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On May 9, 1988, a British Airways Boeing 747-136 airplane experienced an in-
flight structural failure of the outboard track of the left inboard flap (No. 3 flap
track--a structure to support and guide the flap) while on final approach to Chicago
O'Hare International Airport, Chicago, lllinois. The Safety Board’s continuin
investigation revealed that the captain was flying a coupled autopilot approach ang
had selected 30° flaps at 1,500 feet above ground level {agl) for the final landing
configuration. At 1,200 feet agl, approzimately 30 seconds after final flap selection,
a "large bump" was felt followed by a severe left yaw and noderate left roli which the
autopilot was unable to control. The captain disenpaged the autopilot, regained
control of the aircraft, and manually flew the approach to an uneventful landing.
There were no injuries to the 18 crewmembers or 286 passengers. The aircraft
sustained extensive structural damage to the left inboard flaps, the two inboard
spoilers, the spoiler support beam, the flap track attachment point on the aft wing
spar, and various upper and lower wing surface panels. In addition, a puncture in
the fuselage was found above and behind the aft entry door. The flap track was
fractured completely just aft of the forward attachment point. At the rear
2g?chment point, the inboard bolt failed, and the outboard bolt was bent outward

A postaccident metallurgical examination of the failed flap track was conducted
by the Materials Laboratory Division, Bureau of Technology, National
Transportation Safety Board, with assistance from Boeing Materials Technology
Laboratory. This mefallurgical examination concluded that the origin of the final
fracture was a 0.174-inch-long stress corrosion crack whica initiated in a corrosion

pit in the outhoard flange of the most forward outboard fail-safe bar bolt hole (the
No. 1 bolt hole).

On September 12, 1988, the Air Accidents Investigation Branch (AAIB) of the
Ministry of Transport, United Kingdom, notified the Safety Board of another
occurrence of an in-flight failure of the outboard track of the right inboard flap (No. 6
flap track) on a British Airways Boeing 747-100 during a landing approach to
London Heathrow Airport, London, England. The flap track failure occurred during
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final approach at approximately 600 feet and shortly after the 30°-flap position was
selected by the flightcrew. The airplane yawed to the right; the yaw was corrected by
the captain with aileron and rudder, and an uneventful landing was made.

The AATB, British Airways, and Boeing Commercial Airplane Company (Boeing)
personnel on the scene found that the No. 6 flap track had fractured completely in
the vicinity of the forward bolt holes and that the aft section of the track was
displaced downward about 1.5 inches. Significant additional structural damage was
noted to the fore flap, spoilers, spoiler support beam, and several fixed panels.

Inspection of the flap track fracture by AAIB and Boeing metallurgists indicated
that the separation had initiated at the most forward fail-safe bar bolt hole (No. 1
bolt hole) in the outboard ﬂan% of the track and had progagated upward through the
flange and aft in the track web. The fracture terminated in the vicinity of the No. 7
bolt hole in the inboard flange of the track. Initial examination of the fracture
initiation area at the No. 1 outhoard bolt hole revealed heavy corrosion on the
fracture faces and corrosion pitting in the bolt bole bore. The initial fracture mode
has been established as a 0.175-inch-long preexisting stress corrosion crack
emanating from a corrosion pit in the hole bore and subsequently extending in
overstress until separation of the track.

After this flap track fracture, British Airways began an inspection of the flap
tracks on its Boeing 747-100 fleet by removing eight randomly selected bolts from
the tracks and visually inspecting the bores for evidence of cracking and corrosion.
Corrosion pitting was found in four of the eight bolt holes examined. Also, an
ultrasonic inspection of one track revealed an 0.08-inch crack radiating out of the
No. 4 bolt hole bore which was confirmed by magnetic inspection after removal of the
bolt. The track had been inspected ultrasonically 10 flight cycles before this
inspection with no indication of a crack.

In both the May 9 and September 12 accidents, the failed flap tracks were an
early production design incorporated in the first 239 B-747s, and the tracks have a
documented history of cracks attributed to fatigue, stress corrosion, and corrosion
pitting at the fail-safe bar fastener holes. Since October 1972, 23 operators have
reported 85 cases of cracks found during inspection of early production flap tracks, 22
of which have been specific to the tracks on the inboard flaps (No. 3, 4, 5, and 6). In
addition to the two cases discussed herein, there has been one previous occurrence of
an in-flight failure of this model track at the No. 1 bolt hole.I The Safety Board
report on this occurrence listed corrosion and fatigue in the bolt bore as the probable
cause. :

This early production flap track has been the subject of Federal Aviation
Administration (FAA) Airworthiness Directives (AD) 84-19-02 and 76-03-06 and
Boeing Safety Bulletins (SB) 747-57A2229 and 747-57-2146 which prescribe the
frequency and methodology of inspection to detect cracks before failure. The flap
track in the Chicago accigd{ant airplane had been inspected visually for cracks in
accordance with all applicable ADs and SBs 145 flight cycles before it failed, and it
was not due to be reinspected for another 155 flight cycles. Total flight cycles on the
failed track were 16,381.

IFor more detailed information, read Brief of Accident Report No, 5119 (attached).



