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(57) Abréegée/Abstract:

A sensor head with multiple sensors for ACFM based crack detection and sizing. An alternating current electromagnetic yoke Is

used to Induce a uniform magnetic field on the surface of the test piece. A reference colil In the sensor head detects tr
background field strength of the magnetic field. Multiple sensors, the axis of each of which Is In an angled relationship to tr
reference coll, detect variations In the magnetic field. The sensor coll axes can be chosen to detect and size both angled ar
straight cracks.
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ABSTRACT

A sensor head with multiple sensors for ACFM based crack
detection and sizing. An alternating current electromagnetic
yoke is used to induce a uniform magnetic field on the surface of
the test piece. A reference coil in the sensor head detects the
background field strength of the magnetic field. Multiple
sensors, the axis of each of which is 1n an angled relationship

to the reference coil, detect variations in the magnetic field.

The sensor coil axes can be chosen to detect and size both angiled

and straight cracks.
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SENSOR HEAD FOR ACFM BASED CRACK DETECTION

Field of Invention

This invention relates to the detection and sizing of cracks 1in
metals using alternating current field measurement methods, and

more specifically, to a sensor head and equipment to be used with

such methods.
Description of the Related Prior Art

Alternating Current Field Measurement (ACFM) techniques for non-
destructive testing are well-known in the industrial world. They
have been extensively used in detecting cracks in metals located
in inaccessible places such as underneath the sea. They have
also been used to detect minute cracks in components such as
aircraft skins, pipe surfaces, and the like. However, while the
ACFM technique works well, there are some drawbacks with the
equipment currently used in applying the techniques. To explailn

these drawbacks, an explanation of the ACFM technique 1s

required.

The ACFM technique is an electromagnetic non-contacting technique
which was developed to detect and size surface breaking defects
occurring in different materials and through coatings of various
thicknesses. The technique is based on the principle that a

current induced in a material produces a magnetic field.

Disturbances or singularities in the material cause varilances in

an otherwise relatively uniform magnetic field. By detecting and

measuring these magnetic field variances, defects in the material

can be found. Using ACFM, sensors are used to measure the
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magnetic field above the test area and thereby to detect defects.
However, sensors currently being used in ACFM based equlpment can
only detect and size a specific type of crack. These sensors can
detect and size cracks, such as stress or corrosion cracks, 1in
test materials. However, while they can detect slanted cracks,

these sensors cannot size slanted cracks nor can they determine

the angle of inclination of these cracks. In this context, a
straight crack is a crack that is substantially perpendicular to

the surface of the material. A slanted crack is a crack that 1s

at an angle to the surface of the material.

One such sensor is that disclosed by Topp and Lugg 1in EP
Application 0 566 624 filed 10 January 1992. In this

application, the sensor is comprised of two coils at right angles
whose axes intersect at a common central point. As noted above,

this sensor arrangement can only detect and size straight cracks.

Accordingly, there is a requirement for a sensor arrangement and
equipment which can be used with ACFM techniques to detect and

size all types and configurations of cracks.

Summary of the Invention

The present invention seeks to provide a sensor head in which
multiple sensors are arranged to detect and size slanted cracks
by detecting different components of variations 1n the magnetilic
field produced by the alternating current. A yoke 1s used to
induce a uniform alternating current in the test material. A
reference coil detects the background field strength of the
magnetic field in the horizontal direction. The multiple sensor
coils, the axis of each of which is in an angled relationship

with the reference coil axis, detects variations in the magnetic
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field in the vertical plane at different angles. One of the

sensor coils can be perpendicular to both the yoke axis and the
reference coil axis and can detect and size straight cracks.
Other sensor coils, having axes angled away from this first

sensor coll, can detect and size angled cracks.

In a first embodiment, the present invention provides a Sensor

head for detecting variations in a magnetic field induced on the
surface of a test piliece by a current produced by an

electromagnetic elongated yoke, the sensor head comprising

a reference coll for sensing magnetic fields produced by the
current, the reference coil having a longitudinal axls parallel
to a longitudinal axis of the elongated yoke, and the reference
coll being disposed between the yoke and the test pilece;

a plurality of sensor coils for sensing variations 1n

magnetic fields, each sensor coil having a longitudinal axis
which intersects the longitudinal axis of the reference coil, and
each sensor coil being positioned between the reference coil and
the yoke; and

mounting means for mounting the reference coi1il and the
plurality of sensor coils 1n the sensor head,
wherein at least one of the plurality of sensor coils has a

longitudinal axis oriented other than perpendicular to the

longitudinal axis of the reference coil.

