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Abstract 
In the recent years ultrasonic scanner style systems for hot rolled seamless tubes and pipes are being asked for 
more frequently, the advantages being the high reproducibility concerning flaw detection and the high range of 
testable diameters and wall thicknesses. 
GE´s newly developed scanner style test system using the new phased array test electronics platform USIP|xx 
with Paint Brush and high parallel processing technology an optimized testing for the standard flaw tests like 
longitudinal, transversal and lamination and wall thickness measurement can be done. Additionally, oblique flaw 
testing is carried out gapless in the area from 0° to ±45° with the Paint Brush method, as well as the extended 
oblique flaw testing for multiple pre-specified orientations up to ±67°, combined with highest test performance 
and optimized untested tube ends. 
International standards i.e. API5CT, Exxon-EMQSP6.9 and EMQSP2.5 already recommend or require a testing 
for oblique flaws for multiple angles. 
 
Keywords: Tube inspection, ultrasonic testing machine, Gantry-System, Scanner, Phased-Array, Paint-Brush 
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1. Introduction 

GE’s ultrasonic testing gantries (GRP) are based on immersion technique offering a high 
degree of flexibility for different tube diameters combined with a large complexity of 
different testing capabilities. The multi-purpose design features custom-made configurations 
for a huge variety of applications. Therefore, GRP systems have been established as one of 
the leading-edge technologies for tube inspection [1],[2]. However, international and 
company standards challenge further improvements both in terms of testing performance and 
extension of testing capabilities. Therefore, the new electronics platform USIP|xx has been 
implemented. This article contains a basic description of the setup including an outline of the 
USIP|xx features. The last part contains most significant highlights of the new testing 
capabilities of the USIP|xx gantry system. 

2. Ultrasonic testing gantry: New GRP systems 

2.1 Basic setup 

The GRP systems of GE’s portfolio represent a multi-purpose ultrasonic testing gantry for  
seamless tubes with large diameters. Basic principle is a linear movement of the test 
mechanics along a stationary rotating tube. The UT probes and the associated frontend 
electronics are integrated on a motor-driven carriage that is fixed on top to a linear guide rail.  
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Figure 1: Typical setup of a GRP ultrasonic testing gantry. Possible tube insertion is indicated by the blue arrows. 

The overall design allows the insertion of test tubes either linearly or from the side. 
Depending on the test speed required one or two test carriages can be used. A roller bed 
including roller blocks and a pipe stopper is used for the tube handling during inspection. A 
typical setup of a GRP gantry system is shown in Figure 1. Typical specifications of GRP 
systems are listed in Table 1. 

 
Table 1: General specifications of typical GRP systems 

2.2 Carriage 

The test carriage is fixed to a linear guide rail. Two motors enable the translation along the 
linear axis and a height adjustment needed to adjust the mechanics to the tube dimension, 
respectively. The associated frontend electronics for the ultrasonic equipment is installed on a 
platform and thus moves with the testing mechanics during inspection. A photograph of a 
carriage is shown in Figure 2.  

2.3 Testing mechanics  

The testing mechanics (see Figure 3) consists of up to seven probe holders. Each of them can 
be equipped with one Phased-Array and one single-element probe. A sophisticated mechanics 
provides optimized coupling of the probes to the tube. The single probes are used for a 
coupling check during inspection. 



 
Figure 2: Main components of test carriage implemented in a GRP system  

 

 

Figure 3: Zoomed drawing of testing mechanics indicating a typical equipment with seven Phased-array probes for 
longitudinal (LO), oblique (OF) and transverse (TF) flaw detection  (opposing sound direction I, II and A,B) as well as for  
wall thickness measurements (WT)  

2.4 New electronics platform USIP|xx 

The new electronics platform USIP|xx [3] implemented in the new generation of gantry 
systems is a scalable, slot-card based architecture (see Figure 4) with an Ethernet connection 
[4] to the control PC. The ATCA rack standard [5] render possible extremely high internal 
data rates of up to 5 Gb/s. Control and data processing for the ultrasonic probes connected are 
performed by PA64 modules.  Each PA64 module can operate up to 64 transducers (Rx/Tx) in 
parallel. It offers a fully digital amplifier design with a resolution of 20 bit per channel and a 
high dynamics of up to 24 bit. For each evaluation channel five independent gates are 
available. The box controller board (BCON) provides three Interbus connections for easy PLC 
integration, an I/O interface for interface for e.g. light barrier, mechanical strobe (encoders), 
alarms or other control signals. Besides board-to-board synchronization it can also be used for 
the system clock generation (PRF).  



 
Figure 4: Main hardware components of new electronics platform USIP|xx 

3. Technological features  

3.1 Phased-Array technology  

Phased-Array probes consist of an array of ultrasonic transducer elements that can be 
combined to virtual probes both on the pulser and the receiver side. The USIP|xx electronics 
platform enables the adjustment of start position and virtual probe size according to the 
application. By means of different pulser delays for the array elements it possible to create an 
ultrasonic sound beam with an oblique emission angle (steering angle) or to modify the field 
of the sound beam (electronic focusing). In a similar way it is possible to detect sound waves 
with an oblique incident angle by means of receiver delays. Figure 5 illustrates the features 
mentioned above. 

 
Figure 5: Illustration of Phased-Array technology features: Sound emission with steering angle (b), detection of incident 

oblique waves (b) and electronic focusing (c) 



 
Figure 6: Cycle scheme for a Phased-Array probe (exemplarily). With one acquisition it is possible to extract wall thickness 

values (WT) and to perform lamination tests (LAM) with two different resolutions. 