As a result of the Chicago accident investigation, Boeing revised and reissued
SB 747-57A2229 (Rev. 5). The new SB incorporated a 300-flight recurrent ultrasonic
inspection for cracks on the Nos. 3, 4, 5, and 6 flap tracks in addition to the
previously prescribed visual inspection of these tracks. The accident airplane at
Heathrow had been inspected ultrasonically 152 flights before the incident per SB
7471-57TA2229 (Rev. 5). This latest revision of the SB has been incorporated
subsequently in full into AD 88-16-03, effective August 15, 1988. As a terminating
action to the repetitive inspections, the SB specifies replacement of the early
production flap tracks with the current production tracks that are stronger and more
durable. The current production flap track is designed with an increased web and
flange thickness and raised bosses on the lower forward chords at the fail-safe bar
fastener holes. This design change provided a stronger, more durable flap track and
was incorporated in 1971,

To address the issue of continuing airworthiness in the face of corrosion pitting
and stress corrosion, the Safety Board believes that these early production flap
tracks should be replaced with the current production tracks and that these new
tracks should be incorporated into the Boeing 747 Supplemental Struectural
Inspection Program to monitor the adequacy of the design changes and to establish a
baseline for continued inspections. In the interim, early and recurrent magnified
visual or other nondestructive inspection of the bolt hole bores should be required to
detect corrosion pitting and cracks in the bores. Because of the unpredictability of
stress corrosion crack propagation, the Safety Board believes that inspection of the
inboard flap track bolt hole bores should be accomplished within 20 flight cycles of
any previous inspection of tracks for cracks.

Consideration also should be given to restrict operation of the affected B-747
airplanes to 25° of flap extension unless there is an operational safety consideration
necessitating 30° of flap extension, The reduction of the stress on the inboard flap
tracks is significant with the reduction of flap setting from 30° to 25°. Boeing
analysis shows a 15 percent reduction of the loading at the flap track forward fuse
pin with an attendant increase of fatigue life of 43 percent by reducing approach flap
extension by this 5°. Use of the 25°flap setting requires a slightly increased
approach attitude and an increase of about 8 knots to Ve (reference speed). Increase
in runway required at this reduced flap setting is approximately 800 feet.

The recent failures of these flap tracks clearly indicate that the present visual
and ultrasonic inspections of the flap tracks on the inboard flaps are not adequate for
detecting a critical crack of such small magnitude and that the common initial factor
in the three in-flight failures has been corrosion pitting in the bolt hole bores. The
Safety Board is very concerned that there is a potential for catastrophic structural
failure on the 239 aircraft in the world fleet configured with these early production
flap tracks. The Safety Board also believes that early detection of the ﬁitting in the
bolt hole bores will preclude subsequent cracking and failure of the tracks.

Therefore, as a result of its investigation, the National Transportation Safety
Board recommends that the Federal Aviation Administration:

For Boeing 747 airplanes with the early production flap tracks, reigluire
a magnified visual or other nondestructive inspection, within 20 flight
cycles of any previous inspection, of the forward bolt hole bores of the
inboard flap tracks for corrosion pitting and cracks using damage
tolerance criteria devised by Boeing, and establish periodic inspection



intervals for the bolt hole bores consistent with early detection of
corrosion pitting in the bores. (ClassI, Urgent Action) (A-88-131)

Issue an Air Carrier Operations Bulletin to advise all operators of
Boeing 747 airplanes configured with the early production flap tracks of
the advantages of o&;erating these airplanes with a maximum of
25°-flap extension. (Class I, Urgent Action) (A-88-132)

Require prompt replacement of all early production flap tracks on
inboard ‘and outboard flaps on Boeing 747 airplanes with new

roduction tracks, and include these new tracks in the Boeing 747
Supplemental Structural Inspection Program. (Class II, Priority
Action) (A-88-133)

y: James L. Kolstad
Acting Chairman



PHATLASSHT TWITA L3304 W AR IUTE T

SINIINIY O3LINN % LNTIIIND SIHS H3J 1Y ONII0A rd TINSST 3¥m NTLI NG 4274435 1MFIW Ny 31N JIIAYMTEH A0 %807

¢ ONISAYD $S3INIT JTTIAUMIAN 139vWud FE0L INDA0! SNTLYLNT FHI 49 ANT N3OS 3HE INY 3WIL STHL LW DERTENUELEELOE

JABNO0L IAIHT 3IHE COIHHYS ANN TIVE NOISSIASNYME 3HL CONTINYT H3Le NOILOUMIZM 4UTd aNIMl C140%W FH1 Wodd RETRRLLE i

TINYA ONIM TIEHS ¢ 1 ¥4 3804 FHL 40 NOTLINOA ¥ *NOISOHMOT ONILIT4 S0 38NWI3A 179n 3T0HL04 14 GNP aMvaA I AN HG
G3LVILINT JHALIWMA 3JHL *INIOD HOWLLY JuuMs04 3IHL A0 14V SIHINT 9 ¥u4Y dIYNLIWYL HOvN] AV 3TYI4IN NOILI3ASNE "3AAMIAFA0
SUM NOTLYITOANI 4613 EIM45 ¥ FHIL Skl L9 "S3NwNd LEANYLS IZTITLO O O¥H ANY SIdWMT 1507 L49¥D A4l PIYATITR WEIRIE
NIAYNIAH vé ¥ J3J1H043H MIINISNT L4 FHE ¥ ONIIXUL 3ITHA HESIVY I3IM S4¢T4 3HL TILINA O ANIAIONI LAOHLIM 3FAYK Swm auT.Inw"
IHL CONTIYIH L4V H0MLNDOD 0L d30338 S¥R LN4INI NOMIIV 14377 3 IMYIH SYM LONVA 107T. ¥ CHINYYH ¥FIN0 FHL HBITSNT 1805

