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Abstract (approx. 100 to 150 words) 

The vibration of an ultrasonic transducer generates ultrasonic wave for ultrasonic test. To get proper ultrasonic 

wave for the ultrasonic test the ultrasonic transducer vibrates properly. If it is possible to watch the vibration at 

the surface of an ultrasonic transducer, it is possible to check the propriety. But there is no way to see or to show 

the vibration of an ultrasonic transducer directly until now. We use a laser vibrometer to get a vibration signal at 

a point of an ultrasonic transducer surface and scan over the surface to get full vibration information. The full 

vibration information composes [x, y, t] 3 dimensional data array and it is possible to show the surface shape of 

the ultrasonic transducer at each time t from the data. By increasing or decreasing the time t of the data 

continuously an animation of the vibration can be showed. We can see the vibration pattern and can check the 
condition of the ultrasonic transducer by viewing the animation. Also defects of the ultrasonic transducer can be 

detected from the animation. 
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1.  Introduction 
 
In common case ultrasonic test uses the ultrasound generated by an ultrasonic transducer as 

beam source. The ultrasound results from the surface vibration of the ultrasonic transducer 

and this means that it is possible to know the property of the ultrasound from the surface 

vibration. As the result of ultrasonic test is the response of the test object to the beam source it 
is important to know the ultrasound property. Especially for the simulation or the analysis of 

ultrasound field a beam source has to be defined. In some cases the beam source by an 

ultrasonic transducer is defined as a simple piston movement for the sake of simplicity [1][2]. 

But efforts to get more exact definition of it have been tried for the more exact solution. Finite 
element modeling for ultrasonic transducer is a kind of the efforts [3][4].  

 

Finally the exact definition of beam source is equal to the ultrasound field induced by the 

surface vibration of ultrasonic transducer. So for the exact definition of beam source the 
surface vibration has to be measured. Basically it is similar to the measurement of vibration 

using Scanning Laser Doppler Vibrometer (SLDV) in the field of vibration analysis [5][6]. 

But the current limitation of the technology prevents direct use of SLDV for the measurement 

of the surface vibration of ultrasonic transducer. Alternatively, a single point laser vibrometer 
combined with mechanical scanner can be used. The post processes after data acquisition are 

similar to the processes in the field of vibration analysis. 

 

2.  Preparation for the experiment 
 

To get the full motion data over the surface of an ultrasonic transducer all vibration signals at 
each points of the surface have to be captured. In the field of vibration analysis the SLDV is 

widely used. But in this experiment SLDV can not be used because it is difficult to find a 

SLDV suitable to this experiment. A single point laser vibrometer is used to get a vibration 

signal at a point on the surface of an ultrasonic transducer and a mechanical scanner is used to 
scan over the surface. Figure 1 is the configuration of this experiment. To excite an ultrasonic 
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transducer impulse type or tone burst signal is used. An ultrasonic flaw detector is used for 
the impulse type excitation and a function generator is used for the tone burst excitation. By 

scanning over the surface of the ultrasonic transducer full motion data of the surface can be 

obtained and the data compose[x, y, t] 3 dimensional array. 

 

 
 

Figure 1. System configuration for measuring of the vibration of ultrasonic transducer 
 

The laser vibrometer is a set of OFV-5000 controller, OFV-505 single point sensor head, VD-

02 velocity decoder and DD-300 ultrasonic displacement decoder which are manufactured by 

Polytec. It is a laser Doppler vibrometer and operates on the Doppler principle, measuring 
back-scattered laser light from a vibrating structure, to determine its vibrational velocity and 

displacement. OFV-505 sensor head has auto focusing function and obtains Doppler signal 

with good optical sensitivity. The velocity decoder and the displacement decoder use the 

vibration information in the Doppler signal obtained by the sensor head for their measurement 
tasks. To get a vibration signal the output of the displacement decoder is captured. 

 

The laser vibrometer shows good performance in common applications. But in this case the 
surface colour of the ultrasonic transducer is black and the displacement to be measured is 

very small. This experimental condition results in very bed signal to noise ratio. To overcome 

the bed condition the alignment of the laser sensor needs very carefulness and the average 

function of the oscilloscope should be used. By such efforts significant vibration signals can 
be captured. But some long time is needed for signal processing and sometimes unexpected 

measurement condition makes meaningless signal, maybe, because of the irregularity of the 

ultrasonic transducer surface or the external vibration of the experiment stage. As a result, a 

scanning over the surface of an ultrasonic transducer needs very long time and it is not 
possible to get a full data without defects. Anyway significant full motion data of ultrasonic 

transducers can be captured. 

 

Several manipulations with the obtained full motion data can be performed to examine the 
properties of the ultrasonic transducer. By getting a 2 D array at a time it is possible to show 

the surface configuration at that time. To visualize the configuration the 2 D array can be 

displayed by mapping it with gray scale or pseudo color. Line graph of it shows the profile of 

the surface at the time. By increasing or decreasing the time t continuously the full motion 
data can be displayed as an animation. The animation shows the property of the ultrasonic 

transducer dynamically and sometimes offers opportunity to find extra features which can not 

be found easily by static display of the data. 

 



3.  Vibration by impulse type excitation 
 

In the field of the ultrasonic test UT flaw detector is used widely and the instrument generates 

impulse type signal to excite ultrasonic transducer. So firstly the vibrations of the ultrasonic 
transducer surfaces by the impulse type excitations were measured. USN 52 of Krautkramer 

was used for this purpose. Figure 2 (a) is the pulse output of the USN 52 connected with a 500 

kHz ultrasonic transducer and (b) is a typical vibration signal at a point on the surface of the 

transducer. Time base scales were 50 ns/div and 10 us/div each. Vertical scale of the pulse 
output was 50 V/div and vertical scale of the vibration signal was 100 mV/div. The number of 

average for the vibration signal was 20. Just after the excitation the ultrasonic transducer 

vibrates with the frequency of about 500 kHz as expected. But the vibration signal shows that 

the transducer vibrates with other slow frequency after those vibrations. 
 

