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ELECTROMAGNETIC ACCOUSTIC TRANSDUCER 

This disclosure relates to the field of electromagnetic acoustic transducers.  

Conventional ultrasonic testing requires the use of coupling fluid between the 

transducer and the test structure. Electromagnetic acoustic transducers (EMATs) are 

attractive as they do not require coupling fluids, or even direct contact, between the 

transducer and the test object. Such characteristics are advantageous when, for example, 

monitoring for corrosion when sensing through corrosion protection layers (such as 

paint) is required. However, these advantages of EMATs are accompanied by the 

disadvantage that EMATs typically have a low sensitivity. To address this low 

sensitivity, one approach is to use high power excitation signals and high excitation 

voltages within the EMATS. However, this approach may not be possible for safety 

reasons in some installations.  

SUMMARY 

It is an object of the present invention to substantially overcome or at least 

ameliorate one or more disadvantages of existing arrangements.  

In a first aspect, the present invention provides an electromagnetic acoustic 

transducer for exciting ultrasonic vibrations within a test object, said electromagnetic 

acoustic transducer comprising: at least one magnet configured to generate a magnetic 

field; a fluxguide having a test face for placing against said test object, said fluxguide 

shaped to receive said magnetic field from said at least one magnet and to direct said 

magnetic field such that repulsion between magnetic field lines within said fluxguide 

directs at least part of said magnetic field towards said test face; and an electrical coil, at 

least an active portion of said electrical coil disposed to cover said test face, wherein 

within said active portion conductors of said electrical coil are substantially parallel, 

straight and carrying current in a same direction; wherein said fluxguide has a shape of a 

prism or a frustum and said test face is a polygonal base face of said prism or said 

frustum; a face of said at least one magnet at least partially abuts a side face of the 

fluxguide; and said electromagnetic acoustic transducer comprises a driver component 

for driving an electrical current through the electrical coil to excite the ultrasonic 

vibrations within the test object.  

25802761
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In a second aspect, the present invention provides a method of exciting ultrasonic 

vibrations within a test object using an electromagnetic acoustic transducer, said method 

comprising the steps of: placing a fluxguide with a test face against said test object; 

generating a magnetic field with at least one magnet; receiving in said fluxguide said 

magnetic field from said at least one magnet; and directing said magnetic field within 

said fluxguide such that repulsion between magnetic field lines directs at least part of 

said magnetic field towards said test face; providing at least an active portion of an 

electrical coil disposed to cover said test face, within said active portion conductors of 

said electrical coil are substantially parallel, straight and carrying current in a same 

direction; and driving an electric current through said coil to excite substantially mode 

pure and uni-directionally polarised shear wave in said test object; wherein said 

fluxguide has a shape of a prism or a frustum and said test face is a polygonal base face 

of said prism or said frustum; and a face of said at least one magnet at least partially 

abuts a side face of the fluxguide.  

Viewed from one aspect the present disclosure provides an electromagnetic 

acoustic transducer for exciting ultrasonic vibrations within a test object, said 

electromagnetic acoustic transducer comprising: 

at least one magnet configured to generate a magnetic field; 

a fluxguide having a test face for placing against said test object, said fluxguide 

shaped to receive said magnetic field from said at least one magnet and to direct said 

magnetic field such that repulsion between magnetic field lines within said fluxguide 

directs at least part of said magnetic field towards said test face; and 

an electrical coil, at least an active portion of said electrical coil disposed to cover 

said test face, wherein 

within said active portion conductors of said electrical coil are substantially 

parallel, straight and carrying current in a same direction.  

The present disclosure recognises that the sensitivity of the electromagnetic 

acoustic transducer can be improved if the flux density at the test face is increased in 

some embodiments the flux density at the test face may be more than double the flux 

density with the magnet(s). Conventional permanent magnets are limited in the flux 

density that they can individually generate. The present disclosure recognises that using 

an appropriately shaped fluxguide receiving the magnetic field from the one or more 

magnets can result in an
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amplification of the flux density at the test face due to repulsion between magnetic field lines 

directing the magnetic field towards the test face.  

Excitation of the acoustic waves by the transducer is achieved using an electrical coil 

5 with at least part of this electrical coil disposed over the test face. Within the active portion 

of the coil between the test face and the test object conductor of the electrical coil are 

substantially parallel, straight and carrying current in a same direction. This may produce 

ultrasonic waves of single polarity (e.g. shear waves polarised in one direction). This 

improves mode purity. Improved mode purity (e.g. a single mode excited) may make 

10 processing and interpretation of returned signals more straightforward (e.g. avoids ambiguity 

and a reduction in resolution due to received overlapping signals corresponding to different 

modes (e.g. longitudinal and shear wave modes) received at the same time).  