e BALFEE AP o

AN TAMNIY - {SPBUTIEN JUBHRIGSUY
A HN/MNNND — 384240304 HN/ANG ~ BHI-TITNW
dAN/NNA -SREd 04 58T MN/MNA ~3UsNna}SUY HH/NND - 84/ 13R43a1Y
HN/NND -SRed OFE 1587 HR/MNQN ~12R0OL/34ER H¥/MHA - 330TE UMY AN U
HN/NNN - S4H BT 1527 oFTIE - 12301 3L - FUBLANY AL
(SINOH) BUT} IUBIL S HartAdy IUBY[3 TaTHUIg P3YBHTIEY, 5)33E3T 31000
LIWEI/SHNIATUM-TVITAIN A1T0A - 338373734877 YEITRBY i3 - NRH PUENMND-HT 0T Y 4
=IO TIEWIOGHY TARUOSIS o e
€50 - G T O NCTRTRUOSG
ANON - HOTGSRtAT3Ed 5
AL TVind - ERUTI/USEY SR APON —UDISIA 03 SUOTIINLTEAN
Y/N - 414818 REMAUNY 441 - ATUBIBDEY LD 9A4RL ANAN - SUTITISY 133807
Yg/N - Bdejing Resuny MAT - YUET4 IUBITY 0 AJIR] HGIATY . ARTOTA/A4E 1SOMu]
U/N - PIM/YG AREMUnYy 332454 1Y/ 1Y us 0+*131 - RILYTIQISES
B/N - juapl REMUNY 3§y RTONS0RN ~p2a4ESTA IR
¢ DISIINYHE HUS WS - Jayjean STieg
B8 40441y URT3EUTIFAN MN/MNR ~  353ua13T14nunn
THEAMATONDH HH/AMHA - potyag
JIMLIS/1LHO0dMIY A48 PHID4 B4NRIT I V58T HN/ANNL - SHIATEY uN
AJTWLHOLS 404319 RABLBUTYT 298 AMIReoM
e GTERMAAFUT FUDTIRLBAN/IUIUNCI A
4NN - 1anog paled st -  L}R3G 10 CEN
SRR o 115 M 32R) BUTEUR 000Gl —  3m SToan uYy
§34 ~ WajEARG BuTuagp TTEIS y - GBUIBENT AIGWRN Y LIPHLITN-TTIIANLEL -~ 1230 BHIpUST
ON/S3A —~ PaileaTiop/paTIelsul 103 F 1400 PEA - TOROWSAGEU FNE TTT-4be ONTEONA - | ARDY, AT
e MOT IR ENT I T
[ERL e N L- 2 SUHLAMT failn3nn AN EET
I [} D 0 5534 iHON IOT 345 vi- 1apan pananpuol JURET A
£ [¢) O o nads 3474 HRORIESYACIT I SFHNT T ATNTITHIG - 1aTILdAAN JO DALY
AUON 1O0UTH SHOTLAH Tejed 4OHTH SANTINIY A3LINA~- daTsae] ja Amey
satinruy ArIus] 34Ti041TH ATESAMOIN/GRI4 — ATFTHNY]D HIH-31EDT T30 BUTRIINLN D40

e wJDTI2WANLUT VIS T e

114 OEIT - (127 auwrl ANTLEN "ON "FIW 3W BGOSTINGES MYS rFaSTTNR ATTIE ~ 'BN OTT

yuaptany o joTay

GILTIN

pageée 3l Tian
GEQT S18j0s H8TIINA0 c3uTay JUunT i

-



Hrief of Incident {(Continued;

File No. - 5119 &/11/84 SAN FRANCISCOsEA A/C Keg, No. N4712U0 Time (Lol - wwum.ﬂw«

decurrence 41 AIRFRAME/COMPONENT/SYSTEM FAILURE/MALFUNCTION
Phase of Oreration AFFROACH

Finding(s)
1+ FLIGHT CONTROLFLAF ATTACHMENT - CORRORDEL
2., FLIBHT CONTROL:FLAF ATTACHMENT ~ FATIGUE
3. HYDRAULIC SYSTEMsLINE - LEAK
4, LANDINE GEARsNORNMAL BRAKE SYSTEM ~ INOFERATIVE

----Frabable {ause----

The National Transrortation Bafetw Board determines that the Frobable Cause{s) of thig incident
is/are tindina(s} 1,2
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