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 Time-of-Flight Diffraction (TOFD) technique is a well-known inspection method used in ultrasonic 
nondestructive evaluation. This inspection technique is based on the time of arrival of the diffracted 
echoes from the tips of planar discontinuity. This is in contrast with the conventional ultrasonics which 
rely on the amplitude of specular reflections received from discontinuities. Like any other technique, 
ToFD has its limitations. In this paper, the finite element method is employed to evaluate the planar 
defects using ultrasonic time-of-flight diffraction method. The commercially available software 
ABAQUS/Explicit is used to simulate the ultrasonic wave behavior in the wedge transducers, specimen 
and wave interaction with the embedded planar defect. The CPE4R plane strain element is employed for 
discretization of the steel specimen and wedge transducers. The CINPE4 infinite element is also used on 
the wedge side walls for reducing unwanted echoes and noise reduction inside the ultrasonic wedge. 
The wave attenuation of the Plexi-glass wedge is simulated as the mass and stiffness proportional 
damping model. Evaluation and sizing of various defects show that, the accuracy of the proposed 
method is within acceptable range compared to the conventional ToFD method. 
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Fig. 1 Schematic of the conventional ToFD technique [17]  
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Fig. 2 Schematic configuration of the proposed method. 
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Fig. 3 Schematic of the FE modeling of the inspection system  
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Fig. 4 Convergence diagram of the SNR parameter 
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Fig. 5 (a) Wave propagation in the wedge using free boundary 
conditions, (b) The received signal 
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Fig. 7 The effect of mass proportional damping on the received signal; 
(a) = 1 × 105, (b) = 1 × 10 , (c)  = 1 × 107 
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Fig. 8 The effect of stiffness damping on the received signal; (a)  

= 0, (b)  = 1 × 10 9 , (c)  = 1 × 10 8 
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Fig. 9 (a) Longitudinal wave excitation inside the wedge, (b) Refraction 
and reflection of the incident wave inside the specimen and wedge 
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Fig. 10 Wave diffraction from the defect left tip at 11.4 s. 
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Fig. 11 Wave diffraction from the defect right tip at 13.8 s 
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Fig. 12 (a) The crack tip diffracted echo received by the transducer A, 
(b) The crack tip diffracted echo received by the transducer B  
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Table 2 Crack length measurement in 20 mm depth 

(%) 
 

(mm) 
t2 

(µsec) 
t1 

(µsec) 
 

(mm) 
12.91 17.42 20.54 17.91 20 
11.46 19.48 20.34 17.35 22 
10.62 21.45 20.22 16.89 24 
8.77 23.71 20.20 16.52 26 
6.64 26.27 20.18 16.14 28 

10.98 26.71 20.16 16.01 30 
15.31 27.10 20.15 15.93 32 

  
3 25 mm  

Table 3 Crack length measurement in 25 mm depth 
 

(%) 
 

(mm) 
t2 

(µsec) 
t1 

(µsec) 
 

(mm)  
13.70 17.24 21.09 18.25 20 
14.17 18.74 21.09 18.00 22 
12.71 20.95 21.07 17.61 24 
10.90 23.16 21.06 17.22 26 
8.90 25.51 21.04 16.83 28 
5.16 28.45 21.04 16.33 30 
8.20 29.37 21.04 16.18 32 
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Fig. 13 Variation of relative errors versus defect size in the depth of 20 
mm and 25 mm.  
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