo 39 blade total {ime is lower than the fan module total time becguse it was
nst one of the module’s origingl hlades,

nstalied - Vareh 15, 1980
Time Sinee Instalistion - 1.8%5 hours as of 1-3-81
Cyaoles 3ince insteliation - 855 as of 1-31-31

cial time on nose gow was nol odtained beecause it I8 only changed on condition.

Al engine modules fexeept the No.o 10 gearhox) had received heavy
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3. Alrworihiness Diregtives

% review of the Airworthinass Directives {AD's) did not reveal anv sutstanding AD's
‘“g to the nose cowl, fan b; de containment ring, or fan blades installed on ;he No.

W
"
1. 51!'
'j

¢ issued AD 76-24-03 that pertained to fan bHlades used iu esrly JTOD
engines. The pari numbers of the fan blades in the No. 3 engine at the tim of the
i ; included in the AD. However, Northwest Airlines inspeeted the No 3
in

fal

an biades in accordance with the AD procedures. The records indicated that ‘a

~c. 3 engine had been continuously maintained in seccordance with Northwest Airlines
maintenance programs and FA A rules and regulations,



