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4. Damage to the other engine components was consistent with secondary damage that would occur 
due to rotor imbalance, or punctured compressor-to-combustor air transfer tubes, after the airfoil 
was liberated from the fourth stage turbine wheel. 

Results  

Table 1 details the engine components that were submitted to the Rolls-Royce metallurgical laboratory. 

Table 1.  Engine Components Submitted for Detailed Investigation 

Part Name Part Number Serial Number Additional Markings 
Fourth stage turbine wheel 23055944 X586178   
Combustion liner 23056130 10-01-79   
First stage turbine nozzle shield 23084382 N/A date code 0609-57 
Gas producer support 6895010 DW32214 P/N 23038118 
First stage turbine nozzle 23062753 * unknown   
Second stage turbine nozzle 23031938 X38151?   
First stage turbine wheel 23073853 X591867   
Second stage turbine wheel 23073854 X587905   
Tie bolt 23068265 NC84768   
Fourth stage turbine nozzle 23055939 * X591238 P/N 68568 
Third stage turbine nozzle 23069744 X562974   
Third stage turbine wheel 23001967 * X584704   
Power turbine outer shaft 23037413 WN49233   
Power turbine inner shaft 23071309 CK522219   
Turbine shaft to pinion gear coupling 6870832 43771   
Turbine to compressor coupling 6898977 * UT16558   
No 5 bearing 6871505 MP091596   
Lower magnetic chip detector N/A N/A   
Upper magnetic chip detector N/A N/A   

 

 * Part number per the illustrated parts catalog 
 The ‘?’ symbol indicates unknown or illegible character(s) 
 

Visual Examination and Fluorescent Penetrant Inspection  

Fourth Stage Turbine Wheel 

The fourth stage turbine wheel is shown in the as received condition in Figure 1; and after cleaning with 
soap and water in Figure 2 (leading edge view) and Figure 3 (trailing edge view).  The airfoils on the 
wheel were numbered sequentially #1 through #32, starting with the liberated airfoil, for the purposes of 
this report.  Preliminary visual inspection showed that airfoil #1 was liberated from the wheel just 
outboard of the rim.  In addition, the shroud outboard of airfoil #1 and outboard of the three airfoils 
immediately following airfoil #1 (airfoils #32, #31, and #30) was liberated from the wheel, as shown axially 
in Figure 4 and radially in Figure 5.  The liberated material from airfoil #1 and the fractured shroud was 
not recovered.  Closer visual inspection of the fracture surfaces on, or near the shroud on airfoils #2, #29, 
#30, #31, and #32 showed macroscopic features consistent with overload.  Detailed views of the shroud 
fractures outboard of airfoils #2 and #29 showing fracture features consistent with overload are shown in 
Figure 6.  The outboard surface of the shroud and knife seals around the rest of the circumference 
showed non-uniform damage; characterized by knife seal damage consistent with debris being trapped in 
the knife seals outboard of airfoils #20 to #29, and heavy knife seal rub damage outboard of airfoils #8 to 
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