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Investigation Report 
Identification 

Type of Occurrence: Serious incident 

Date: 8 October 2014 

Location:  Frankfurt/Main 

Aircraft: Cargo airplane 

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

Injuries to Persons: None 

Damage: Minor damage to aircraft 

Other Damage: None 

State File Number: BFU EX007-14 

  

Factual Information 

During the approach to Frankfurt/Main Airport parts of the left wing flap detached 
from the airplane. 

History of the Flight 

At 1427 hrs1 the freighter was on final approach to Frankfurt/Main Airport. It was on a 

flight from Moscow, Russia. Four persons were on board: two pilots, flying the air-

                                            
1 All times local, unless otherwise stated. 
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plane, one substitute pilot seated in the jump seat at the rear of the cockpit, and one 

other substitute pilot.  

The Pilot in Command (PIC) in the left-hand seat was Pilot Flying (PF). The approach 

to runway 25L was conducted with engaged autopilot.  

The crew stated that at approximately 2,500 ft AMSL as the flaps extended from 20° 

to 30° they heard a sound similar to the landing gear extending. Immediately after-

wards the airplane rolled left about its longitudinal axis by approximately 7°. At that 

time the Indicated Air Speed (IAS) was 160 kt. Then the autopilot was disengaged 

and the PIC steered the airplane manually back to the Instrument Landing System 

(ILS) approach path. 

The landing occurred without further problems. The airplane taxied to the parking po-

sition. There the missing part of the left wing inboard fore flap was noticed. 

Personnel Information  

The 64-year-old PIC held an Airline Transport Pilot's License (ATPL) with the com-

mensurate Boeing B 747-400 type rating issued by the South-Korean aeronautical 

authority. He held a valid class 1 medical certificate. According to the airline he had a 

total flying experience of 18,009 hours; 13,671 hours of which on Boeing 747-400. 

The 32-year-old co-pilot held a Commercial Pilot's License (CPL) with the commen-

surate Boeing B 747-400 type rating issued by the South-Korean aeronautical au-

thority. He held a valid class 1 medical certificate. According to the airline he had a 

total flying experience of 2,236 hours; of which 548 hours were on Boeing 747-400. 

The second co-pilot, age 40, held a Commercial Pilot's License (CPL) with the com-

mensurate Boeing B 747-400 type rating issued by the South-Korean aeronautical 

authority. He held a valid class 1 medical certificate. According to the airline he had a 

total flying experience of 4,940 hours; of which 3,549 hours were on Boeing 747-400. 

Aircraft Information 

The B747-400 F manufactured by The Boeing Company is an all-metal, low-wing air-

craft with retractable tricycle nose wheel landing gear. The airplane was powered by 

four Pratt & Whitney PW4056 jet engines. According to the flight manual, maximum 

take-off mass was 394,625 kg and maximum landing mass 295,742 kg. The calculat-

ed landing mass entered in the loading sheet for the landing in Frankfurt was 
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255,652 kg. The aircraft with the manufacturer’s serial number 26414 was built in 

2002. According to the Flight and Maintenance Log total operating time of the aircraft 

was 59,155 hours and 10,506 cycles. 

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

operator. 

The fractured flap attach fitting was of the aluminium alloy EN AW 7075. On one side 

it had been screwed to the flap spar (Appendices Image 6). 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, was resting in a bronze bushing (Image 6a). During assembly the 

bronze bushing was pushed up to the lap into the eye of the attach fitting. The side 

without lap was flared so that the bushing remained firmly in the eye and could not be 

pressed out. A circumferential groove ran along the outside of the bushing which was 

connected with the inside of the bushing via three drill holes. Via the groove and the 

drill holes the ball was supplied with lubrication. A fitting on the outside 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 (Image 6a). 

Meteorological Information 

The aviation routine weather report (METAR) at Frankfurt/Main Airport of 0720 UTC 

described the weather conditions as follows: 

Wind:    100°/04 kt 

Visibility:    More than 10 km 

Clouds:    1 to 2 oktas at 1,500 ft; 5 to 7 oktas at 17,000 ft 

Temperature:   12°C 

Dewpoint:    12°C 

Barometric air pressure (QNH):  1,010 hPa 

Aids to Navigation 

The instrument approach procedure was conducted with the Instrument Landing Sys-

tem (ILS) of runway 25L. 
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The air traffic control service provider provided the BFU with the radar recording of 

the approach. 

Radio Communications 

During the approach and landing the crew was in radio contact with approach control 

and Frankfurt Tower. Radio transmissions were recorded. The transcripts were made 

available to the BFU for evaluation purposes. There was no usable information re-

garding the fracture of the flap. 

Aerodrome Information 

Frankfurt/Main Airport has two asphalt runways. The runways 07R/25L and 07C/25C 

are each 4,000 m long and 45 m and 60 m wide, respectively. A third runway 

07L/25R is 2,800 m long and 45 m wide. It has a concrete surface. Runway 18 also 

has a concrete surface and is 4,000 m long and 45 m wide. 

