
 
19th World Conference on Non-Destructive Testing 2016 

 
 

 1 
License: http://creativecommons.org/licenses/by/3.0/ 

Experience of Tangential Radiographic Inspection 
Application for Nuclear Power Facilities 

Volodymyr TROITSKIY 1, Mikhail KARMANOV 1, Sergey MIKHAILOV 1, 
Roman PASTOVENSKIY 1 

1 The E.O. Paton Electric Welding Institute  of the National Academy of Science of 
Ukraine, Kiev, Ukraine 

Contact e-mail: usndt@ukr.net  

Abstract. There is a great number of thick-walled stainless steel pipes of small 
diameter on nuclear power facilities. This is especially true for hazardous location 
areas of locking devices, bends. These objects often have deep deterioration, losses 
of metal thickness , etc. Ultrasonic testing can not be used for them because of the 
large curvature of the surface and structural features of high-alloy steels.  
 For these purposes a tangential radiographic testing was developed and 
implemented [1] at Ukrainian nuclear power stations and an appropriate NDT 
procedure was created. The tangential radiographic inspection method allows 
measuring of metal and insulation thickness, detecting their separations, searching 
internal foreign deposits, etc. Here instead of the conventional X-ray front radiation 
beam the information from radiographic tangential to circumferential surface is 
studied. This allows getting a lot of information about the thickness of the pipe wall 
being inspected. A specific investigation and comparison results of thickness 
measurements of 32÷118 mm diameter with 2÷12 mm thickness pipe made 
mechanically and with tangential X-ray testing are represented in this work. During 
tangential radiographic testing a radiation thickness is 15,5÷67,8 mm. 
 Specialists for application of this NDT technique are trained and certified 
according to the international standards in Certification Center of Ukrainian Society 
of NDT.  

Introduction  

The important problem in energetic adjustments is timely diagnosing of various 
funnels and the trumpet fixture of small diameter for which does not approach hypersonic 
measuring of thickness. For these problems can be used tangential radiography. This aspect 
of radiography is successfully applied in Institute of electric welding of E.O.Paton National 
Academy of Science of Ukraine [1,2,3] to an estimation of positive allowances between 
courses of metal and isolation in the bodies of revolution having the big curvature. 

In connection with great volume of installations in atomic engineering which badly 
or nearly so are not diagnosed, by request of National Nuclear Energy Generating 
Company "ENERGOATOM" has been developed the technique «The Radioexamination of 
parent metal of the equipment and atomic power station tubing’s» on which such diagnostic 
studies now are led. 
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Researches of tangential radiographic inspection 
 

In report is given results of experimental researches which have been executed in the 
course of preparation of the given technique. 

Radiation translucence of funnels and-or other bodies of rotation is meant tangential 
translucence in a beam direction, on a tangent to edge of a product. The given method of 
translucence can be applicable for revealing of staining, erosion, gauging the thickness of a 
wall of a product, presence of adjournment and other defects. It allows to make a quality 
standard at impossibility of use of other ways of translucence or nondestructive test 
methods. 

The given method is widely applied with use as X-ray, and gamma of emitters to 
exploration of the multilayered designs [1]. In the capacity of the detector are applied radio 
graphical films or digital detectors. On fig. 1 is presented the circuit design of tangential 
translucence of not isolated products [4]. 

 

 
Fig. 1 Tangential translucence of not isolated products: 

d - a size of a focal stain of a radiation source; D - the detector of the last emanation; F – focal length 
 
 

For tangential translucence radiation source sampling should be defined on the 
maximum thickness in a direction of translucence of a product, wmax, as shown in fig. 2. 

 
Fig. 2 - the maximum appeared through thickness of a funnel, wmax, for a tangential radiography 

d - a size of a focal stain of a radiation source; D - the detector of the last emanation 
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The maximum radiation thickness, wmax, at translucence of products by a tangential 
method, is defined by formula: 

  max ew =2 H D -H   (1),    
     

where Н - a nominal thickness of a wall of a funnel; De - external diameter of a 
funnel. 

