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Abstract 
During the production of safety relevant pipes, tanks or high pressure vessels a comprehensive quality control is 
mandatory. Especially welding lines have to be inspected complying to highest international quality standards. A failure 
can lead to severe consequences and liability charges for manufacturers. Modern Digital Radiography helps to achieve 
the quality control and archiving requirements while providing cost reduction through a high degree of automation. The 
past approach was a highly manual and time consuming analogue approach using X-ray film. This article explains the 
basic concept of digital X-ray technology and discusses several integration concepts. To support the justification process, 
a comprehensive techno-commercial analysis based on inspection quality, throughput and return of invest is provided. To 
ensure relevance a broad variety of examples, case studies and inspection standards is referenced. 
 
Keywords: X-ray inspection, Digital Radiography, non-destructive testing, pipe inspection, weld inspection, NDT, DR, 
quality control 
 
1- Introduction 
During the welding process a broad variety of defects like porosities or cracks can occur. Therefore, it is necessary to 
inspect welding lines on pipes and tanks through extensive non-destructive testing (NDT). To achieve this Ultrasonic 
Testing (UT) and Radiography (RT) are the most common methods. Typically, UT is the upstream test as it can be 
performed very quickly. In most cases, even comprehensive ultrasonic scans are not sufficient to detect all defects and to 
comply to archiving standards. Depending on the production quality specification and standard there are a variety of 
common procedures: 
 

1.  X-ray inspection only at UT indications 
2.  Random inspection of a certain percentage of the welding line 
3.  Inspection of both ends of the welding line 
4.  Inspection of the complete welding line 

 
In times of increasing quality standards more and more manufacturers move to option 4. From a quality standpoint, this 
makes a lot of sense as it is the only way to ensure no critical defect remains undetected. It also guarantees a full archiving 
of results in case of potential liability claims. Over decades these tests have been done by analogue technique by exposing 
X-ray films. The change to digital technology opens new chances to increase the inspection efficiency and to reduce costs. 
In order to achieve a smooth and efficient transition from analogue to digital inspection quality managers and decision 
makers have to take a couple of important points into consideration. The system of units used in this work shall be metric! 
 
2- The old approach 
Looking at potential setups the basic setup of an X-ray inspection system was always the same: A long boom matching 
the length of the pipe, a boom holder and a stand for the tube or image intensifier. Looking at the component arrangement 
there are basically two options: 
 
 
 
 
 
 
 
 
 
 
 
 

      Figure 2.1: X-ray tube inside the pipe    Figure 2.2: X-ray tube outside of the pipe 
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The first option is to mount the X-ray tube at the end of the boom as seen in figure 2.1. The complete boom/tube unit is 
placed inside the pipe. The film can be placed directly on the outer surface of the pipe. This leads to a couple of 
disadvantages: 
  Long high voltages cables necessary   Very limited minimum inner diameter of pipes  Limited exposed weld area, because of the cone beam angle (40°)  High weight of the tube needs a more stable boom 
 
This setup is also used for real-time inspection (inspection in movement) of welds with image intensifiers leading to the 
same disadvantages. The second option to mount the X-ray tube is on an external tube stand as seen in figure 2.2. The 
film is placed on the boom, which is inside the pipe. The film placement is always accompanied with the placement of 
lead letters, lead yardstick and the required image quality indicators. This setup is the most common setup for pipe 
inspection. 
 
After positioning the pipe in a way that the desired area is inside the X-ray beam the operator has to leave the X-ray room, 
close the door, expose the film, open the door, take the film and bring it to the development station. After development, 
the film has to be interpreted on film viewer and an error classification can be performed. During the whole process the 
bunker and personnel is occupied until a final decision is done. This process is very time consuming and significant human 
errors can occur at any time. The X-ray film has to be archived and stored for up to 30 years and end-customers are 
demanding copies of the film as well. This results in the necessity of a film archive. 
 
3- Transition to Digital Radiography 
In the last 10 – 15 years digital flat panel detectors found their way from medical applications into the industrial X-ray 
environment. Especially in the last 3-4 years a wide range of new flat panels were developed and successfully used in 
several industries. A digital flat panel – or digital diode array (DDA) is working like a camera. But instead of using a lens 
and a very small sensor chip with small pixel sizes the flat panel has a large active area without any lens. A special 
scintillator is used to the transform X-ray photons to light. All discrete pixels are converted to a holistic image. This image 
will be acquired by special image processing software which is running on a PC. In reality the whole process is a lot more 
complicated but this sketch shall provide a rough overview. The exact choice of the X-ray components is depending on 
several parameters, which have to be determined by the manufacturer at an early project state: 
  Wall thickness: Minimum, maximum  Form factor: Inner and outer diameter  Frame rate: Real time or static  Applying inspection standards  Shielding of components 
 
4- International quality standards 
Most pipes manufactured worldwide have to meet the API 5L quality standard. In the past revisions of the API 5L [1] the 
only parameter describing the image quality was the contrast resolution. Therefore, inspectors only had to verify the 
number of the resolved wire type Image Quality Indicator (IQI) placed directly on the material. 
 
