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Abstract. The testing of in service header nipples in power stations is in many cases 
nearly impossible due to the spacing of the nipples and piping. RWE Power AG 
order SGS and EC Works to have developed a system of testing the welds of the 
header nipples using a combination of eddy current testing and phased array 
ultrasonic testing. Due to the geometry of the welds and the proximity of the nipples 
a full coverage of the welds is not possible with phased array and for eddy current 
the skin effect limits this method to the surface of the weld. But through the use of 
both technologies all critical areas of the weld can be covered. The close spacing of 
the nipples also makes it impossible for a human to reach in and move the probes 
over the weld so that the construction of a specialized robot was needed to bring the 
probes into position and move them around the weld. We would like to present the 
validation work done together with our client and the results from the power plant 
testing.  

Introduction  

The safety and reliability of power generation plants is of great importance, 
therefore it is no wonder that NDT plays an important role in their operation. In the 
economic impact of shut downs and more importantly unplanned shutdowns makes the 
information provided by NDT invaluable. Despite the importance of NDT not all elements 
of a power plant can be tested under the optimal conditions. Testing of header nipples is 
normally performed row for row during their installation. Once the header is installed in 
service testing is nearly impossible. To master this complicated task SGS and EC Works 
worked together to provide RWE with a solution to their problem.  
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1. Construction  

1.1 Testing done during the construction phase  

During the construction phase the header is tested with all the prefabricated nipples 
at the manufacturer directly after manufacturing. The test of the nipple to piping (Fig. 1) is 
done row for row, otherwise a repair weld would not be possible. 

 

 
Fig. 1. Phased Array Testing of Nipple to Piping Weld during Construction. 

2. In Service Testing 

2.1 In Service Testing to Date 

Once the header has gone into service testing of the critical welds (Fig. 2) of the 
inner nipples is very limited. There is no room for an inspector to perform the volumetric 
testing methods RT and UT. Only surface methods such as PT or MT (Fig. 3) can be 
performed and these methods only in a very limited manner. 
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Fig. 2. Nipple Field. 
 
 

 
Fig. 3. MT Testing of Nipple to Header. 

 

 
Fig. 4. Critical welds. 

2.2 In Service Testing for the future 

RWE started a project in 2010 looking for a better method of testing these welds. 
The object of the project was to find a method of testing the nipples and headers to find 
volumetric and surface defects in the critical welds, heat affected zone and base material as 
seen in Fig. 2. Further the method should require the least possible amount of removal / 
cutting of piping possible.  

The NDT companies SGS Germany and EC Works joined forces in the search for a 
solution for RWE’s problem. SGS has been testing small bore boiler welds with phased 
array very successfully since 2010 and EC Works is unrivalled in the area of eddy current 
testing. Plus the capability of EC Works to build specialized testing robotics to clients 
needs and the solution was already in sight.  

Weld 1 

Weld 2 
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3. Testing Setup 

 

3.1 Robotic Carrier 

The robotic carrier system developed by EC Works is capable of carrying either a 
phased array probe or an eddy current probe. Both probes can be monitored by a camera to 
check for surface irregularities and to maintain proper positioning and practice visual 
testing (VT). The robotic system is able to travel around a 90° bend so that it can be placed 
on the piping at quite a distance from the header, if needed, and then driven to the testing 
position (Fig.5). Both the pipe axis and the circumferential direction are equipped with 
encoders so that defect lengths and positions can be measured and re-tested with fully 
reproducible results. 

 
Fig. 5. Robotic system 

 
 

3.2 Phased Array 

Weld 1 in Fig. 4 can be tested completely by ultrasonics and the entire weld volume 
as well as the heat affected zone covered from one side of the weld. The fact that the weld 
cap and root are ground flush (Fig. 3) make the testing from one side of the weld possible 
(Fig. 6).  
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Fig. 6. Phased Array Coverage of Weld 1. 

 
For weld 2 in Fig. 4 the geometry makes a full coverage of the weld and especially 

the heat affected zone and base material on the header uncertain or impossible. Therefore 
the decision was made to use eddy current testing to cover the areas not reachable by 
ultrasonics (Fig. 7).  

 

 
Fig. 7. Phased Array Coverage of Weld 2. 

3.3 Eddy Current Setup 

The eddy current probe needs to be able to follow the constantly changing contour 
of the header to nipple weld. This is done by spring loaded probe. Using a guide for the 
probe with a relatively long travelling distance the probe can easily follow the contour 
created by the small outer diameter of the header. 
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Fig. 8. ET Probe and Video Camera with LED on Weld 2. 

 

3.4 Remote Visual Testing Setup 

Due to the varying geometry of each weld and the changes at each position around 
the nipple to header fillet weld. It was clear that the testing of weld 2 with the eddy current 
probe needed to be monitored visually to ensure a proper positioning of the probe (Fig. 8). 
So a video camera was added to the manipulator. This had the added advantage that ET 
results could be cross check visual on the spot.  

4. Mechanical considerations 

4.1 Weld defects 

The critical areas of the weld are especially cracking in the heat affected zones 
resulting from operation and planar defects on the weld bevels resulting from 
manufacturing. One of the big advantages of the phased array method is that the indications 
in the welds are recorded and can be compared with previous tests in a periodic testing 
cycle. The welds may contain certain defects from the manufacturer which were acceptable 
in accordance with the production codes. For the power plant it is important to know which 
indications are from the manufacturing process and are remaining stable and unchanged 
through the plant operations and those defects which are induced through the plant 
processes or defects from the manufacturing process which are growing in size.  

5. Conclusion 

5.1 Future changes and improvements 

As with any prototype project, once you’ve built it then you know how you should 
have gone about it. Many changes have already been implemented and the robotics are 
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working as needed. None the less, the next generation, which is in production, shall have a 
greater variability of pipe diameters which can be tested with one ring size. On the 
ultrasonics side work is being done with longitudinal waves to improve the quality of the 
UT results on the austenitic materials.  

5.2 Test results to date 

To date only preliminary tests have been done but the results are very promising. So 
far the results have surpassed the expectations. The speed of testing is very good, the 
accessibility with the robot very high and with the combination of phased array, eddy 
current and remote visual testing the information about the state of the header leaves 
nothing to be desired. 

 

6. References  

[1] Photos fig. 1, 3 SGS 2013 
[2] Photos fig. 5, 8 SGS 2016, RWE 2016 
[3] Fig. 6, 7 ESBEAMTOOL, SGS 2016 

 
 


