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     PRODUCTION OF ULTRASONIC WAVES.

 



    The Piezo Electric Effect.
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The mechanical vibrations (sound energy) required for the ultrasonic method, can be generated by "electromechanical crystals / transducers".

These are the devices used to transform electrical energy into mechanical energy and vice versa, known as piezoelectric transducers. 
These units are capable of operating at various frequencies, ranging from the low kHz into the MHz range.

These electromechanical transducers used for ultrasonic inspections are more commonly referred to as transducers, transmitters, receivers or crystals. 
The transducers / crystals in turn are mounted in housing and together, the assembly of housing and transducer etc., are commonly referred to as probes, transducers or search units. 

Certain crystalline materials exhibit this piezo-electric effect. 
Naturally occurring crystals include Quartz, Lithium Sulphate and Rochelle salt. 

The commonly used polarized (man made) ceramic transducers are Barium Titanate, Lead Zirconate - Titanate, and Lead Metaniobate.

In order to use the piezo-electric properties of a natural crystal for a particular purpose it is necessary to cut the crystal in a specific way. 
The magnitude and character of the piezo-electric effect in any piezo material depends to a great extent on the relationship of the applied force or electrical field, to the axis of the crystal material.

The X - cut crystals produce a longitudinal ultrasonic mode of sound waves. Whereas a crystal cut with its major face at a right angle to the Y axis will be known as a Y - cut crystal.
If this crystal is now excited by an electrical pulse it will produce shear waves when in direct contact with the material - remember we are referring to natural crystals.

An interesting bit of information:

Recently a university in HAIFA built an “electrical road’ using Quarts crystals. A rubber compound with strategically placed crystals was placed over 30 meters of an existing roadway. When a truck passed over this electrical road, using the Piezo-electrric effect, it generated 2000 Volts of electricity! Enough to light up a number of street lamps as the truck went past.

It is said that 1km of roadway can generate enough electricity for 40 homes.

Back to Ultrasonics.

All hand held probes used for flaw detection purposes have "X - cut" crystals fitted and as such produce longitudinal waves.

Reciprocal* receiving and giving in the same proportion.
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             Transducer materials and properties.

The ceramic materials for example Barium Titanate, when produced do not exhibit the piezo-electric effect. In order for them to produce the piezo effect they must first be polarized. 

How this is done is by heating the ceramic tablet / “crystal” to above its curie temperature (approximately 130oC for Barium Titanate) and at the same time, applying a DC potential (1000 Volts) across the material. The electro-magnetic field present aligns the atomic domains of the Tungsten in the ceramic tablet, causing a degree of polarization*. 
Holding the electrical potential, the ceramic tablet is allowed to cool. At this point the DC voltage is removed. These crystal tablets that have been polarized will now exhibit the piezo-electric effect.

The polarised transducer, which will now exhibit the same characteristics as a quartz X-cut crystal, is now cut from the tablet.

In the case of man made transducers, it stands to reason that if during an inspection or for any reason, the crystal is heated to or above its Curie point / temperature it will de-polarize and hence the piezo effect will have been lost, resulting in a useless probe. 
The only way to remedy this would be to replace the probe, an expensive past time.

With the use of synthetic crystals there is no longer a need to refer to these crystals as being

X- cut, the term is really only valid for natural crystals. But we’ve been using the term from the 1940’s, and when you speak of an x-cut crystal everybody knows what you are talking about.
[image: image9.bmp]






Very important.

It is a common understanding that all hand held probes, whether containing a natural or synthetic crystal are referred to as containing "x - cut" crystals – producing Compression waves. 

Polarization* alignment of the poles of the atomic domains (groups of atoms) making up a ferrous material
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TYPES OF SOUND WAVES.

 



       Compression Waves.
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We discussed earlier the distortion of the crystal, when subjected to an electrical potential. Each time the crystal pushes out and pulls back we would have zones of compression and rarefaction of the particles of the material.
     In this case the particles are oscillating parallel to the direction of energy propagation.
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TYPES OF SOUND WAVES.

 



       Compression Waves.
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Very important.

We know that all energy radiates from a point source, in straight lines and in all directions - in free space.
The same holds true for the vibrations caused by the crystal. As the energy radiates from the crystal and propagates into the test material we see definite zones of compression (high pressure) and rarefaction (low pressure).










The distance between these zones of compression we could equate to the wavelength, and how many wavelengths per second, will then be the frequency. 

The particles in this case are oscillating in a direction parallel to the direction of energy propagation, which as can be seen is in a direction normal (90º) to the face of the transducer. 
This form of energy propagation and particle oscillation is referred to as a compression or longitudinal wave form. This however is not the only wave form, but consider it as the most important. 
 SHAPE  \* MERGEFORMAT 



LONGITUDINAL WAVES HAVE THE HIGHEST VELOCITY AND CAN BE USED FOR THE TESTING OF SOLIDS, LIQUIDS AND GASSES.
TYPES OF SOUND WAVES.

    Shear Waves.
This is a wave form that can be introduced into solids only.
In this instance the energy is once again propagated ahead of and away from the transducer. However in this case the particles are oscillating at right angles to the direction of energy propagation that is they are transverse to the direction of energy propagation, hence the name transverse or shear waves.
These waves are represented in the diagrams using the sine wave. 