Example embodiments which have been found to provide good performance (e.g.  

15 sensitivity) are those in which the electrical coil is a butterfly coil comprising two adjacent 

spiral coils wound in opposite directions. Such a butterfly coil may be conveniently located 

between the flux guide and the test object such that a medial portion of the butterfly coil 

between the adjacent spiral coils is disposed directly between the test face and the test object.  

This may permit generation of ultrasound waves with a high mode purity.  

20 

The dimensions of the fluxguide relative to the magnet(s) are important to provide a 

strong magnetic field with a compact transducer. The test face has dimensions such that a 

smallest radius of a circle wholly containing a projection of the test face into a plane normal 

to a mean direction of magnetic flux lines passing through the test face is Ra. The magnet(s) 

25 have dimensions such that a smallest radius of a circle wholly containing a project of the 

magnet(s) in the plane is Rb and Ra/Rb is in the range 0.2 to 0.8, or is some embodiments in 

the range 0.45 to 0.55.  

The value of Ra may conveniently be in the range 2.5mm to 25mm or in the same 

30 embodiments 5mm to 10mm.  

The height H of the fluxguide normal to the plane may be in the range 0.2 to ORa.  

Good performance with a compact size may be achieved when H is in the range Ra to 4 Ra or 

in the range 5mm to 50mm.  

2
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There are a wide variety of different possible geometries for the at least one magnet 

and the fluxguide. A desirable degree of amplification in the magnetic flux density at the test 

face may be achieved in some example embodiments in which the at least one magnet has 

5 one or more magnet faces proximal to the fluxguide and the magnetic field passes between 

the one or more magnet faces and the fluxguide in respective directions that are non-normal 

to the test face. Such an arrangement facilitates concentration of the magnetic field around 

the test face.  

10 In some example embodiments, the directions of the normal to the magnet faces may 

be within a range of 90 degrees to 15 degrees from a normal to the test face. Such a range of 

angles provides a geometry yielding a useful amplification in the magnetic flux density. In 

other example embodiments in which the amplification is greater, the directions at which the 

magnetic field passes from the magnets to the fluxguide may be within a range of 90 degrees 

15 to 30 degrees from a normal to the test face. Further example embodiments in which an 

advantageous amplification in the flux density balanced against a compact form are 

particularly strong are those in which the directions at which the magnetic field lines enter the 

fluxguide are substantially perpendicular to a normal to the test face.  

20 It will be appreciated that the fluxguide can have a variety of different forms. It 

would be possible for the fluxguide to have the shape of a cylinder with the magnet being a 

single magnet formed as an annulus surrounding this cylinder. In other embodiments, the 

fluxguide has the shape of a prism or frustum and the test face is a polygonal base face of this 

prism or frustum. The fluxguide is not limited to the shape of a right prism, also oblique 

25 prisms, pyramids and frustra are possible; examples range from right and oblique triangular 

prisms, via square or polygonal pyramids to polygonal frustra in the limit approaching a 

capped cone. The base face of the fluxguide may in some embodiment have N edges, where 

N is in the range 4 to 8.  

30 With such an arrangement, the at least one magnet may be conveniently provided as a 

plurality of magnets with respective pole faces and the prism or frustum provided with a 

plurality of side faces that join the test face with at least some of the pole faces of the 

magnets abutting at least some of the side faces of the prism or frustum. The same polarity of 

pole of the magnets may abut all of the side faces of the prism or frustum.  

3
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An increased flux density at the test face may be achieved when each of the plurality 

of side faces is abutted by one of the pole faces. The geometry and forming of the transducer 

so as to give a regular field may be improved when the prism is a right prism.  

5 

While it will be appreciated that the polygonal face could have the form of a wide 

variety of different regular or irregular polygons, some example embodiments which provide 

a good balance between performance and complexity are ones in which the test face is a 

quadrilateral and the prism is a cuboid. Symmetry and regularity may be improved when the 

10 test face is a square.  

