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 Ultrasonic Phased Arrays are an emerging technology in nondestructive testing and evaluation. Some 
important factors affecting on the performance of these probes include, positioning elements in probe, 
number of elements, and distance between two elements, elements length, and time delays to excite 
probe elements. The type of linear phased array probe is a prevailing type in which elements are placed 
side by side and longitudinally. In this paper, based on analyzing the existent laws in design and 
performance of the phased array probes related to the propagation of ultrasonic waves, an improved 
dimensional design for ultrasonic linear phased array probes, as well as improvement of the sequence of 
time delays to excite the probe elements are done. In order to evaluate the performance of the probe 
with improved design in comparison with a similar ordinary probe, an ultrasonic phased array test is 
simulated using FEM-based ABAQUS software. By numerical simulations, the performance of the 
probe with improved design versus the ordinary probe for propagating the guided waves in a thin square 
aluminum plate is compared. In the first part, the attenuation coef cient of the received signals of 
reflected wave is evaluated, and in the second part, the performance of the probes for radial scanning is 
compared. Results of both simulations confirm that the performance of the probe with improved design 
is much better than the similar ordinary one. Especially, the probe with improved design propagates the 
ultrasonic waves with the maximum head wave energy, and steers them with higher accuracy towards a 
determined direction. 
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Fig. 1 Dimensional parameters of a linear phased array probe  

1  

  
Fig. 2 Changes of a beam directivity function over a semicircle area 
where focused on the angle of 30° (source: Ref. [3]) 
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Fig. 3 Geometrical parameters in steering and focusing an array beam, 
a) for a positive steering angle, b) for a negative one (source: Ref. [12]) 
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Fig. 4 Dispersion curve of the 1 mm thickness aluminum plate 
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1 
  

Table 1 The optimized values for dimensional design of a linear phased 
array probe vs. an ordinary one 

 *   

3.12 mm 4.75 mm a 
1.95 mm 2.75 mm d 

* 020 ]  17[
MHz A0. 

2 –   
Table 2 Physical and mechanical characterizations of Aluminum 

)GPa( 
 

  
)kg/m3( )m/s( )m/s( 

72 0.33 2700 6320 3130 

3  8 )  
Table 3 Time delays with respect to the 8th element (µs) 

m=1 m=2 m=3 m=4 m=5 m=6 m=7   

10.2 9.1 7.9 6.5 5.1 3.5 1.8 )  

6.9 6.1 5.2 4.3 3.3 2.2 1.1 )  

  
  .5    

  .
      

 
  .  

 
 ] 19,18,12.[  

   
   . 

     .
 ( )  

 ( )   
   

 ] 20,19.[  
 

  .
 ] 16 .[

6  
  (7)   

(7) 

( ) =
sin( ) sin 5 <

2.5

0 >
2.5  

2.5 

= 1 MHz   .  
  

 
  .

   
  ] 16,15.[  

 .  
  

    
]24-21 .[ 14.6 

  
   

  . 
10 20   

] 25,24 .[  
 .

   .
  

  
  

  ]  27,26[   

  
  

  
Fig. 5 Location of the probe on the plate in UT set up 

5   

 
Fig. 6 Probe s exciting signal with the central frequency of 1MHz, 
without regarding the time delay 
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Fig. 7 Aquired signals by probes, a) ordinary, b) optimized 
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ordinary vs. optimized 
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Fig. 8 The beam directivity function of the simulated wave 
propagation, focused on the angle of 35°, a) ordinary probe, b) 
optimized probe 
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Fig. 9 Snapshots of wave propagation in the radial direction at -35° by, 
a) the ordinary probe, b) the optimized probe 
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