  

Figure 2. Geometrical configuration for tangential control 

 
Figure 4 shows vibration patterns of 300 kHz and 500 kHz ultrasonic transducers excited by 

impulse type signal of USN 52. These images are composed by mapping the maximum values 

of the vibration signals at each point over the surface. The overall brightness of the 300 kHz 

transducer image is brighter than the 500 kHz transducer. The reason is that the vibration 
signals of 300 kHz transducer were noisy without known cause. If the vibration of an 

ultrasonic transducer is simple piston motion, the images should show simple gradient. But 

these images show patterns of repeated rings. Amplitude is greatest at center in both. The 

spaces between rings are not equal and ring patterns of the transducers are not similar. The 
ring spaces of the 500 kHz transducer are shorter than the 300 kHz transducer. 

 

(a) 300 kHz transducer                                                                 (b) 500 kHz transducer  

Figure 3. Maxima pattern by impulse type excitation 

 

 

 

 



For more detailed review continuous images are composed and displayed like as an animation 
by changing time tn of the data array. Figure 4 shows some images at different tn which 

represent typical stages. Lower images are overlapped profiles at center line of the ultrasonic 

transducer. The left images represent surface shapes at about starting time. From these images 

it is possible to know that ultrasonic transducer vibrates like as simple piston motion at the 
start of vibration. The center images represent the stage at which the surface shape makes 

moving concentric circles. It seems to be the wave propagation of a point ripple source on 

water surface. In case of the 300 kHz transducer nodes on the profile lines are not clear but in 

case of the 500 kHz transducer the nodes are clearer. The right images represent the stage at 
which the vibration is diminishing. The profile lines show that the surface shape is relatively 

simple at center but more complex at more outer. At center the nodes are clearer but the nodes 

become to be ambiguous at outer area. The space of the nodes becomes shorter gradually after 

vibration is started and is limited in certain distance. 

[300 kHz transducer] 

   

 
 

 

[500 kHz transducer] 

   

 
  

Figure 4. Surface vibration of transducer excited by impulse type signal 

 



4.  Vibration by tone burst excitation 
 

To examine the response of ultrasonic transducer to sinusoidal excitation tone burst signal 

applied to ultrasonic transducer. The left image of Figure 5 is the vibration pattern of a 500 
kHz ultrasonic transducer and the right image is the vibration pattern of an 800 kHz ultrasonic 

transducer. The 300 kHz transducer was excited by 450 kHz tone burst signal and the 800 

kHz transducer was excited by 770 kHz tone burst signal. Those frequencies were chosen 

because the transducers showed maximum responses at the frequencies for each when the 
responses were measured at the centers of the transducers. The amplitude of the exciting 

signal was 16 Vp-p. The amplitude is very smaller than the output of the USN 52 but it was 

enough to get response comparable to that of the USN 52 case. These images are composed 

by maximum values at each point. The pattern of the 500 kHz transducer is relatively simple 
but the pattern of the 800 kHz transducer is complex. Basically both images show concentric 

circles but in case of the 800 kHz transducer the concentric circle is destroyed by locally 

generated patterns. 

 

 

 

 

(a) 500 kHz transducer                                                                 (b) 800 kHz transducer 

Figure 5. Maxima pattern by tone burst excitation 

 

Generally, when a material is excited by tone burst type force it has transient period at first. 

After that period it shows enforced oscillation and after the force is removed it shows 
damping oscillation. Figure 6 shows some surface patterns of ultrasonic transducers excited 

by tone burst signal at different stages. The left images are the surface patterns at the period of 

vibration started. The center images are the surface patterns at the period of enforced 

oscillation. The right images are the surface patterns at the period of damping oscillation. Just 
after the vibration is started, the movement of the surface is similar to the simple piston 

movement like as the ultrasonic transducer excited by impulse type signal. But the period is 

longer than the case of impulse type signal. The profile lines of the 500 kHz transducer in the 

period of enforced oscillation shows stable pattern. Also the profile lines of the 500 kHz 
transducer in the period of damping oscillation shows clear nodes. 

 

The patterns of 800 kHz transducer in Figure 6 are some complex. In the early stage, overall 

pattern is simple but it has some speckles. These speckles remain in all of vibration and act as 
sources of locally generated pattern. As the result, the profile lines of all the stages are very 

irregular. It is not possible to verify what these speckles are, but it is possible to guess that 

these speckles are defects of the ultrasonic transducer. This means that the measurement of 

vibration of an ultrasonic transducer can be used to find defects of the ultrasonic transducer. 



[300 kHz transducer] 

   

 
 

 

[500 kHz transducer] 

   

 

 

 

Figure 5. Surface vibration of transducer excited by tone burst signal 

 
 

5.  Conclusions 
 

The property of ultrasonic beam source is important to perform ultrasonic test properly. And 
the ultrasound source has to be defined for the simulation or the analysis of ultrasound field. 

A system to measure the surface vibration of ultrasonic transducer was developed. It uses a 

single point laser vibrometer and mechanical scanner. Using the system the surface vibrations 

of some ultrasonic transducers were measured. The results show that concentric ripples are 
generated on the surfaces of the ultrasonic transducers like as water ripple. And it is possible 

to find defects of ultrasonic transducers from the vibration of the transducers. 
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