A convenient packaging of the overall transducer enabling simplified deployment and 

fixing of the transducer may be achieved in example embodiments in which a total area 

occupied by the electrical coil is contained within a total cross-sectional area occupied by the 

15 electromagnetic acoustic transducer projected normally onto the test object. In this way, the 

coil does not project beyond the transducer and may be protected and held within the 

transducer body itself 

The robustness against noise and/or performance of of the transducer may be 

20 improved in some example embodiments by providing a capacitive shield disposed between 

the electrical coil and the test object. Such a capacitive shield may serve at least partially to 

block an electric field and to pass substantially all of a dynamic magnetic field from the coil 

on transmission and from the eddy currents upon reception. In this way, the desired magnetic 

field may be passed and used to excite desired ultrasonic vibrations and desired voltages in 

25 the coil, whereas an electric field which may introduce noise into the system is attenuated.  

The capacitive shield may be formed as a conductive plate having one or more cuts 

therein with those cuts positioned so as to reduce induction of eddy currents in the conductive 

plate by the electrical coil. The form of the electrical coil will control the direction of any 

30 induced eddy currents and the cuts can be positioned relative to the electrical coil so as to 

inhibit the generation of eddy currents in the conductive plate.  

The capacitive shield may also serve, in some example embodiments, as a wear plate 

serving to protect the electrical coil in what may be a harsh deployment environment.  

4
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The electromagnetic acoustic transducer of at least some example embodiments may 

be held to the test object by one or more of magnetic attraction between the 

fluxguide/magnet(s) and the test object, a resilient clamping structure accommodating 

5 attachment to a non-planar test object, and a clamp encircling a test object that is a pipe. In 

practice, the strong magnetic attraction between an electromagnetic acoustic transducer in 

accordance with the present techniques and a suitable test object significantly simplifies 

fixing the transducer to the test object and helps to resist lift off whereby displacement of the 

transducer, such that the test face is no longer in close contact with the test object, may be 

10 resisted.  

A housing surrounding the fluxguide and the magnet(s) may be "transparent" to the 

magnetic flux, e.g. have a magnetic permeability less than 2po , where po is the permeability 

of free space.  

15 

Viewed from another aspect the present disclosure provides an electromagnetic 

acoustic transducer for exciting ultrasonic vibrations within a test object, said electromagnetic 

acoustic transducer comprising: 

at least one magnet configured to generate a magnetic field; and 

20 a fluxguide having a test face for placing against said test object, said fluxguide 

shaped to receive said magnetic field from said at least one magnet and to direct said 

magnetic field such that repulsion between magnetic field lines within said fluxguide directs 

at least part of said magnetic field towards said test face; wherein 

said test face has dimensions such that a smallest radius of a circle wholly containing 

25 a projection of said test face in a plane normal to a mean direction of magnetic field lines 

passing through said test face is Ra; 

said at least one magnet has dimensions such that a smallest radius of a circle wholly 

containing a projection of said at least one magnet in said plane is Rb; and 

Ra/Rb is in the range 0.2 to 0.8.  

30 

Viewed from a further aspect the present disclosure provides a method of exciting 

ultrasonic vibrations within a test object using an electromagnetic acoustic transducer, said 

method comprising the steps of.  

placing a fluxguide with a test face against said test object; 

5
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generating a magnetic field with at least one magnet; 

receiving in said fluxguide said magnetic field from said at least one magnet; and 

directing said magnetic field within said fluxguide such that repulsion between 

magnetic field lines directs at least part of said magnetic field towards said test face; 

5 disposing at least an active portion of an electrical coil disposed to cover said test 

face, wherein 

within said active portion conductors of said electrical coil are substantially parallel, 

straight and carrying current in a same direction.  

10 Example embodiments of the present disclosure will now be described, by way of 

example only, with reference to the accompanying drawings in which: 

Figure 1 schematically illustrates an electromagnetic acoustic transducer fixed to a 

test object in the form of a pipe within a system for performing remote monitoring of that 

15 pipe (e.g. corrosion monitoring and/or defect detection); 

Figure 2 is a diagram schematically illustrating a partially transparent perspective 

view of an electromagnetic acoustic transducer; 

Figure 3 is a diagram schematically illustrating a cut away view through the 

transducer of Figure 2; 

20 Figure 4 schematically illustrates a plurality of magnets, a fluxguide and a coil for use 

in a transducer; 

Figure 5 schematically illustrates magnetic field lines within the transducer of Figure 

2; 

Figure 6A schematically illustrates different angles at which the magnetic field lines 

25 may enter the fluxguide relative to the normal to the test face; 