The 45th revision of API 5L on the other hand refers to the ISO 10893-7 [2] standard in case of Digital Radiography. 
This small change has dramatic consequences on the required image quality. ISO 10893-7 and ISO 17636-2 [3] are 
looking for contrast, spatial resolution and Signal to Noise Ratio (SNR) to determine the image quality. The ISO standards 
differentiate between test class A and B. The API 5L is typically referring to the class A, which is the lower test class. 
Anyways, most of the renowned pipe manufacturers are working with class B because their pipes have to comply to the 
pressure vessel standard. Table 4.1 summarizes all standards. 
 

Table 4.1: API5L and ISO 10893-7 in comparison 
Wall 
thickness 
[mm] 

API 5L 
Single Wire 

10893-7 
Class A 
Single Wire 

10893-7 
Class A 
Double Wire IQI 

10893-7 
Class B 
Single Wire 

10893-7 
Class B 
Double Wire IQI 

4 W14 W15 D10 W17 D13 
8 W14 W14 D9 W15 D11 
15 W11 W12 D8 W13 D10 
25 W10 W11 D8 W12 D10 

 
Now looking at a selection of digital flat panels, which are widely used in the pipe industry, we have the following pixel 
sizes and the resulting resolutions as seen in table 4.2. 
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Table 4.2: Sample resolution of flat panels 
Brand Pixel Size Double Wire IQI 
PerkinElmer XRD 0822 200 µm D7 
Varian Paxscan 2520DX 127 µm D9 
Dexela 1512 75 µm D12 
VisiConsult Filmdetector 48 µm D13 

 
The bottom-line of these tables is pretty simple: Thinner wall thicknesses are requiring a higher resolution and therefore 
also a smaller detector pixel size. In some cases, the compensation principle is a valid tool to allow inspection with less 
resolution. This means in case the demanded spatial resolution (Double Wire IQI) is not reached, it can be compensated 
through a single wire exceeding the requirement. The maximum to compensate are three stages and it must be agreed by 
the end user. Please note that this principle has some serious risk, when being abused. Therefore, many responsible level 
III inspectors do not allow compensation on their products. A compensation has to be justified and documented. 
 
Example: Standard requires: 8mm wall thickness: D11 and Wire W15 
 

1.  System Delivers: D9 and Wire W17  Standard fulfilled 
2.  System Delivers: D9 and Wire W16  Standard not fulfilled 

 
5- Form factor, frames per second and shielding 
The form factor of the detector is another important parameter for the use in pipe inspection. The active area of the detector 
compared to the overall size and the general outline of the detector is the key for the choice of the right detector for pipe 
inspection. The ideal detector will be very thin with a high length and minimum thickness. This means around 6 x 48 cm 
is the “dream detector”. Unfortunately, such a detector is not available on the market for technical reasons. Table 5.1 
provides a comprehensive overview about the technical parameters of selected DDA’s. 
 

Table 5.1: Sample dimensions and parameters of DDA’s 
Brand Active Area 

cm x cm 
Overall Area 
cm x cm 

Frames 
Second 

Shielding 

PerkinElmer XRD 0822 20 x 20 36 x 29,5 15/30 Up to 15 MEV 
Varian Paxscan 2520DX 25 x 20 26 x 22 10/30 225 KV 
Dexela 1512 15 x 12 22 x 15 25 160 KV 
VisiConsult Detector 17 x 5 30 x 9 4 225 KV 

 
Experience shows that for most cases (down to 6 mm single wall thickness) the Varian 2520DX is the best choice. The 
large active area and only a small surrounding guarantee the use of the detector also in pipes with small inner diameters. 
An acceptable high frame rate guarantees a positioning of the pipe in real-time mode. If always covered by pipe the panel 
can also easily be used for up to 450kV. 
 
6- New setup with digital flat panel 
Pipe systems with digital flat panels exist since more than 10 years on the world market. These systems are looking more 
or less similar. The boom is made out of steel and is carrying the flat panel and its manipulator. The weight of this unit is 
around 1000 kg. Carrying 1000 kg in a stable and accurate way needs a very stable and massive lifting device. The flat 
panel is more or less protected against dust and dirt. An example setup can be seen in figure 6.1. 
 

