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Abstract. NDE studies are carried out on life expired hardware as part of defect investigation, 
failure analysis and also to obtain the details of internal features. This data has proven to be 

extremely useful for concept and design purpose of future projects. It involves generation of 

dimensional details, geometric features, material identification and properties etc. The paper details 

a case study on the application of different NDE methods for recreating the data set of complex 
Low Pressure Turbine Blisk used in an aero engine. Radiography, Ultrasonic Testing, Eddy Current 

Testing were used to generate the internal construction details of the blisk. Comprehensive design 

simulation and modeling has been successfully carried out using NDE data. 
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Introduction 

While conventional Non-Destructive Testing (NDT) is widely used to verify the reliability and 

integrity of product, these methods have got high potential for other applications like material 

identification, measurement of properties, residual life estimation and are increasing becoming 
popular as Non-Destructive Evaluation (NDE). These methods have also proven to be extremely 

useful for the recreation of design data from components which lack technical drawings, bill-of 

materials and engineering data. This type of situation arises when the components under study have 

been manufactured else-where but found defective or failed during service. Also, when agencies are 

involved in research and development activities, it is a pre-requisite to set a benchmark for design, 
inspection etc. by comparing with data obtained from proven components. Hence, it becomes 

necessary to study defective, failed and life-expired hardware. Producing geometric representations 

of free-form, or sculptured, parts from scratch are a time consuming and expensive process
1
.Tactile 

and optical measurement systems require surfaces and geometrical features that are accessible or 

visible
2
. However, NDE methods can be applied with limited access and can also generate the 

external and internal construction features of a component. This is in contrast to conventional 

engineering design which starts with a CAD model and ends with a product
1
.The aim of this paper 

is to describe a case study were the design data was simulated for manufacturing of Low Pressure 

Turbine (LPT) Rotor Blisk by the application of NDE methods on a life-expired hardware already 

used in an aero engine. Fig. 1 depicts the procedure adopted for reconstruction and development of 
the LPT Rotor Blisk.  
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Figure 1: Procedure for redesign and product development of LPT Rotor Blisk 

 

Case Study 

 
The hardware under study was a LPT Rotor Blisk with an integral shaft. Depending on blisk size, 

geometry and material, various competing manufacturing process chains exist
3
.The objective was to 

generate the internal construction details and understand manufacturing process of this blisk using 

various NDE methods. Fig. 2a shows the photograph of the Sub-Assembly LPT blisk and the shaft 

portion is shown in Fig. 2b. 
 

 
 
Figure 2a: S/A LPT Rotor Blisk   Figure 2b: Shaft portion of sub-assembly blisk 

 

NDE Methods 

 

 Radiography 
 

 Initially, it was decided to subject the entire assembly to radiography to have a general idea 

on the features. Hence, the blisk and the shaft portions were exposed separately and the  results are 

shown in Fig. 3, 4 and 5. 

 

Figure 3: Blisk region 

 

 
 

Figure 4: Interface between 

blisk  and shaft 

 

 

 
 

Figure 5: End portion of shaft 

 

 

 

Purge Hole 
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 Fig. 3 shows that the blisk (Blade Integrated Disk) is an investment cast structure. Fig. 4 

reveals that the blisk and shaft are two separate components welded together. This weld is flush 
ground and is not visible from the hardware as seen in Fig. 2b. Further, it could be inferred that the 

mating portions on the blisk and the shaft were made hollow to facilitate welding. The internal 

geometric configuration also was obtained. Based on the radiographic image of the weld, it was 

suggested that the joint could be electron beam or friction welding. The length of the mating 

portions and the position of the weld were also approximately calculated from the radiograph with 
the purge hole as reference. The end portion of the shaft had internal splines for mating purpose and 

was evident from Fig. 5. Hence, with using Radiography, the complete internal details and probable 

manufacturing/ fabrication technologies were captured.  

 

 Ultrasonic Testing 
 

 Further wall thickness measurements were carried out on the shaft region using Ultrasonic 

Wall Thickness Gauge at various locations as shown in Fig. 6. 

 

 
 

Figure 6: Ultrasonic Wall Thickness measurement on shaft of S/A LPT Blisk 

 

The wall thickness profile along the entire length of the shaft (portion of shaft on blisk and the 

remaining shaft) was obtained and mapped as in Fig. 7. 

 

 
 

Figure 7: Wall thickness profile of shaft 

 

 Eddy Current Testing 

 

 Conductivity measurements were carried out on blisk and shaft regions of the sub-assembly. 
The blisk region confirmed to non-ferrous alloy and remained the same up to the mating portion 

with the shaft. Further, the shaft proved to be ferrous alloy.  These results were confirmed during 

subsequent metallographic testing. 
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 Summary 

  
 Using complementary NDE methods, the internal geometrical and dimensional details of the 

entire sub-assembly LPT Blisk were obtained. Design simulation was carried out and a CAD 

drawing was regenerated with the aid of NDE data set as shown in Fig. 8. 

 

 
 

 

 

 

 
 

Figure 8: CAD drawing of S/A LPT Blisk 

 

Further, the sub-assembly was successfully reproduced as per the original life-expired hardware. 

NDT was carried out on the new part using the results obtained from the original as reference and 
found to be satisfactory.  It was also verified and validated in the test rig. The hardware is ready for 

use in the forth coming project. 
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