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An ultrasonic measurement method has been developed to determine the crystal growth angle of a unidirectional 
solidification material by using an ultrasonic array probe. The crystal growth direction of a unidirectional solidified 
nickel based superalloy are derived within an error of ±5 degrees by evaluating wave height levels of echoes measured 
with focal laws of each assumed crystal growth angle. Moreover, high precision ultrasonic testing is realized based on 
the focal laws considering the acoustic anisotropy. 
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Fig.1 Unidirectional solidification 

 

Fig.2 Columnar crystal organization 

2.2

Table 1 Material properties  

Material parameter Value 

Density 8310[kg/m3] 

Elastic 

constants 

C11 280[GPa] 

C12 117[GPa] 

C13 143[GPa] 

C33 257[GPa] 

C44 107[GPa] 
 

 

Fig.3 Group velocities diagram 

 
Fig.4 Apparatus setup 
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Fig.5 Procedure for evaluating crystal growth angle 

4.1

 

Fig.6 Apparatus setup for measuring crystal growth angle 

Table 2 Specifications of the linear array probe  

Frequency 2 MHz 

Elements 64 

Pitch 0.5 mm 
 

Table 3 Experimental conditions  

for measuring crystal growth direction  

Transmitter Max voltage 160 V 

Receiver Band-pass filter 1 – 5 MHz 

Focal law 

Refraction angle 50 degrees 

Focal depth 30 mm 

Assumed crystal growth angle From -90 to 90 degrees 

Increment 1 degree 
 

4.2

 
Fig.6 Measurement result of crystal growth angle 
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Fig.7 Apparatus setup for ultrasonic phased array 

technique verification 

Table 4 Experimental conditions  

for ultrasonic phased array testing  

Transmitter Max voltage 160 V 

Receiver 
Band-pass filter 1 – 5 MHz 

Total gain 72 dB 

Focal law 
Steering angle From 0 to 60 degrees 

Crystal growth angle 0, 2.5, 5, 10, 20, 30, 45 degrees 
 

5.2

 
Fig.8 Sectorial scan results: (a) sectorial scan with the 

correct inspection condition (b) sectorial scan with the 

mismatched inspection condition 

Fig.9 Dependence of echo intensity on crystal growth angle 
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