Figure 6B schematically illustrates limiting the distance between the test face of the 

fluxguide and the contact face between the magnet(s) and the fluxguide; 

Figure 7 schematically illustrates a number of example fluxguide prism or frustum 

cross-sections; 

30 Figures 8A, 8B and 8C schematically illustrates a butterfly coil, a D-shaped coil and a 

racetrack coil respectively; 

Figure 9 schematically illustrates a capacitive shield for use between a test object and 

the butterfly coil of Figure 8; 

6
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Figures 10 to 18 schematically illustrate the path of magnetic field lines and the 

magnetic flux density at the test face for fluxguides of a variety of different heights and with 

the magnetic field passing between the permanent magnet and the fluxguide at a variety of 

different angles from the normal to the test face; and 

5 Figures 19, 20 and 21 schematically illustrate different behaviour when exciting mode 

pure and non-mode pure signals with different forms of coils.  

Figure 1 schematically illustrates an example test object 2, in the form of a steel pipe, 

which is to be subject to internal corrosion monitoring, defect detection and the like using an 

10 electromagnetic acoustic transducer 4 held to the surface of the pipe 2 by one or more of 

magnetic attraction, resilient clamping to the curved surface of the pipe 2 and/or an encircling 

clamp passing around the pipe 2. The transducer 4 is battery powered (mains power or 

energy harvesting may also be used) and is in wireless communication with a remote 

monitoring system 6, which receives and interprets the results of the ultrasonic tests 

15 periodically performed by the transducer 4 upon the pipe 2. The pipe 2 may have an 

electrically non-conductive coating so as to inhibit external corrosion. For example, the pipe 

2 may be painted with such a coating. The electromagnetic acoustic transducer 4 is able to 

excite and detect ultrasonic signals within the pipe 2 despite this non-conductive coating.  

20 It will be understood that the electromagnetic acoustic transducer 4 is not limited to 

use in remote monitoring, e.g. it could also be used for standard inspection purposes or other 

uses.  

Figure 2 is a partially transparent perspective view of the transducer 4. The 

25 transducer 4 includes a fluxguide 8 surrounded by a plurality of strong permanent magnets 

10. A butterfly coil 12 is disposed between a test face at the base of the fluxguide 8 and the 

test object 2. A capacitive shield 14 (consisting of a conductive plate with cuts) is disposed 

between the butterfly coil 12 and the test object. The capacitive shield 14 serves to pass 

magnetic fields and attenuate electric fields. The capacitive shield 14 also serves as a wear 

30 plate to resist damage to the butterfly coil 12. The transducer is contained within a housing 9 

that has a magnetic permeability p where p is less than 2 po and po is the permeability of free 

space. The housing 9 thus has a low impact upon the magnetic field.  

7
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It will be seen from Figure 2 that the butterfly coil 12 occupies an area which is 

contained within a total cross-sectional area occupied by the transducer 4 projected normally 

onto the test object 2. Thus, the electrical coil 12 may be completely contained within the 

transducer 4 and protected by the transducer body. It is also possible that in other 

5 embodiments the electrical coil 12 may extend outside the magnet arrangement and 

transducer body.  

The permanent magnets 10 and the fluxguide 8 in this example embodiment have a 

height of 40mm and a width of 20mm. It will be appreciated that other dimensions may be 

10 used and typically the height of the fluxguides and the magnets will be greater than or equal 

to 0.001 metres and less than or equal to 0.1 metres.  

Figure 3 is a partial cut away diagram of the transducer 4 of Figure 2. As will be seen 

in Figure 3, the fluxguide 8 comprises a right prism with a square polygonal face forming the 

15 test face 11 which is placed against the test object 2 (although there may be intervening 

structures, such as the coil 12 and the capacitive shield 14). The test face 11 may in some 

embodiments be the projection of the flux guide cross-section onto the test object. The 

permanent magnets 10 have magnet faces which abut the side faces of the fluxguide 8 such 

that the magnetic field in this example embodiment passes from the permanent magnets 10 

20 into the fluxguide 8 through a face with a normal that is substantially perpendicular to the 

normal to the test face 11. The majority of magnetic field lines leave the fluxguide 8 through 

the test face 11 and then enters the test object 2.  