-

n a second embodiment, the present 1nvention provides an ACEM
testing module for testing a test pliece, the module comprising:
an electromagnetic elongated yoke;
a reference coill having a longitudinal axils parallel to a
longitudinal axis of the yoke, the reference coil being disposed

between the yoke and the test plece;
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a plurality of sensor coils, each sensor coil having a

longitudinal axis which intersects the longitudinal axis of the

reference coil and each sensor coil being positioned between the
reference coll and the yoke;
power supply means providing electrical power to the yoke;
measurement means, the measurement means being coupled
separately to the reference coil and to each sensor coil; and
mounting means for mounting the reference coil and the

—

plurality of sensor coils 1n a sensor head.

ITn a third embodiment, the present invention provides a sensor

head for use with ACFM crack detection and sizing and for use
with an electromagnetic elongated yoke inducing a current sheet
in a test piece, the head comprising:

a reference coil having a longitudinal axis parallel to a

longitudinal axis of the vyoke, the reference coil beilng
positioned between the test piece and the yoke;

at least three sensor coills, each sensor coil having a
longitudinal axis which is perpendicular to the longitudinal axis

of the reference coil, each sensor coil being positioned between

the reference coll and the yoke; and

mounting means for mounting the reference coil and the at
least three sensor coils 1n the sensor head;
wherein the longitudinal axes of the at least three sensor coils
are located in a plane perpendicular to the longitudinal axis of

the reference coil.

In a fourth embodiment, the 1nvention provides a method of

detecting and sizing defects 1n or near a surface of a test
piece, said method comprising:

a) energizing a yoke to induce a uniform alternating current on

4
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the surface of the test piece;
b) positioning a reference coil such that a longitudinal axis
of the reference coil is parallel to a longitudinal axis of the
voke;

c) positioning at least two sensor coils with their axes at an
angle to the reference coil axis, such that the axis of at least

one sensor coil 1s oriented other than perpendicular to the

reference coll axils;
d) moving the sensor head across the surface of the test pilece;

e) detecting variations in electromotive force induced in the

reference coil;

f) measuring the variations detected 1n step e);

Jg) detecting variations in electromotive force induced 1n the
sensor colls;

h) measuring the variations detected 1n step g):; and

1) processing data obtained in steps f) and h) to determine a

p—

presence and a size of a defect on the surface of the test pilece.

Brief Description of the Drawings

The i1nvention will now be described with reference to the

following drawings 1in which:

Figure 1 1s a block diagram of a module for ACFM crack detection;
Figure 2 1is a side view of a sensor head to be used with the

module 1n Figure 1;

Figure 3 1s an end view of a sensor colil configuration;

Figure 4 1s a side view of the configuration 1llustrated 1in

Figure 3;

Figure 5 1s a side view of another configuration of sensor colls

1n a sensor head;
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Figure 6 1s a top view of the sensor coil configuration

illustrated in Figure 5;

P

Figure 7 is an end view of another embodiment of the sensor coil

configuration shown in Figure 3; and

Figure 8 is an end view of a five sensor coil configuration.

Detailed Description of the Invention

Referring to Figure 1, a block diagram is shown of a module 10
for ACFM based crack detection and sizing. An alternating current
power supply means 20 i1s coupled to a winding on the yoke 30.
The yoke 30 induces a current field 40 which, 1n turn produces,

either directly or indirectly, a number of magnetic fields 50.

These magnetic fields 50 and the variations 1n them are detected
by both a reference coil 60 and a plurality of sensor coils 1n
the sensor coil assembly 70. The wvariations are measured by a
measurement means 80 such as a voltmeter for measuring small
voltages. The vyoke 30, the sensor coil assembly 70 and the

reference coil 60 are combined in a single sensor head 90. The

module 10 1s used by first arranging, 1f possible, the sensor
coll assembly 70 to obtain the best reading of the expected

magnetic fields. The yoke 30 is then energized to induce the

current fileld 40, and the associated magnetic fields 50. To
measure these magnetic fields and thelr variations, the sensor
head 90 i1s moved across the surface of the test piece 100 (shown
in Figure 2). The sensor coll assembly 70 and the reference coil

00 then generate a voltage 1n response to any variations 1in the

magnetic fields caused by a surface defect, such as a crack.

These voltage variatlons are retrieved by the data acgquisition

means 81 in the measurement means 80, and then transferred to the

data processing means 82 for conversion 1nto a crack topography

6
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map in a desired format. By measuring these voltage variations,

the location, size, depth, and orientation of the crack can be

obtalined.

Experiments have been successfully conducted using a Kelthley
(TM) multimeter 2010 as the measurement means with the multimeter
having a precision of 100 nV. The power supply means provided

the yoke 30 with 5 kHz, 10A, 0.2 V AC current.

A configuration for a sensor head 90 is shown 1n Figures 2 and 3.