Flight Recorder 

The Flight Data Recorder (FDR), Honeywell SSFDR-11224, and the Cockpit Voice 

Recorder (CVR), Fairchild Model A200S, were available to the BFU for read-out. The 

FDR recordings showed that after the flaps had been fully extended the airplane 

rolled left by 7°. Afterwards the autopilot was disengaged and the flight attitude cor-

rected manually. The continuing flight and the landing occurred without further inci-

dent. 

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 one metre left of the inner flap at-

tach fitting (Images 1 - 3). The two outer fore-flap tracks, connecting the fore and 

middle inboard flap, were fractured or damaged. The cover panels of the fore-flap 

track’s mountings showed damages. In the area of the carriage, which moves the 

outer bearing of the flap, a fracture piece of the bearing seat got jammed (Image 8). 

The bronze bushing was still connected with the carriage through the bolt (Image 9). 

Image 5 shows a drawing of the flap arrangement and the fractured attach fitting. The 
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left outer inboard fore flap attach fitting (Image 7) with the Part Number 

ASSY 65B39025-29 /-31 had fractured. 

The severed flap part was found in a forest close to Frankfurt/Main and transported 

to the BFU for further examination (Image 4). 

Putting all three pieces back together revealed that they fit perfectly. The examination 

of the fracture surfaces of the flap attach fitting showed that the fracture surface on 

the flap part found on the ground was heavily deformed. Therefore, this fracture 

piece could not be used for further analysis. The counter fractures were located on 

the bearing seat piece, which had become jammed in the carriage area. The Institut 

für Füge- und Schweißtechnik der Technischen Universität Braunschweig (ifs) exa-

mined them in their laboratory. 

During macroscopic examination clear characteristics of fatigue fracture were visible 

(Image 10). These lines of rest indicated fracture propagation from inside to outside 

(Image 11). The examination with the scanning electron microscope (REM), Jeol 

JSM-6480, showed clear striations (Images 12 and 14) and confirmed the fatigue 

crack. The crack origins on the inside of the fracture piece showed holes and de-

pressions which indicated corrosion (Image 13). Further examination of the drill hole 

surface clearly showed corroded areas. It was noted that the area of the lubrication 

groove showed significantly less corrosion (Image 16) than the larger area of the drill 

hole surface. They looked like holes or depressions. Another crack was found there 

(Image 16). The fatigue cracks, which ultimately resulted in the fracture of the com-

ponent, originated in just such an area. The residual fracture showed a ductile frac-

ture structure (Image 15). 

The metallographic cross specimen showed clearly strong corrosion on the entire in-

side of the fracture part. The base metal seemed to dissolve. It was also clearly visi-

ble that the areas outside the lubrication groove were significantly more affected. The 

metallographic examination also revealed that the groove of the drill hole surface had 

a different mechanical quality (Image 17). 

The result of the chemical analysis confirmed the material data of the manufacturer. 

The cupreous aluminium alloy EN AW 7075 had been used, which is well-established 

in aircraft design. 

 



 Investigation Report BFU EX007-14 
 
 

 
- 6 - 

Additional Information 

Past Occurrences 

In the history of the aircraft type damages to and loss of flaps or parts of flaps oc-

curred at times. These were caused by inaccuracies in the adjustment of the runner 

system with which the flaps were moved and guided. Insufficient lubrication of the 

runner system also resulted in damages. 

There were cases where corrosion was the trigger for the fracture of the attach fitting 

and subsequent loss of flap parts. Such an event occurred on 8 May 2009 during the 

approach to Frankfurt/Main Airport which the BFU also investigated (File Number: 

AX001-09). The course of events was almost identical. However, the fractured flap 

parts had punctured the fuselage and damaged the tail section. 

The fracture pieces found from the past events also showed fatigue fractures which 

resulted in the failure of the flap attach fitting. Up until now the fracture origin could 

not be determined, because in the past the surface of the fracture origin had been 

damaged. In this case the fracture face was preserved and therefore the entire frac-

ture propagation could be determined.  

With the experiences from this case, the case from 2009 (AX001-09) was re-

examined. 

Actions by the Manufacturer  

On 20 June 1975 the manufacturer, as type certificate holder, issued the Service Bul-

letin Revision 2 (SB) 747-57-2119 (Image 18). The reason for publishing the SB was 

a fatigue crack on the outer attach fitting of the inboard fore flap, which had occurred 

on a test airplane for dynamic fatigue tests after 12,000 simulated flights. The SB re-

ports of other cases reported by aircraft operators where flap attach fittings had 

cracked or fractured. The SB describes the replacement of the old with improved and 

reinforced attach fittings. 

On 14 November 2003 the manufacturer issued the Service Letter 747-SL-57-097 

(Image 19). It describes the fracture of an inboard flap attach fitting due to corrosion. 

