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Abstract. Given by the manufacturing process, natural longitudinal flaws might 
have flaw orientations in the area of ± 15° referring to the tube axis (0°).  
 International and company standards i.e. API5CT, Exxon EMQSP6.9 und 
EMQSP2.5 already require or recommend a testing for oblique flaws for multiple 
angles. 
 Current state of the art is the testing of these orientations by using GE´s 
immersion tank or cluster technologies. These test assemblies are able to detect 
oblique flaws with orientations up to ±22° gaplessly by applying the paint brush 
method. Additional test angles up ± 33° and ± 45° can be achieved by additional 
steering of the sound beam. 
 As the above mentioned test assemblies require a complex installation and 
adequate conveying systems the implementation of the phased array technology into 
rotational systems combines  the advantages of high test speeds, compact design and 
simple conveying systems with the advantages of the paint brush technology. 
 Today´s limited testing of only few and pre-selected oblique orientations in 
rotational equipment is so being replaced by gapless testing of longitudinal / oblique 
orientations of ± 15°, with suitable wall thicknesses even up to ± 20°. 
 The paper shows how by integrating gapless oblique flaw testing into compact 
standard equipment with high productivity the test task of gapless longitudinal/ 
oblique flaw testing can become an integral part of ultrasonic testing in the future. 
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1. Introduction 

 
Phased-Array Technology (PAT) for ultrasonic non-destructive testing (NDT) is a well-
established technology in the industrial sector. Rotary Testing Machines have been 
established as state-of-the art solutions for a variety of applications worldwide. The 
introduction of new standards and increased demands regarding the performance of these 
systems requires an appropriate upgrade in order to be competitive with these challenges.  
 
This article contains a description of the basic setup of the UT testing system and its 
benefits. Moreover, general features for UT testing with this configuration are outlined and 
some of the most promising application examples are given. 
 

2. Basic setup 

2.1 Rotary ultrasonic testing machines (ROT) 

Rotary ultrasonic testing machines (ROT) mainly consists of a stator and a rotor with the 
ultrasonic probes integrated in eight levels at each 45° (see Figure 1). Due to the rotation of 
the probes around the tube and the linear advance of the test object a full body testing can 
be performed. There are different sizes of ROT systems covering in total a range from 10 
mm up to 340 mm. These machines represent a reliable testing facility technique for a 
variety of different test procedures with high throughput. Besides the flaw detection of 
longitudinal, oblique and transversal flaws this contains wall thickness, lamination, inner 
wall deformations and eccentricity measurements as well as geometry measurements on the 
outer and inner diameter or the ovality. 

 

Figure 1: Main setup (left) and functional principle (right) of rotary ultrasonic testing machines 

 

2.2 New electronics platform USIP|xx 

The new electronics platform USIP|xx implemented in the new generation of ROT systems 
is a scalable, slot-card based architecture (see Figure 2) with an Ethernet connection [1] to 
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the control PC. The ATCA rack standard [2]  allows 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 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 2: Main hardware components of new electronics platform USIP|xx 

 

3. General features for testing 

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 transmitter and the receiver side. The USIP|xx 
electronics platform enables the adjustment of start position and virtual probe size 
according to the application.  
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Figure 3: Illustration of Phased-Array technology features: Sound emission with steering angle (b), detection of incident 

oblique waves (b) and electronic focusing (c) 

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 angle by means of receiver delays. Figure 3 illustrates the features mentioned 
above. 

3.2 Multiple evaluations in one test cycle 

With the USIP|xx electronics platform a multiple evaluation can be performed after one 
single acquisition in up to 8 parallel processing channels per PA64 module. 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. 

 
3.2.1  Acquisition-Subcycling 

After acquisition the individual receiver signals are digitized and evaluated according to the 
given configuration (“Acquisition cycle”). Moreover, all data within the measurement 
window are stored. In subsequent steps (“Subcycles”) partial sections of this data can be 
selected and re-used for additional evaluations with other boundary conditions without a 
new acquisition (Replay method).  
 
3.2.2 Paint Brush 

A very attractive application of the acquisition- subcycling method is the Paint Brush 
method which implements an evaluation of different flaw orientations with one acquisition 
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(see Figure 4). With an appropriate setting of the receiver delays and an enlarged number of 
evaluation steps it is thus possible to obtain a gapless detection for oblique flaws within a 
range of around 22°.  

 

 
Figure 4: Illustration of the Paint Brush method 

 

4. Gapless detection of oblique flaws with ROT systems 

The equipment of ROT systems with Phased-Array probes in combination with Paint Brush 
provides a powerful tool to implement a gapless detection of oblique flaws over a wide 
range in parallel to sole longitudinal and transverse flaw detection. Besides, the ROT 
system still can be equipped with additional probes for e.g. fixed-angle oblique flaw 
detection or wall thickness and lamination measurements. An example of such equipment is 
shown in Figure 5  
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Figure 5: Exemplarily configuration of a ROT system for longitudinal flaw detection (LF), longitudinal and oblique flaw 

detection with Paint-Brush (LO), transverse flaw detection (TF) and wall thickness evaluation (WT). 

 
The testing capabilities are demonstrated in Figure 6. In this case a reference tube with 
different internal and external flaw orientations was inspected by a ROT system equipped 
with Phased-Array LO probes applying the Paint Brush algorithm and, to show the 
difference, only with conventional LF probes. In contrast to conventional techniques all 
flaw orientations in a range up to ±22° are indicated by the PA probes using the Paint-
Brush evaluation.  

 
Figure 6: Results for a reference tube obtained with a ROT system equipped with PA probes applying Paint-Brush for 

oblique flaw detection (lower tracks highlighted in green) and conventional LF probes (upper tracks highlighted in red).   

5. Conclusion 

The implementation of the innovative high-end electronics platform USIP|xx in 
combination with Phased-Array technology offers so far unique possibilities to increase the 
testing capabilities of the ROT systems. Besides the sole improvement of performance 
parameters such as throughput speed, reproducibility (pulse density) and sensitivity (virtual 
probe size and overlap) it also renders the introduction of new testing features for either 
system possible. 
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One of the many highlights of these new systems is the gapless oblique flaw detection in a 
range of 22° which can be performed by ROT-PAT systems without any performance loss 
in terms of the throughput speed.  
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