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Investigation Report 
Identification 

Type of Occurrence: Accident 

Date: 8 May 2009 

Location:  Frankfurt/Main 

Aircraft: Airplane 

Manufacturer / Model: The Boeing Company / B 747-400 F 

Injuries to Persons: None 

Damage: Aircraft severely damaged 

Other Damage: None 

State File Number: BFU AX001-09 

Factual Information 

During the approach to Frankfurt/Main parts of the left wing inboard fore flap sepa-

rated and damaged the pressurised fuselage. 

History of the Flight 

At 2159 hrs1 the freighter was on final approach to Frankfurt/Main Airport. It was on a 

flight from Vienna, Austria. Three persons were on board: two pilots, flying the air-

plane, one substitute pilot seated in the jump seat at the rear of the cockpit.  

At the time of the occurrence the Pilot in Command (PIC) in the left-hand seat was 

Pilot Flying (PF). The approach to runway 25L was conducted with engaged autopi-

lot.  
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According to the Flight Data Recorder (FDR) data the flap was put in position 30° at 

1,400 ft AMSL in the area of the outer marker to runway 25L. At that time Indicated 

Air Speed (IAS) was 160 kt. Shortly after moving the flap lever the crew heard the 

sound of a blow and noticed vibrations. The airplane rolled left about its longitudinal 

axis by approximately 1°. The autopilot counterbalanced the bank angle and the ap-

proach was continued. The landing occurred without further incident on runway 25L. 

The airplane taxied to the parking position. 

Personnel Information 

The 46-year-old PIC held an Airline Transport Pilot's License (ATPL) with the com-

mensurate class and type ratings issued by the South-Korean aeronautical authority. 

He had a total flying experience of 11,000 hours; 3,600 hours of which on Boeing 

B 747-400. 

The 40-year-old co-pilot held an Airline Transport Pilot's License (ATPL) with the 

commensurate class and type ratings issued by the South-Korean aeronautical au-

thority. He had a total flying experience of 7,000 hours; of which 1,700 hours were on 

Boeing B 747-400. 

Aircraft Information 

The B 747-400 manufactured by The Boeing Company was a freight transport air-

craft. The airplane was powered by four General Electric CF6-80C2B1F jet engines. 

According to the certificate of registration maximum take-off mass was 394,632 kg 

and maximum landing mass 302,098 kg. The aircraft with the manufacturer’s serial 

number 25781 was built in 1994. Total operating time of the aircraft was 

72,700 hours and 12,296 cycles. 

The aircraft was registered in the Republic of Korea and operated by a South-Korean 

operator. 

Meteorological Information 

According to the airport, at the time of the occurrence it was night with visual meteor-

ological conditions. Ground visibility was more than 10 km. Wind velocity was 250°, 

7 knots. 
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Aids to Navigation 

The Instrument Landing System (ILS) for runway 25L was used for the approach. 

Aerodrome Information 

Frankfurt/Main Airport had three runways. Two runways had the orientation 

070°/270° (07L/25R and 07R/25L) and were 4,000 m long and 45 m and 60 m wide, 

respectively. A third runway had the direction 180° (18) and was also 4,000 m long 

and 45 m wide. 

Flight Recorder 

FDR and Cockpit Voice Recorder (CVR) recordings were read-out and analysed at 

the BFU avionics laboratory. The FDR was a Honeywell SSFDR. The CVR was a 

L3 A 200 S with a recording time of two hours. 

Findings at the Aircraft 

On the airplane part of the left wing inboard fore flap (approximately 4.5 x 1 m) was 

missing. The fracture had occurred approximately half a metre left of the inner flap at-

tach fitting (Appendices Image 1). The remaining flap part was twisted around the at-

tach fitting point and jammed between fitting and fuselage (Image 2). Two fore-flap 

tracks between the front and middle flap had fractured or been torn out. 

The airplane’s left outer fuselage skin was dented and punctured on a length of 3.5 m 

in the area between the fairing run-out and the aft cargo door. The frames and ribs in 

this area showed severe damages; the skin of the pressurised fuselage was punc-

tured (Images 3 and 4). 

Another puncture site was found on the left side of the vertical tail (Image 5). 

On 12 December 2009 the police helicopter squadron Hessen found the fractured 

flap part in the Frankfurt Stadtwald (forest) east of the approach area of runway 25L 

(Image 6). The flap part was transported to the BFU for further investigation. The 

fractured outer attach fitting of the left wing inboard fore flap was removed (Images 7 

to 9). The attach fitting had the Part Number “Assy 65B39025-2” (Image 10).  