The fluxguide 8 has dimensions such that a smallest radius of a circle wholly 

25 containing a projection of the test face 11 in a place normal to the mean direction of magnetic 

field lines passing through the test face is Ra (as shown). Ra may be in the range 2.5mm to 

25mm or in some embodiments 5mm to 10mm. The magnets 10 have dimensions such that a 

smallest radius of a circle wholly containing a projection of the magnets 10 is Rb and Ra/Rb is 

in the range 0.2 to 0.8, or in some embodiments in the range 0.45 to 0.55 

30 

The fluxguide 8 may be made of a soft magnetic material, such as iron or laminated 

iron so as to reduce eddy currents on its surface due to the coil. The permanent magnets 10 

may be strong magnets that may have magnetic flux densities in excess of 1 Tesla. As will 

be seen, in this example embodiment, all of the permanent magnets are arranged such that 

8
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their south poles contact the fluxguide 10. The magnetic field which enters the fluxguide 8 

from each of the permanent magnets 10 will accordingly be repelled from the magnetic 

field(s) entering from the remainder of the magnets 10. This has the effect of directing the 

magnetic fields towards the test face 11 (or at least part of the magnetic fields) in a manner 

5 which results in an increase in the flux density at the test face 11 above that within the 

permanent magnets 10 alone. In practice, an amplification of the flux density of 

approximately the order of x3 may be achieved. This improves the sensitivity of the 

electromagnetic acoustic transducer 4 whose sensitivity may be roughly proportional to the 

square of the flux density at the test face.  

10 

It will be appreciated that the transducer 4 will typically contain many electronic 

components for driving the coil 12 as well as receiving signals at the coil 12. These 

electronic components have been omitted from the present figures for the sake of clarity, but 

can take a substantially conventional form as will be familiar to those in the field of 

15 electromagnetic acoustic transducers.  

The test face in this example embodiment comprises the square polygonal face at the 

base of the flux guide 8. A diagonal across this square test face represents the largest 

dimension of the test face. The present techniques can be used with transducers of a variety 

20 of different scales and typically the test face will have a maximum dimension (e.g. diagonal) 

lying in the range of greater than or equal to 0.001 metres and less than or equal to 0.1 

metres. In some embodiments this dimension (2 Ra) may be in the range 5mm to 50mm or the 

range 10mm to 20mm.  

25 Figure 4 schematically illustrates a perspective view of the permanent magnets 10, the 

fluxguide 8 and the coil 12 forming part of the transducer 4. As shown in this example, the 

side faces of the flux guide 10 each abut a south pole of a permanent magnet 10. Repulsion 

between the magnetic field lines which enter the fluxguide 8 from the permanent magnets 10 

serves to direct at least a portion of these magnetic field lines down towards the test face at 

30 the end of the flux guide 10 which abuts the test object 2. The butterfly coil 12 is disposed 

between this test face and the test object 2. The height H of the fluxguide 8 may be in the 

range .2 Ra to 1ORa and in some embodiments in the range Ra to 4 Ra or in the range 5mm to 

50mm.  

9
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Figure 5 schematically illustrates a cross-section through the transducer 4 and the test 

object 2 illustrating the path of magnetic field lines entering the fluxguide 8 from two 

permanent magnets 10 disposed upon opposite sides of the fluxguide 8. As will be seen, the 

magnet faces are substantially perpendicular to the normal from the test face at the base of the 

5 fluxguide 8. The magnetic field lines entering from opposite sides of the fluxguide 8 repel 

each other and are directed towards the test face so that they enter the test object 2. The test 

object 2 provides a return path for the magnetic field guides to their respective magnets 10.  

The return path through the test object 2 may provide a preferential return path depending 

upon the magnetic properties of the material from which the test object 2 is formed and the 

10 geometry of the test object 2 (e.g. a steel pipe forming the test object 2 may provide a ready 

return path for the magnetic field lines). The geometry of the transducer 4 is such that a 

relatively high resistance to lift off of the transducer 4 (magnets) from the surface of the test 

object 2 is provided. Thus, minor disturbance of the transducer 4 from an ideal contact with 

the test object 2 does not have an unduly negative effect upon the performance of the 

15 transducer 4, e.g. its sensitivity. This makes the performance of the transducer 4 less 

sensitive to use on curved test objects, e.g. pipes with different/small diameters. This is 

illustrated in Figure 6B as discussed below.  

Figure 6A schematically illustrates a cross-section through a fluxguide 8 and a magnet 

20 10 on one side of a central axis 16 of the fluxguide 8. This example illustrates how the side 

face 18 of the fluxguide 8 against which the magnet face of the magnet 10 is placed may have 

a normal with an angle to the normal from the test face 20 that lies within a range of angles.  

