
18th World Conference on Nondestructive Testing, 16-20 April 2012, Durban, South Africa 

 

Rapid Complete Inspection of Large-Size Products in Foundry. 

 

Alexander M. SHTEYN, Alexander I. CHEPRASOV, Sergey V. CHAKHLOV,  

Michael M. SHTEYN, Vasiliy A. KLIMENOV, Sergey V. KNYAZEV 

 

Institute of Non-destructive Testing, Tomsk Polytechnic University; Tomsk, Russia;  

Phone: +7 3822 417801 Fax: +7 3822 417281 ; e-mail: shteyn@x-ray.ru, k10122@mail.ru, 

serg1@mail.tomsknet.ru, shtein@introscopy.tpu.ru, klimenov@tpu.ru, krooik@mail.ru. 

 

 

Abstract.  

The task of complete inspection of large-size castings being a part of engineering process during casting process 

is causing huge concerns these days. A complete inspection of cast products is now possible using X-ray 

introscopes of scanning type based on a betatron and scintillation linear detector array. The report shows 

experimental data on X-raying a part of a bogie with the maximum thickness 150 mm. It is demonstrated that the 

contrast sensitivity is 3% and resolution is 0.5 line pairs per mm. 
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1. Introduction 

 

Non-destructive testing (NDT) instrumentation normally used by the foundries is not 
informative enough and does not guarantee flaw detection in castings [1]. More so, being time 

consuming, the NDT methods do not allow conducting a complete casting inspection. 

 

As numerous research works demonstrate [2], similar-type defects in complex castings were 
discovered, a part of which (cast seam, misrun, waviness and turndowns, sandbuckles, some 

blow holes, surface cracks) can be detected in the process of cast presorting by visual 

inspection or magnetic-particle method. 

 
Hidden subsurface flaws such as sinkholes, micro cracks, some blowholes, non-metallic 

inclusions which results in formation and propagation of fatigue cracks are not subject to 

detection by the NDT methods used at enterprises. 

 
Nevertheless, the task of complete NDT of complex large-size castings can be solved with the 

use of scanning X-ray introscopes on the basis of cyclic inductive electron accelerators - 

betatrons. Small-size betatrons with the maximum energy of bremsstrahlung radiation from 

2.5 to 10 MeV [3] have been developed and manufactured by the Institute of Non-Destructive 
Testing, Tomsk Polytechnic University (INDT TPU). 

 

2. Inspection of large - sized products in foundry. 

 

INDT betatrons are used in scientific research, high-speed radiography of fast 

processes, X-ray NDT and introscopy, medicine for cancer therapy, inspection systems, 

inspection of large-size products, as well as in computer tomographs. Metallurgy, namely 
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complete quality inspection of the large-size highly engineered castings, is a promising 
direction of betatron use. 

To demonstrate the capabilities, INDT TPU conducted non-destructive testing of the 

parts of bogies/truck side frames, which are complex large-size cast products (Figure 1). 

 
 

Figure 1. Freight bogie side frame 
 

Cast elements of freight bogies are especially critical details which, being exploited, endure 

static and dynamic vertical and horizontal loads as well as the impact of rotational torque [1]. 

Herewith the main part of load is of cyclic nature, and fatigue strength of the details is the key 
characteristic of their operation reliability. Formation and propagation of fatigue cracks is the 

main reason for frames and beams failure. The development of fatigue process is connected, 

in particular, with the surface, internal and repaired flaws which are the stress raisers. That is 

why the NDT issue in providing safety of the cast details is urgent nowadays.   
 

Experiments on X-raying the sample were conducted with the use of a laboratory introscope 

of a scanning type. Its main elements are X-ray source with local shielding and collimator, 

scanner and linear detector. The X-ray source is a betatron with the maximum energy 5 MeV 
and dose rate 5R/min at 1 meter from the target. The pulse repetition rate is 400Hz at 5 μs 
duration. The scanner allows moving details of up to 150kg with adjustable speed from 0.3 to 

10 cm/sec. The scanner active length is 2.5m.  

 
The array consists of 416 individual detectors, each being a square-shaped scintillator with a 

photodiode. The scintillator horizontal size is 6mm, vertical size is 4mm, and its length is 

50mm. 



 
Software package “Diada” developed in INDT was used for the shadow image reconstruction 
and processing. 

 

Preliminary experiments allowed selecting the mode and geometry of X-raying. The below 
given picture (as an example) is taken at the scanning speed of 1.1 cm/sec, with the averaging 

4 and 4-fold zooming. The visible size of the sample elementary platform is 1×1.5 mm. The 

maximum thickness of a steel cast is 150 mm. It took 40 seconds to scan the sample and it 

would take 3 minutes to X-ray the side frame.  
 

Figure 2 shows that the sample edges are almost not blurred which means a reasonable 

resolution. Analyzing the picture, we may assume that the sample has a defect such as 

discontinuity (in a square window). 

 

 
 

Figure 2. Part of the bogie’s side frame 

 

Image processing allows visualizing the discontinuities in the casting (Figure 3). In figure 3, 

casting flaws such as porosity and sinkholes are marked. 
 

In order to define the contrast sensitivity and resolution of the method, test plates with width 

and depth variations of slots were used (small plate – changing in depth with 0.2 mm step; big 

plate (Figure 4) - changing in depth with 1mm step, from 0 to 10 mm, and in width with 1mm 



step, from 1 mm to 10 mm). The test plate was positioned on the radiator side. The results of 
X-raying are given in Figure 5.  

 

 
Figure 3. Detected flaws of discontinuity in the casting of a bogie’s side frame  

 

 
Figure 4. Part of a side frame with test plates to define contrast sensitivity and 

resolution of the method 



 

 
 

Figure 5. Test plate. Material – steel, thickness 20mm 

 

3. Conclusions 
 

According to the obtained results, the contrast sensitivity is 3%, resolution being 0.5 line pairs 

per mm. 

 
The research results show that X-ray patterns made in several angles and obtained with the 

help of the betatron-based scanning introscope, and the respective mathematical processing 

provide immediate and comprehensive information on the internal structure of a complex 

casting. 
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