As a result the corrosion resistance of the component was enhanced. According to 

the aircraft manufacturer a different material (7075-T351 instead of 2024-T351) was 

used. Both are well-established aluminium alloys in aircraft design. It was recom-

mended that the aircraft operators should replace the installed flap attach fittings with 

improved ones.   
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Analysis 

According to the crew’s statement, which was confirmed by the FDR recording, the 

fracture of the flap occurred during approach to Frankfurt/Main Airport shortly after 

the flaps had been fully extended.  

The fracture of the attach fitting was due to fatigue corrosion. The corrosion, in con-

sequence of the used material, resulted in kerfs which, in correlation with stress, 

served as crack origin for fatigue fracture. The fatigue fracture propagated until the 

remaining section was destroyed by ductile forced rupture. Because of a well-

preserved fracture surface of the attach fitting the fracture origin and the fracture 

propagation could be established conclusively. Trigger for the fracture of the remain-

ing section was the extension of the flap and the corresponding stress increase, 

which the section could no longer tolerate. 

The corrosive damage is not uncharacteristic for the used material. Literature refer-

ring to corrosion characteristics of aluminium alloys, such as the cupreous 

EN AW 7075, describes the corrosion susceptibility due to their copper content. 

The area of the lubrication groove of the bronze bushing showed a different surface 

condition which was clearly less susceptible to corrosion. 

Due to the fracture of the attach fitting the flap lost its outer mounting. Subsequently, 

it flapped upward and fractured. 

This resulted in additional damages in the periphery of the flap. The airplane itself 

was not hit or damaged by severed components. The FDR recordings showed that 

the loss of a flap part did not have any significant influence on the flight characteris-

tics of the airplane. The PIC was able to manually counteract the loss of lift capacity 

during approach. The landing occurred without further problems. 

 There is an increased risk for third parties, because an airplane is usually in final ap-

proach to an airport and therefore often above metropolitan areas, when the flaps are 

extended. That in the past as well as in this case no persons or objects suffered inju-

ries or damages is a stroke of luck. The BFU is of the opinion that there exists gen-

eral need for action to improve the flap attach fitting for this aircraft type. 

In November 2003 the manufacturer issued the Service Letter 747-SL-57-097, which 

describes the fracture of the inner attach fitting of the inboard fore flap. The described 

facts are also true for the outer attach fitting of this particular case. According to the 

manufacturer the improvement consisted of the change of aluminium alloy to the ma-
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terial 7075-T351. This alloy is already used for the outer attach fitting, as the present 

case shows. It is therefore possible that enhancement of corrosion resistance could 

be achieved by surface treatment. The investigation revealed that the area of the lu-

brication groove on the surface of the attach fitting was less corrosion susceptible. 

The BFU views this as a possible future solution method to improve corrosion protec-

tion. 

The SB 747-57-2119 Revision 2 issued in June 1975 covered damaged and frac-

tured outer attach fittings of inboard fore flaps. Back then different causes had been 

identified. There was no explicit description of damages and fractures caused by cor-

rosion. 
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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 

Safety Recommendation No. 05/2018 

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

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

747-27-2366R3 and the Service Letter 747-SL57085-C and, if appropriate, replace 

them.  

Safety 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. 

 

 

 

Investigator in charge:  Nehmsch 

Field investigation: Jäkel, Nehmsch 

Assistance: Jäkel, Ritschel 

Braunschweig 29/03/2018  
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Appendices 

 
Image 1: The fractured flap viewed from below Source: BFU 
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Image 2: The fractured flap viewed from above Source: BFU 

 

 
Image 3: Outer mounting point of the flap Source: BFU 
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Image 4: Fractured flap part Source: BFU 
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Image 5: Assembly and position of the inboard fore flap with fracture on the attach fitting  Source: Manufacturer 

 

 

Image 6: Link between inboard fore flap and carriage  Source: Manufacturer 
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Image 6a: Detail link between inboard fore flap and carriage  Source: Manufacturer 

 

 
Image 7: Flap attach fitting with lower bearing seat, fracture surfaces severely damaged Source: BFU 
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Image 8: Upper part of the bearing seat with well-preserved fracture surfaces Source: BFU 

 

 
Image 9: Pin with bronze socket at the carriage Source: BFU 



 Investigation Report BFU EX007-14 
 
 

 
- 16 - 

 

Image 10: Fracture surface on the upper bearing seat (at delivery) Source: ifs 

 

 
Image 11: Fracture surface on the upper bearing seat (cleaned) Source: ifs 
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Image 12: Fracture origin Source: ifs 

 

 

 

Image 13: Fracture origin with corrosion Source: ifs 
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Image 14: Detail enlargement of the fracture surface with striations Source: ifs 

 

 

Image 15: Detail enlargement of the residual fracture, ductile forced rupture Source: ifs 
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Image 16: Surface structure of the inside of the bearing seat, corrosive area (encircled) Source: ifs 
 another crack (arrow), lubrication groove (right) 

 

 

 

 

Image 17: Metallographic overview of the heavily corroded inside with lubrication groove (arrow) Source: ifs 
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Image 18: Excerpt Service Bulletin SB 747-57-2119-02: 
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Image 19: Service Letter 747-SL-57-097: 
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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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