As illustrated, acceptable performance may be achieved when the angle lies in the range of 

greater than or equal to 15 degrees or less than or equal to 90 degrees. Better performance is 

25 achieved when this angle is greater than or equal to 30 degrees or less than or equal to 90 

degrees. An angle of substantially 90 degrees is convenient for manufacturing and packaging 

and is in accordance with the example embodiment illustrated in Figures 2, 3, 4 and 5.  

Figure 6B schematically illustrates a cross-section through the fluxguide 8 and the 

30 magnet(s) 10. In order to reduce susceptibility to "lift off' of the transducer 4 from the test 

object 2 reducing performance (flux density at the test face 20), the distance between the test 

face 20 and the contact between the magnet(s) 10 and the fluxguide 8 may be limited to be 

less than or equal to 6mm.  

10
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It will be appreciated that the fluxguide 8 may have the form of a prism or frustrum.  

This may, for example, be a right prism. The polygonal face at one end of this right prism or 

frustrum can have a variety of shapes as illustrated in Figure 7. These shapes include, for 

example, an equilateral triangle, a square, a regular hexagon, a rectangle and an isosceles 

5 triangle. A limiting case as the number of sides of the polygon forming the end face of the 

right prism increases is that the end face of the prism will become a circle and the prism will 

become a cylinder (or in the case of a frustum a conical frustum). In such embodiments, the 

magnet may take the form of an annular magnet in which the inner face contacting the side 

face of the cylinder comprises one pole of the magnet with the opposite face of the annulus 

10 comprising the other pole of the magnet. Such an annular magnet may, for example, be 

formed by fixing together a plurality of individually formed and polarised segments of the 

annulus to form the complete annulus. In some embodiments the test face TF of the 

fluxguide 8 is a polygon with a number of sides N in the range 4 to 8.  

15 Figure 8A schematically illustrates an electrical coil in the form of a butterfly coil 12.  

This butterfly coil 12 comprises two spiral coils wound in opposite senses, i.e. one clockwise 

and one anti-clockwise when viewed from either above or below. The medial portion of the 

butterfly coil 12 where the edges of the two spiral coils abut is such that the current through 

the wires forming the spirals is all passing in the same direction in the medial portion 

20 (containing the active portion disposed between the test face and the test object). The wires 

(conductors) in the medial portion are substantially straight, parallel and passing current in a 

same direction. This can generate waves of a single polarisation so improving mode purity in 

the vibrations generated/received (this is discussed further below). This induces a strong 

eddy current in the test object underlying the medial portion and accordingly, when this 

25 interacts with the magnetic field, may be utilised to generate ultrasonic vibrations. As 

illustrated in Figure 8A, the butterfly coil 12 is entirely contained within a normal projection 

of the transducer 4 onto the surface of the test object 2. It will be understood that other forms 

of electrical coil may also be utilised, such as pancake coils. In some embodiments the 

butterfly coil 12 may extend outside the normal projection of the transducer 4. The butterfly 

30 coil 12 may also be made having a start in the centre of one coil and an end in the centre of 

the other coil as this avoids crossing the lines in the central region.  

Figure 8B illustrates another example coil in the form of a D-shaped coil 13. This D

shaped coil 13 again has an active portion disposed to cover the test face of the fluxguide 8.  

11
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The conductors (wires) within the active portion are substantially straight, parallel and carry 

current in the same direction.  

Figure 8C illustrates another example coil in the form of a racetrack shaped coil 15.  

5 This racetrack shaped coil 15 again has an active portion disposed to cover the test face of the 

fluxguide 8. The conductors (wires) within the active portion are substantially straight, 

parallel and carry current in the same direction. Small deviations from a straight and parallel 

arrangement of the various coils 12, 13, 15 are possible while still ensuring that the excited 

waves are substantially within a single mode.  

10 

Figure 9 schematically illustrates the capacitive shield 14. This takes the form of a 

conductive plate in which cuts 24 have been made so as to reduce eddy currents induced 

within the capacitive plates by proximity to the butterfly coil 12. In the drawing only two 

cuts are shown - more cuts may be used and this may improve performance. The effect of 

15 the capacitive shield is that it serves to attenuate (block) electric fields passing between the 

butterfly coil 12 and the test object 2 whilst permitting magnetic fields to pass between the 

test object 2 and the butterfly coil 12. The capacitive shield 14 also serves as a wear plate to 

protect the butterfly coil 12 from physical damage.  