 
Table 1. The maximum band of a thickness of an appeared through steel, for various radiation sources 

Radiation source 
 Limits of the maximum appeared through thickness wmax, mm 

X-ray (100 кВ) ≤ 7 
X-ray (200 кВ) ≤ 20 
X-ray (300 кВ) ≤ 30 
X-ray 400 кВ) ≤ 35 

Ir 192 ≤ 60 
 

To define a matching source, for a certain product, the maximum appeared through 
thickness, wmax, should be defined, by formula (1) and is compared with the values given 
in Table 1. 

For tangential film radiography, translucence regimes should be those that the optical 
density of pictures matched to following values: 
- Optical density in a tangential direction on a wall of a funnel ρ1 ≥ 0,5 o.d.u. (Optical 
density units); 
- Optical density on distance of 10 mm from the inner boundary of a wall of a funnel ρ2 ≥ 
1,5 o.d.u. 

Thus the condition ρ2/ρ1≥1,5 should be satisfied. 
For digital radiography performance of the previous conditions not necessarily, after 

all the gained digital picture can be exposed to an aftertreatment that increases accuracy of 
gaugings. 

To avoid too big density of the veil which are growing out of age-hardening of a film 
and other factors, it is necessary to fabricate a periodic quality control of a film by a full 
cycle of chemical-photographic machining of unexposed film. The film density should not 
exceed 0,3 o.d.u.. The film density here is defined as full density (an emulsion + an 
emulsion carrier) processed of unexposed film. 

The minimum focal length from a source to the detector, depends on an initial size of 
a focal stain, d, distances from the funnel centre to the detector, R, and is defined under 
formula: 

 
d RF

0,3mm
   (2) 

 
On the radio graphics image of gauging of the residual thickness of a wall are 

fabricated by formula (3). 
 

c

c

H hh =
H
  (3), 

 
where  H - an actual thickness of a wall of the funnel, gauged by hypersonic measuring of 
thickness; Hc - a thickness of a wall of the funnel, gauged in a radio graphical picture; hc - 
a thickness of a wall in a place of grooving the funnels, gauged in a radio graphical picture; 
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h - a settlement thickness of a wall in a place of grooving funnels. 
 

The circuit design of conducting of gaugings is resulted on fig. 3. 
 

 
Fig. 3 Circuit design of gauging of the residual thickness of a wall in a case when on the radio graphics 

image there is a section not subject to an errozionno-corrosive wear 
 
In a case when all wall is damaged erosion-corrosion deterioration to be fabricated 

wall gauging the thickness on the intact section and this value is equated to H. 
In Institute of electric welding of E.O.Paton National Academy of Science of Ukraine 

in common with specialists of nuclear station by definition lapses of the residual thickness 
of a wall, with application of tangential translucence, on funnels of various diameter (from 
Ø32 mm to Ø108 mm), experiments have been fabricated for film radiography. Samples 
with grooving have been fabricated agree to fig. 4. 
 

 
Fig. 4 Sketch of samples with internal grooves 

 
Objective of this research was comparisons of indications of observed data by means 

of a micrometer with design data at tangential translucence and measuring error 
definitions. Results of explorations are resulted in tab. 2-6. 

 
 

h1 h2 h3 h4 

H 

H 
h 

Sourse 
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Table 2 Observed data, ∆ = ± 0,002 mm are made by the Allukrainian state research and development 
centre of standardization, a metrology, certification and protection of the rights of users. 

Ø and a thickness 
of a funnel, mm 

 
h1 h2 h3 h4 

32·2 0,34 0,77 1,32 2,02 
38·3 1,44 2,0 2,46 3,1 
57·4 2,18 2,69 3,24 4,2 
76·3 1,3 1,79 2,38 2,94 
89·5 1,95 2,83 3,38 4,59 

108·9 5,19 6,73 8,29 8,94 
 

Table 3 Observed data in a radio graphical picture by means of a measuring magnifier  
(ЛИ-3-10х) at tangential translucence 

 
Table 4 Results of calculations at tangential translucence by formula: 

c

c

H hh =
H


, 

where Hc - a thickness of a wall of the funnel, gauged in a radio graphical picture;  
hc - a thickness of a wall of the funnel, gauged in a place of grooving 