 
Figure 6.1: System with flat panel on a steel boom 
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VisiConsult X-ray System & Solutions GmbH has developed a completely new setup incorporating new high-tech 
materials. Instead of using a massive steel boom a carbon fibre tube is used as visualized in figure 6.2. The weight of this 
tube is less than 100 kg. The flat panel is not moving on top of the boom, but is encapsulated inside the boom as seen in 
figure 6.3. The panel is optimal protected against dirt, dust, water and collision. The reduced weight of the boom results 
in a non-massive boom lifting device. It also allows innovative cooling systems to operate on the inside. All this results 
in a lighter setup, longer detector lifetime and faster operation principle. 
 
 
 
 
 
 
 
 
 
 
 

    Figure 6.2: New system with carbon fibre boom       Figure 6.3: Cross section flat panel inside of the boom 
 
The next stage is to optimize the material flow and to move to an inline setup. Nowadays, nearly all manufacturing steps 
are already more or less designed as in a single line. Only the X-ray testing is designed as an off-line station. This is 
resulting in a significant loss of cycle time and waste of space. With the new carbon design, VisiConsult is able to build 
a conveying thru system. A special boom lift strategy allows gripping and holding the boom from both sides, so that the 
system can be fed from one side and the pipe is dispatched to the other side. This concept reduces the transport time by a 
significant amount. Figure 6.4. shows the general process. 
 

 
Figure 6.4 Workflow convey thru system 

 
7- Commercial view 
The change from film to digital technique is mainly driven by the aim to reduce the cycle time and labour costs, while 
eliminating the film consumables and chemicals. The sum of higher throughput, less labour costs and less consumables 
is a significant cost factor. Table 6.1 provides a sample calculation of 3 different setups. Assumption: 12m LSAW pipe 
with 15 mm wall thickness. The gate is open and the bunker is empty. Quality standards require a 100% test of the weld. 
300 working days per year. 50 € per hour labour costs and 5 € per 48 cm film incl. development. 
 

Table 6.1: Sample resolution of flat panels 
Step Film 6* 48 cm Digital Radiography: Off-line Digital Radiography: In-line 
Move pipe in 60 sec 60 sec 60 sec 
Close Gate 25 sec 25 sec 25 sec 
Placing the film 120 sec - - 
X-ray On 3 sec 3 sec 3 sec 
Total exposure time 900 sec (30 shots, 30 

sec) 
208 sec (52 shots, 4 sec) 208 sec (52 shots, 4 sec) 

Move to Position 90 sec (30 shots, 3 sec) 104 sec (52 shots, 2 sec) 104 sec (52 shots, 2 sec) 
X-ray Off 3 sec 3 sec 3 sec 
Open Gate 25 sec 25 sec 25 sec 
Move pipe Out 60 sec 60 sec 60 sec 
Move pipe to Wait 
position 

60 60 sec - 

Cycle time 22 min 9 min 8 min 
Throughput 2.5 pipes / hour 

20 pipes / shift 
6 pipes / hour 
48 pipes / shift 

7-8 pipes / hour 
60 pipes / shift 
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Step Film 6* 48 cm Digital Radiography: Off-line Digital Radiography: In-line 
Costs for 
consumables 
Costs for labour 

(1200/40) x 20 x 5 = 
3000€ 
2 x 8h x 50 € = 800 € 

0€ 
1 x 8h x 50 € = 400€ 

0 € 
1* 8h * 50 € = 400 € 

Costs per shift 3800€ 400€ 400€ 
Costs per year 
(single shift) 

1 140 000 € / year 120 000 € / year 120.000 € / year 

Raw costs per pipe 190 € 8.33 € 6.66 € 
Investment costs 0€ 1 500 000 € 2 000 000 € 
Return of 
Investment 

- 1.5 years 2 years (more throughput!) 

 
8- Conclusion  
The simplified example calculation shows clearly the benefit of moving from film to a digital solution. A brand-new 
pipe inspection system inclusive bunker and doors poses an investment of around 1.500.000 Euro. Compared to the 
costs for the film and the necessary manpower the user can estimate a Return of Invest (ROI) in less than 2 years of 
operation. Beside the cost savings, the manufacturer gets many other soft benefits: 
  Higher inspection quality  Faster feedback of identified defect inside the weld  Protection of the environment  Better reputation on the market because of better results  Access to “high-end demanding” customers, because of improved inspection quality  Increased process safety and inspection coverage  Easier archiving and delivery of inspection results  Scalable and automated setup  Reduction of required manpower  Easy certification of inspection process  Higher prices for sold products 
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