Further examination at the BFU showed that an aluminium alloy was used for the 

manufacture of the fractured flap attach fitting. On one side it had been screwed to 
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the flap spar. The bearing seat in form of a ball joint was located at the other end. A 

steel ball, through which a retaining bolt was guided, rested in a bronze bushing. The 

side without lap was flared so that the bushing remained firmly in the eye and could 

not be pressed out. The bushing’s outer side showed a circumferential groove which 

was connected with the bearing seat on the inside of the bushing with three drill 

holes. The ball was supplied with lubrication via the groove and drill holes. A fitting on 

the outside which was connected with the inside via a drill in the area of the groove, 

guided the lubricant inside. 

A bolt, which led through the drill hole to the ball, connected the attach fitting with the 

carriage, which moved the flap.  

The fracture surfaces were examined at the Technische Universität Braunschweig, 

Institut für Werkstoffe (ifw) and Institut für Füge- und Schweißtechnik (ifs). Macro-

scopic examination revealed an extended characteristic thumbnail fatigue crack; ad-

ditional smaller fatigue cracks were found on the side. The crack starting points had 

later been mechanically damaged and therefore could no longer be analysed. The 

fretting oxidation characteristic for aluminium alloys had formed on the starting points 

of the cracks.  It was generated by the colliding of the crack flanks. The crack propa-

gation speed increased with increased distance from the starting point. The number 

of flank contact per millimetre crack length decreased. Depending on the strain spec-

trum the contacts could be absent due to the increasing crack opening. The black 

fretting oxidation was then no longer generated. 

The scanning electron microscope (REM) Jeol JSM-6480 confirmed the macroscopic 

result in full. Image 11 in the Appendix shows a plaque of oxidation coating in the 

starting area of the main crack. In the metallic blank area the linear striations were 

clearly visible (Images 12 and 13). Image 14 shows the transition to the forced resid-

ual fracture. Image 15 depicts the dimples of this microscopic ductile forced fracture 

area. 

Due to the experiences with another occurrence, where the flap attach fitting of the 

same aircraft type had fractured at the same place, the inner surface, where the 

crack originated, was analysed again. The examination with the REM revealed that 

the inside of the bearing seat showed distinct corrosion areas in form of holes and 

depressions. These were located mostly in the “track” and often in the transition re-

gion on the edge to the “track”. “Track” means the area where the bronze bearing lo-

cated in the bearing seat had its lubrication groove (Images 16 and 17). This “track 

area” showed almost no corrosion. 
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The metallographic cross specimen showed heavy corrosion on the entire surface of 

the bearing seat. The base metal seemed to dissolve. The surfaces left and right of 

the “track” were much more affected than the “track area” itself. Heavy corrosion 

could be seen in the transition region and at the edge to the “track”. This result corre-

lated with the REM examination. The difference in wall thickness between the “track 

area” and the rest of the inner surface had attracted attention. The inner surface’s 

wall was thinner than the one of the “track area” (Image 18). The reason was differ-

ent mechanical abrasion in these areas. 

Additional Information 

Already in the 1970s events occurred where the outer attach fitting of the inboard 

trailing edge fore flap fractured or showed cracks. Back then the cause was fatigue 

cracks. The manufacturer described reasons for the fatigue cracks and commensu-

rate corrective actions in the Service-Bulletin (SB) 747-57-2119 Revision 2 dated 

20 June 1975. The Appendix shows an excerpt of the SB. 

According to the manufacturer the flap attach fittings with the Part Number 

65B39025-2 corresponded with the original design but are no longer in use. The at-

tach fittings currently in use have the Part Number 65B39025-31/20. 
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Analysis 

The severe damages of the airplane, especially the punctured pressurised cabin, 

were caused by the fracture of the left inboard trailing edge fore flap. Due to these 

damages the occurrence was classified as accident. The fracture of the flap was the 

result of the fractured outer flap attach fitting. It fractured as a result of a fatigue 

crack, which had propagated over time to about half of the front of the bearing seat’s 

bar. This front bar is the area where the highest stress occurred. The residual frac-

ture occurred as forced rupture. The starting point of the fracture could not give any 

indication as to the cause because it had later been mechanically damaged. Due to 

the corrosion found on the surface of the bearing seat, and the experiences from an-

other case, it is highly likely that the corrosion formed depressions and holes, which 

provided a starting point for a fatigue crack at the area of the highest stress. There-

fore, in this case it is highly likely that the corrosion of the bearing seat’s surface was 

the real cause for the fracture of the flap attach fitting. 