Wave length is determined by the distance between two planes in which particles are in the same state, i.e. peak to peak. 














The drawing indicaties the direction of energy movement, direction of particle movement as well as wavelength.
Please note that we do not use this “cut” of crystal in UT to introduce shear beam into test piece, but diffraction.
Gases and liquids do not have a shear modulus, therefore it is impossible for shear waves to exist or to travel trough these materials. 
SHEAR WAVES HAVE ALMOST 50% THE VELOCITY OF LONGITUDINAL WAVES AND CAN ONLY BE USED FOR THE TESTING OF SOLIDS. 
TYPES OF SOUND WAVES.

Rayleigh wave or guided waves.

Another wave form which we come across is the surface or Rayleigh wave. We need the solid and gas interface to produce guided waves.

This wave is found strictly in the upper layer of particles at the surface of the material. The surface wave is not a true sinusoidal wave form as the shear wave; in this instance the oscillation of the particles is not transverse to the direction of energy propagation; but rather elliptical. 
Due to this elliptical movement, the amplitude (volume) of the oscillation decreases the further they penetrate into the material that is below the surface. Generally, at the depth of, just more than, one wavelength, the particles of the test piece are virtually at rest. 

Therefore it is said that, the penetration of surface waves below the surface, is to a depth of only one wavelength. 

The wavelength and hence the depth of penetration depends on the frequency used and the type of material being tested.

[image: image4]

Very important.
The particles complete an elliptical movement and then return to their original position.
Surface waves travelling along the surface of a test piece are readily reflected back to the probe if they should come into contact with a sharp corner. This is why these waves are excellent for testing for surface cracks.
The advantage of this wave is that it follows the contours of the specimen. It will flow around a radiused corner; but will be reflected from a sharp edge, or any surface crack or burr that is on the surface. 


TYPES OF SOUND WAVES.

Rayleigh wave.
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A problem we have with the surface wave is that it is easily damped out, if there is any 
couplant in front of the probe on the test surface, the beam will not progress from the probe or it will only go as far as the couplant on the surface. 
It is also the reason why surface waves are not used in immersion testing because the energy moves into the water and is absorbed at the interface. 
These waves are extensively used for the inspection of curved or flat plates for surface flaws

The Rayleigh wave will pass around the wall of a cylinder or may travel the entire way around a cube if the corners are rounded.

The surface finish of the test piece is extremely important in this instance as these waves are very easily damped out. 

By touching the surface in front of the probe the energy will be absorbed by the finger or hand, so the path can quite easily be traced by watching the screen while moving the finger over the surface of the work piece.
Very important.
THE SURFACE WAVE VELOCITY IS A FEW PERCENT SLOWER THAN THE SHEAR WAVE VELOCITY IN THE SAME MATERIAL. IN STEEL, FOR EXAMPLE, THE VELOCITY OF SURFACE WAVES IS 90% THAT OF SHEAR WAVES.

TYPES OF SOUND WAVES.

Lamb Waves or guided plate waves.

We need the solid and gas interface to produce guided waves.

If we now introduce a surface wave into a material that has a thickness equal to or less than three wavelengths (one λ preferably) of the sound beam, a different kind of wave is formed. 
As the wave encompasses / saturates the entire material, the material now begins to vibrate as a plate. We now have a Lamb or guided plate wave. When this occurs, the normal rules for wave velocity through the material break down. 
THE VELOCITY IS NO LONGER DEPENDENT UPON THE TYPE OF MATERIAL AND THE TYPE OF WAVE.

Instead, we get a wave velocity that is dependent on the frequency of the wave, the angle of incidence, plate thickness and the type of material, as well as the modulus of elasticity and the shear modulus (rigidity).  

These waves occur in two different basic modes; the symmetrical or dilatational wave and the asymmetrical or bending wave. The plate waves as their name suggest are used primarily to test very thin plates for flaws like porosity inclusions and cracks. 
The other modes are at two wavelengths and three wavelengths. The wave forms are the same; but the waves coincide with each other.

The ability of Lamb waves to flow in thin plates make them applicable to a wide variety of problems requiring the detection of subsurface discontinuities. Can also be used for testing of pipe; called cylindrical guided waves.
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Material particles 





Damping medium
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Material particles





The crystal - at rest, the backing - cemented to the crystal and no  


              energy propagating through the material.





Crystal
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Particle movement





Damping medium





Crystal





The crystal distorting because of the electrical energy applied - 	       	  compression of the material particles close to the transducer.  
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Particle movement





Damping medium





Crystal





The crystal distorting in the opposite way - rarefaction
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Energy movement





Particle oscillation





Wavelength





Damping medium
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Crystal
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Wavelength





Particle movement





Energy movement





Elliptical movement of the surface particles.








Penetration to the depth of  +- one wavelength
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Air





Steel











TX / RX





TX / RX





Energy propagating from left to right, Particles moving elliptical, in unison.


	  Asymmetrical mode or  bending / shear wave – flexing motion. 





Energy propagating from left to right, Particles moving elliptical, counter to each other.	 


              Ssymmetrical mode or dilatational wave  / longitudinal wave– hour glass motion.					    





Surface wave
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Surface wave





Plate wave





Plate wave