3.2 Multiple evaluations (Acquisition-Subcycle scheme) 

The USIP|xx electronics platform enables a multiple evaluation after one single acquisition. 
These can be performed with up to 8 evaluation channels per PA64 module in parallel. In this 
way the total count of virtual probes can be increased significantly. As a consequence, an 
enlarged number of different testing features can be covered with higher effective pulse 
repetition frequency and optimized virtual probe overlap. 
The cycling starts with the acquisition cycle. After the emission of the ultrasonic pulse the 
individual receiver signals are digitized and evaluated according to the given configuration. 
Moreover, all data within the measurement window is stored. In subsequent steps 
(“Subcycles”) a partial section of this data can be selected and re-used for additional 
evaluations with other boundary conditions without a new acquisition (Replay method). An 
illustration of such acquisition-subcycling scheme is shown exemplarily in Figure 6.  
Another very attractive application for a multiple evaluation is the Paint-Brush method which 
allows the analysis of different flaw orientations with one single acquisition (see Figure 7). 
With an appropriate setting of the receiver delays and a sufficient number of evaluation steps 
the detection of oblique flaws in a whole angular range becomes possible (gapless flaw 
detection). 

3.3 GRP systems with USIP|xx 

The implementation of the USIP|xx platform provides so far unique testing capabilities 
combining the advantages of the Phased-Array technology with enhanced evaluation methods. 
It features more than 950 UT channels per carriage with more than 6500 UT functions thus 
providing a high flexibility to adapt to various applications with large test throughput. Main 
performance parameters are summarized in in Table 2. 

 



 
Figure 7: Illustration of the Paint-Brush method 

 
 
 

  

Table 2: Main performance parameters for the new USIP|xx GRP gantry system in GE’s portfolio 

 



4. Performance of USIP|xx GRP systems  

4.1 Optimized virtual probe overlap 

 
Figure 8: Reference flaw scan (step size 1mm). Comparison of results obtained with a conventional system and a GRP 

system with implemented USIP|xx and the Paint-Brush technology.   

The large number of virtual probes render possible to optimize the virtual probe overlap. With 
an appropriate cycling scheme the fluctuations in terms of probe sensitivity can be thus 
minimized. In contrast to conventional techniques very homogenous flaw detectability over 
the entire array width can be achieved. A comparison of measurement results for both 
techniques is compiled in Figure 8 indicating very low fluctuation of the amplitudes in the 
order of only 0.5 dB for the USIP|xx system.     

4.2 Detection of lamination defects (FBH  6.3 and  3.2 mm) 

 
Figure 9: Scan over two flat-bottom holes (FBH) of 6.3 mm and 3.2 mm diameter with a step size of 1mm.   

The new USIP|xx gantry systems provide also an improved detectability of lamination 
defects. For the standard 6.3 mm FBH taken as reference flaw a large signal-to-noise ratio 
(S/N) of around 18 is obtained (see Figure 9). The small amplitude fluctuations of just 1 dB in 
the reference flaw range induce a very good reproducibility. Moreover, also the detection 
capability for smaller 3.2 FBH is indicated. Further optimization to increase the S/N is 
underway. 
 

 



4.3 Gapless flaw detection 

 
Figure 10: Setup (top) and reference tube (bottom) for gapless flaw detection with a USIP|xx gantry system usin the Paint-

Brush technology. The different flaw orientations can be detected by the LO, OF and TF Phased-Array probes. 

A very significant improvement with the new USIP|xx technology can be achieved for the 
testing capability of oblique flaws. In contrast to conventional techniques various flaw 
orientations can be detected with one single acquisition due to the Paint-Brush technology. 
Figure 11 shows the A-Scan result for the internal and external flaw of the reference tube with 
an angle of 10° obtained during measurements with a reference tube (see Figure 10). In 
parallel to the normal LF track with nearly no indication of the flaw it is possible to detect the 
flaws in subsequent evaluations of the respective LO channel. In this way it is possible to 
cover a wide angular range of flaw orientations with the LO and the OF Phased-Array probes, 
respectively. As a consequence, gapless flaw detection within a range of at least 45° can be 
achieved. Further optimization is going to be completed in order to extend this range up to 
±67°. An example of measurement results indicating the gapless flaw detection with a 
reference tube is shown in Figure 12. 
 

 
Figure 11: Detection of oblique with 10° oblique flaws in the LO channel using the Paint-Brush technology (left) in 

comparison with the normal LF evaluation channel.  



 

Figure 12: Demonstration of gapless flaw detection with USIP|xx gantry systems using both Phased-Array and  Paint-Brush 
technology.  

4. Conclusion and outlook 

A new high-end electronics platform USIP|xx has been developed and implemented in the 
next generation of Phased-Array gantry systems. Besides the common advantages of these 
systems such as the flexible layout allowing an easy adaptation to local site, tube dimensions 
und testing requirements, online analysis and data interface to the customer, GE’s USIP|xx 
GRP systems provide excellent testing performance coevally with large throughput speed. 
Huge improvements have been obtained for the reproducibility due to the optimized virtual 
probe overlap, the detection sensitivity of lamination defects promising an extension to 3.2 
mm FBH and an significant increase in complicity featuring a multi-purpose design of the 
machine. One of the highlights is the gapless flaw detection in a range of at least 45° that 
can be further improved by ongoing optimization.  
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