20 Figures 10 to 18 schematically illustrate flux lines and radial and axial flux densities 

within the test object 2 which may be achieved using fluxguides 8 of different heights normal 

to the surface of the test object 2 and with side faces through which the magnetic field enters 

the fluxguide 8 that have different angles relative to a normal to the test object 2. The 

permanent magnet 10 illustrated will in practice be disposed opposite another permanent 

25 magnet 10 on the other side of the fluxguide 8, but this is not illustrated in Figures 10 to 18.  

The examples of Figures 10 to 18 belong to systems with cylindrical symmetry.  

The effect of the two permanent magnets 10 in such close proximity is that the 

magnet field lines within the fluxguide 8 repel each other and are directed towards the test 

30 face of the fluxguide 8 from which they enter the test object 2. The test object 2 may provide 

a relatively ready return path for these magnetic field lines to the permanent magnet 10 e.g. if 

the test object 2 is made of a ferromagnetic material. In the example illustrated, the 

permanent magnet 10 may have a magnetic flux density within its body of less than 1 Tesla 

whereas it will be seen that the magnet flux densities achieved within the test object 2 may be 

12
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more than double this level. Even if the test object 2 is not ferromagnetic, an increase in flux 

density where the magnetic field passes between the fluxguide 8 and the test object 2 may be 

achieved.  

5 Figures 10 to 18 illustrate the magnetic field line paths and the magnetic flux densities 

achieved for a variety of different heights of the fluxguide 8 together with a variety of 

different angles at which the permanent magnets 10 abut the fluxguide 8. Acceptable 

amplification of the magnetic flux density entering the test object 10 may be achieved when 

the angles lie in the range of 15 degrees to 90 degrees. Better amplification is achieved when 

10 the angles are in the range of 30 degrees to 90 degrees. Various heights of fluxguide 8 may 

be employed as are illustrated.  

It will be appreciated that Figures 10 to 18 demonstrate that the fluxguide 8 may have 

a variety of different shapes and forms whilst achieving the effect of utilising repulsion 

15 between the magnetic field within the fluxguide 8 to direct that magnetic field towards the 

test face and the test object such that the magnetic flux density at the test face is greater than 

that achieved within the permanent magnet 10 alone.  

Figure 19 schematically illustrates an aperture of radius Ra corresponding to an active 

20 portion of a coil between a test face and a test object. Within the active portion elastic waves 

(ultrasonic waves) are excited due the Lorentz force mechanism, which is a result of the 

interaction of induced eddy currents in the test object (electrically conductive) and the bias 

magnetic field. When the conductors are substantially parallel across the aperture as shown in 

the left hand part of Figure 19, the forces act parallel with single direction resulting in 

25 excitation of a mode pure shear wave. In contrast if the coil forms a loop in the active portion 

as shown in the right hand portion of Figure 19, then this results in surface forces that radially 

stretch and radially compress the surface resulting in poorer mode purity, i.e. excitation of 

longitudinal wave toward a centre portion of the loop.  

30 Figure 20 schematically illustrates excitation of mode pure signals at 2MHz at one 

face (excitation face) of steel plates of respective thicknesses and the received reflected 

signals (of different orders of reflection) from the opposite face (reflection face). Figure 21 

schematically illustrates excitation of non-mode pure signals at 2VMz at one face (excitation 

face) of steel plates of respective thicknesses and the received reflected signals (of different 

13
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orders of reflection) from the opposite face (reflection face). Comparing the received signals 

on Figure 20 to those of Figure 21, it will be seen that mode pure excited waves result in 

more clearly separated and more readily discriminated received signals (reflected waves).  

5 Although illustrative embodiments of the invention have been described in detail 

herein with reference to the accompanying drawings, it is to be understood that the invention 

is not limited to those precise embodiments, and that various changes, additions and 

modifications can be effected therein by one skilled in the art without departing from the 

scope and spirit of the invention as defined by the appended claims. For example, various 

10 combinations of the features of the dependent claims could be made with the features of the 

independent claims without departing from the scope of the present invention.  