The SB does not mention corrosion of the bearing seat. It mentions wear, stiffness, 

and possible miss-alignment of the flap mechanism as potential causes for a fatigue 

fracture. These are surely possibilities which may increase loads and stress on the 

attach fitting. The BFU is of the opinion that as root cause for fatigue cracks these at-

tempts at explanation are insufficient. A fatigue fracture can occur anywhere, where a 

potential starting point is encountered. In this case the corrosion provided this start-

ing point. If the starting point is there the fatigue crack propagates in the area of the 

highest stress. The stress level may be lower than during dimensioning of the com-

ponent. Therefore a fatigue crack can start in a corrosive environment even if the flap 

mechanism is well adjusted and functions properly. 

The laboratory results showed that the surface condition of the bearing seat, in which 

the lubrication groove of the bronze bearing was located, was different from the re-

maining area. The “track area” was slightly elevated and clearly less sensitive to cor-

rosion. The major part of the surface showed depression and hole corrosion. Such an 

area provided the kerf where a fatigue crack could start. 
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Conclusions 

The flap attach fitting was destroyed by an extended fatigue fracture. It is highly likely 

that it started with a corrosion depression. 

Safety Recommendations 

Recommendation No 06/2018 

The aircraft manufacturer, as type certificate holder of aircraft type Boeing  

B 747-400, should enhance the corrosion resistance of the flap attach fitting, espe-

cially in the bearing seat area. 

 

Recommendation No 07/2018 

The aircraft operator should check the flap attach fittings used in their Boeing 

B 747-400 aircraft pursuant to the manufacturer’s revised Service Bulletin 

(SB) 747-27-2366R3 and Service Letter 747-SL-57-085-C and, if appropriate, re-

place them.  

 

 

Investigator in charge:  Nehmsch 

Field investigation: Nehmsch, Kühne 

Assistance: Ritschel, Kühne 

 

 

Braunschweig 29 March 2018 
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Appendix 

 
Image 1: Area of the left wing, where the flap part is missing.  Source: BFU 

 

 
Image 2: Jammed part of the remaining flap  Source: BFU 
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Image 3: Damage on the fuselage  Source: BFU 

 

 
Image 4: Damage on the fuselage  Source: BFU 
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Image 5: Damage on the vertical tail  Source: BFU 

 

 

Image 6: Located flap part  Source: Bundespolizei 
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Image 7: Located flap part  Source: BFU 

 

 

Image 8: Fractured flap attach fitting (bearing seat)  Source: BFU 
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Image 9: Removed flap attach fitting         Source: BFU 

 

 

Image 10: Part number of the fractured flap attach fitting   Source: BFU 
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Image 11: Aluminium fretting oxidation plaques in the black starting area of the fatigue crack Source: ifw 

 

 

Image 12: Flattened striations in the metallic blank crack section  Source: ifw 
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Image 13: Flattened striations in the metallic blank crack section  Source: ifw 

 

 

Image 14: Transition area between fatigue fracture and residual fracture Source: ifw 
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Image 15: Characteristic dimple structure in the area of the forced rupture Source: ifw 

 

 

Image 16: Overview, left lubrication supply, middle hole corrosion, above “track area” Source: ifs 
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Image 17: Detail enlargement hole corrosion (hole filled with corrosion products) Source: ifs 

 

 

Image 18: Cross specimen with “track area” left to the strong corrosion Source: ifs 

Track area 
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This investigation was conducted in accordance with the regulation (EU) No. 996/2010 of 
the European Parliament and of the Council of 20 October 2010 on the investigation and 
prevention of accidents and incidents in civil aviation and the Federal German Law relat-
ing to the investigation of accidents and incidents associated with the operation of civil 
aircraft (Flugunfall-Untersuchungs-Gesetz - FlUUG) of 26 August 1998.  
 
The sole objective of the investigation is to prevent future accidents and incidents. The 
investigation does not seek to ascertain blame or apportion legal liability for any claims 
that may arise. 
 
This document is a translation of the German Investigation Report. Although every effort 
was made for the translation to be accurate, in the event of any discrepancies the original 
German document is the authentic version. 
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