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Abstract. Electromagnetic acoustic transducer (EMAT) that excites horizontal shear waves is 

applied to inspection of wall thinning at T-joints with reinforcing plates. Accuracy of sizing 

and detection are evaluated systematically, taking the consideration of disturbance by weld 

between reinforcing plates and main pipes. 

1 Introduction 

    Pipe wall thinning is one of the most serious defects in various industries, especially large-

scale plants [1]. In nuclear power plants, the access of probes for inspections is limited to 

outside of pipes, which gives a large constraint for inspections. In Japan there is a special 

concern on the inspection of local wall thinning at locations under a reinforcing plate that 

covers outside of the pipe, where a branch pipe is connected to the main one. Because there is 

a gap between the reinforcing plate and the pipe, it is difficult to inspect inside of the pipe 

under the reinforcing plate by ultrasonic thickness gauges which are currently applied for the 

inspection of pipe wall thinning. Pulsed eddy current testing technology was developed in 

recent years to detect wall thinning [2]. Because of its rich frequency components and 

applicability of large electric current, the pulsed eddy current method may show promising 

capability in detection and evaluation the defect in the non-ferromagnetic pipes. The 

feasibility of magnetic flux leakage method for estimation of wall thinning on pipes under 

reinforcing plates in nuclear power plants was also discussed [3]. In addition, a recently 

developed non-destructive method, called magnetic adaptive testing, which is based on 

systematic measurement and evaluation of minor magnetic hysteresis loops was applied for 

this matter, and feasibility of detection of wall thinning was shown [4]. However, these 

methods are sensitive to the geometry of T-joints and more robust methods are now required. 

   Horizontal shear wave (SH) modes that exist in flat layers have some advantages; they are 

free of mode conversion, and its fundamental mode SH0 shows no dispersion. Therefore, 

observing the attenuation of SH0 waves that propagate in the main pipe under the reinforcing 

plate, the detection and depth sizing of wall thinning can be made precisely and easily. In this 

study, electromagnetic acoustic transducer (EMAT) which can excite SH waves with various 

wavelength values is applied to evaluation of wall thinning of the T-joint pipes under the 

reinforcing plates. Accuracy of detection and depth sizing are evaluated systematically, taking 

the consideration of disturbance by weld between reinforcing plates and main pipes.  

2 Experimental  

  Figure 1 shows a schematic drawing of EMAT for transmission and reception of SH wave. 

EMAT transducer consists of permanent magnets and a meander coil. The interval of 

meander coil determines the wavelength of SH wave. In the experiment, test frequencies and 

wavelength were selected so that only the fundamental mode of SH0 is excited, taking the 

consideration of cut-off frequencies of higher modes.  
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   Figure 2 shows one example of specimens that simulate T-joints with reinforcing plates. 

The main pipe with length of 650 mm was cut from 500A carbon steel pipe JIS-STPY400, 

and reinforcing plate forged from a carbon steel disk JIS-SS400 were welded to the main pipe. 

At the centre of the reinforcing plate there is a hole for the branch pipe with the diameter of 

216 mm, penetrating the main pipe. There are drilled holes simulating the wall thinning under 

the reinforcing plate, and its diameter and depth values are systematically varied. 

3 Results and Discussions 

  The transmitter and receiver EMATs are placed on the pipe with the interval of 500 mm as 

shown in Fig. 2, so that SH0 wave propagated in the circumferential direction of pipe.  Figure 

3 (1) shows the waveform of transmitted packets propagating under the reinforcing plate 

when there is no defect. The first echo after the transmitter pulse is one directly propagating 

the shorter path of 500 mm between the transmitter and receiver.  The second one 

corresponds the packet travelling in the opposite direction to the first one. Figure 3 (2) shows 

the packet transmitting a drilled hole with diameter of 20 mm and depth of 5 mm. Due to the 

presence of hole, the amplitude of the first echo are decreased in comparison with Fig. 3 (1). 

Discussing the attenuation quantitatively, wall thinning can be evaluated. The details are 

reported in the conference.  

                        

 

  Figure 1:  Structure of EMAT and propagation of SH wave.       Figure 2:   Specimen simulating a T-joint with  
                                                                                                                             reinforcing plate. 

                               
             (1) Packet transmitting the portion without defect                (2) Packet transmitting a drilled hole 

Figure 3:  Waveforms of transmitted packets propagating under the reinforcing plate 
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