14
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CLAIMS 

1. An electromagnetic acoustic transducer for exciting ultrasonic vibrations within a 

test object, said electromagnetic acoustic transducer comprising: 

at least one magnet configured to generate a magnetic field; 

a fluxguide having a test face for placing against said test object, said fluxguide 

shaped to receive said magnetic field from said at least one magnet and to direct said 

magnetic field such that repulsion between magnetic field lines within said fluxguide 

directs at least part of said magnetic field towards said test face; and 

an electrical coil, at least an active portion of said electrical coil disposed to cover 

said test face, wherein 

within said active portion conductors of said electrical coil are substantially 

parallel, straight and carrying current in a same direction; 

wherein said fluxguide has a shape of a prism or a frustum and said test face is a 

polygonal base face of said prism or said frustum; 

a face of said at least one magnet at least partially abuts a side face of the 

fluxguide; and 

said electromagnetic acoustic transducer comprises a driver component for driving 

an electrical current through the electrical coil to excite the ultrasonic vibrations within the 

test object.  

2. An electromagnetic acoustic transducer as claimed in claim 1, wherein said 

electrical coil is a butterfly coil comprising two adjacent spiral coils wound in opposite 

senses.  

3. An electromagnetic acoustic transducer as claimed in claim 2, wherein a medial 

portion of said butterfly coil between said adjacent spiral coils is said active portion and is 

disposed between said test face and said test object.  

4. An electromagnetic acoustic transducer as claimed in any one of the preceding 

claims, wherein said test face has dimensions such that a smallest radius of a circle wholly 

containing a projection of said test face in a plane normal to a mean direction of magnetic 

field lines passing through said test face is Ra.  

5. An electromagnetic acoustic transducer as claimed in claim 4, wherein said at least 

one magnet has dimensions such that a smallest radius of a circle wholly containing a 
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projection of said at least one magnet in said plane is Rb; and Ra/Rb is in the range 0.2 to 

0.8.  

6. An electromagnetic acoustic transducer as claimed in claim 4, wherein Ra/Rb is in 

the range 0.45 to 0.55.  

7. An electromagnetic acoustic transducer as claimed in any one of claims 4, 5 and 6, 

wherein Ra is in the range 2.5mm to 25mm.  

8. An electromagnetic acoustic transducer as claimed in claim 7, wherein Ra is in the 

range 5mm to 10mm.  

9. An electromagnetic acoustic transducer as claimed in any one of claims 4 to 8, 

wherein said fluxguide has a height normal to said plane of Hand His in the range of one 

of; 0.2Ra to 1ORa; and Ra to 4Ra.  

10. An electromagnetic acoustic transducer as claimed in claim 9, wherein H is in 

the range 5mm to 50mm.  

11. An electromagnetic acoustic transducer as claimed in any one of the preceding 

claims, wherein said at least one magnet has one or more magnet faces proximal to said 

fluxguide and said magnetic field passes between said one or more magnet faces and said 

fluxguide in respective directions that are non-normal to said test face.  

12. An electromagnetic acoustic transducer as claimed in any one of the preceding 

claims, wherein said repulsion of said magnetic field lines increases flux density within 

said fluxguide and said test face above that within said at least one magnet.  

13. An electromagnetic acoustic transducer as claimed in claim 12, wherein flux 

density within said fluxguide and said test face is more than double flux density within 

said at least one magnet.  

14. An electromagnetic acoustic transducer as claimed in any one of the preceding 

claims, wherein said polygonal base face is an N sided polygon, where N is in the range 4 

to 8.  

15. An electromagnetic acoustic transducer as claimed in any one of the preceding 

claims, comprising a housing surrounding said at least one magnet and said fluxguide, 
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said housing having a magnetic permeability p, where p is less than 2to and p0 is the 

permeability of free space.  

16. A method of exciting ultrasonic vibrations within a test object using an 

electromagnetic acoustic transducer, said method comprising the steps of: 

placing a fluxguide with a test face against said test object; generating a magnetic 

field with at least one magnet; 

receiving in said fluxguide said magnetic field from said at least one magnet; and 

directing said magnetic field within said fluxguide such that repulsion between magnetic 

field lines directs at least part of said magnetic field towards said test face; 

providing at least an active portion of an electrical coil disposed to cover said test 

face, within said active portion conductors of said electrical coil are substantially parallel, 

straight and carrying current in a same direction; and 

driving an electric current through said coil to excite substantially mode pure and 

uni-directionally polarised shear wave in said test object; 

wherein said fluxguide has a shape of a prism or a frustum and said test face is a 

polygonal base face of said prism or said frustum; and 

a face of said at least one magnet at least partially abuts a side face of the 

fluxguide.  
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