 
Table 5 Observed data in a radio graphical picture by means of a measuring magnifier (ЛИ-3-10х) at 

tangential translucence with using of gamma source  

 
 
 
 
 
 
 
 

Ø  and a thickness of a 
funnel, mm 

 
Hс hс1 hс2 hс3 hс4 

32·2 2,1 0,4 0,8 1,5 2,1 
38·3 3,1 1,5 2,1 2,6 3,1 
57·4 4,6 2,3 2,9 3,5 4,6 
76·3 3,2 1,4 2,0 2,6 3,1 
89·5 4,0 1,4 2,3 2,7 3,6 

108·9 7,7 4,0 5,7 7,2 7,8 

Ø  and a 
thickness of 

a funnel, mm 
 

H h1 h2 h3 h4 

32·2 2,0 0,38 0,76 1,43 2,0 
38·3 3,0 1,45 2,03 2,52 3,0 
57·4 4,0 2,0 2,52 3,04 4,0 
76·3 3,0 1,31 1,88 2,44 2,91 
89·5 5,0 1,75 2,88 3,375 4,5 

108·9 9,0 4,68 6,66 8,53 9,11 

Ø  and a thickness 
of a funnel, mm Hс hс1 hс2 hс3 hс4 

32·2 2,5 0,5 1,0 1,6 2,5 
38·3 3,4 1,7 2,2 2,6 3,5 
57·4 3,3 1,3 2,0 2,6 3,2 
76·3 4,6 2,4 3,0 3,6 4,6 
89·5 4,8 2,0 3,2 3,8 4,8 

108·9 10,5 6,0 7,5 9,5 10,5 
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Table 6 Results of calculations at tangential translucence with use source gamma by formula: 

c

c

H hh =
H


, 

where Hc - a thickness of a wall of the funnel, gauged in a radiographical image; 
hc - a thickness of a wall of the funnel, gauged in a place of groove. 

 
Conclusions 

 
Proceeding from data resulted in tab. 2-6 follows: 
- With application of the X-Ray device, results of explorations does not exceed ±0,2 

mm, that the necessary lapse for trumpet samples Ø32-89 mm. On trumpet sample Ø108х9 
mm at use as X-ray, and gamma ray - of emanations the maximum lapse has made ±0,5 
mm. With application of a digital processing of images these values decrease, that testifies 
to more exact results. 

- By results of explorations led by specialists of nuclear station, with application the 
gamma of sources, on trumpet samples Ø of 32-76 mm also is attained a lapse did not 
exceed ±0,2 mm. On trumpet samples Ø89 and 108 mm, a lapse of gaugings has made  
±0,25-0,5 mm. 
- Application of the given method of gaugings in a combination to a digital processing of 
data can essentially increase accuracy of the gained results and to gain application in 
various branches of manufacture and maintenance of tubings and cylindrical products. 

References  

[1] Troitskiy V.A., Non-destructive testing of multilayer welded structures // Insight. - 1997. - Vol. 39, N 9. 
- P. 646-648, 651. 

[2] Troitskiy V. A., Manual on radiography of welded joints. Kiev, Feniks, 2008. – 312 pages. 
[3] Paton B.E., Troitskiy V.A. The main directions of development of non-destructive testing of welded 

joints in the Paton ElectricWelding Institute, Technical Diagnostics and NDT, 2013. No.4. pp 13-29. 
[4] EN 16407-1 , 2014 г.  Non-destructive testing - Radiographic inspection of corrosion and deposits in 

pipes by X- and gamma rays - Part 1: Tangential radiographic inspection  
 

Ø and a 
thickness of a 
funnel, mm 

H h1 h2 h3 h4 

32·2 2,0 0,4 0,8 1,28 2,0 
38·3 3,0 1,5 1,94 2,29 3,09 
57·4 4,0 1,58 2,42 3,15 3,88 
76·3 3,0 1,47 1,96 2,35 3,0 
89·5 5,0 2,08 3,23 3,85 5,0 

108·9 9,0 5,14 6,43 8,14 9,0 