The axis 61 of the reference coil 60 must be parallel to the

g

axis 31 of the yoke 30 so that the reference coil 60 can provide

a signal indicative of the background magnetic field strength 1in
the horizontal direction. The yoke 30 is a ferromagnetic strip

with two angled ends 110. Wrapped around the vyoke 30 are

sufficient turns 120 of copper wire to provide a suitable field

strength on the surface of the test piece 100.

The reference coil 60, and the sensor coils 71, 72, 73 1n the
sensor coill assembly 70 are each essentially a coil of wire

wrapped around a suilitable form to provide a generally circular

cross—-section. While an air-core coll 1s preferable, other types
of coils are acceptable as long as these coils are capable of

responding to small magnitude magnetic fields. Experiments have

shown that multiple turns of very fine wire around a small paper

core 1s acceptable.

In one setup, the yoke 30 utilized a ferritic core with 44 turns
of 20 AWG gauge wire 1in a single layer. The yoke was 44 mm 1in
length, 32 mm in width, and had a height of 3 mm. The reference

coil 60 was an air core centered coil having 4 layers of wire

7
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with each layer having 30 turns of 38 AWG gauge wire. The

reference coil was approximately 8 mm long and had a dliameter of

3 mm.

In the same setup, each sensor coil was also an alr core centered
coil with 4 layers of wire. Each layer had 50 turns of 38 AWG

gauge wire with each coil being approximately 4 mm i1n length and

g

having a diameter of about 2 mm.

General configurations of the reference coilil 60 and the sensor

coils in the sensor coil assembly 70 can take many forms. A
preferable embodiment, shown as an end view 1n Figure 3 and 1n
side view in Figure 4, illustrates three sensor coils 71, 72, 73
with a first sensor coil 71 being perpendicular to the
reference coil 60. For ease of reference, the longitudinal axes

g

of the sensor coils 71, 72, 73 and of the reference coil 60 will

be used to define their positioning and placement.

Figure 3 shows that the longitudinal axes 74, 75, 76 of the

sensor coils 71,72,73 respectively are perpendicular to the

F

longitudinal axis 61 of the reference coil 60; in Figure 3 the

pr—

longitudinal axis 61 of the reference coil 60 1s perpendicular to

the plane of the paper. Figure 4 shows that the axes 74, 75, 76
of the sensor coils 71, 72, 73 are all contalned 1n a plane 77

which 1s perpendicular to the 1longitudinal axis 61 of the

reference coil 60. Figure 3 also shows that the sensor coils 71,

12, 73 are generally symmetrical relative to the axis 74.

While the configuration i1n Figures 3 and 4 are preferable, other
configurations are also possible. Figure 5 and Figure 6 show

other configurations with three sensor coils 71, 72, 73. Figure

8
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5 shows a side view and Figure 6 shows a plan view. As can be
seen from Figures 5 and 6, the longitudinal axes 74, 75, 7o of
the sensor coils 71, 72, 73 intersect the longiltudinal axils 6l of

the reference coil 60.

Figure 7 shows an alternative arrangement of the sensor coill

configuration of Figure 3. In Figure 7 the angles 0; and 0,

between the axes of the sensor coils 71, 72, and 73 are not

equal. Even when 0, and 0, are the same, it is not necessary that

iy

the angles a; and a, , between the axes of the coils 72, 73 and

the line 190 parallel to the surface 100 of the test piece, are

the same. These angles are chosen to optimize the signals

derived from the sensor coils 71, 72, 73.

Figure 8 illustrates one embodiment with five sensor coils 170;

this configuration is symmetrical so that each pair of angles X,
X2, Vi, Y2, 21 and z, are equal. It 1s contemplated that at least

one of these pairs may not be equal to the other pairs.

While the above configurations are useful, 1t should be noted

that if the sensor coils 71, 72, 73 are contained 1n a plane, the

F
p—

plane need not be perpendicular to the longitudinal axis 61l of

the reference coil 60. The angle 03 need not be 90" (see Filgure

4) .

The above configurations are possible as fixed configurations for

the sensor coil assembly 70 used 1n the sensor head 90. However,

the sensor coil configuration need not be fixed. The sensor
coils 71, 72, 73 can be movable and lockable to obtain the best

reading of the magnetic field wvariations. Thus, a sensor coil
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assembly 70 can have either a plurality of sensor coils with
reconfigurable positions relative to each other and relative to
the reference coil, or it can have removable sensor colls. Since

the reference coil 60 1is fixed 1n relation to the yoke 30,

different sensor coil configurations can be embodied 1in different

installable sensor coil assemblies.

Any suitable means can be used to mount the sensor coills as long
as the reference coil 60 is stable and the sensor coils 71, 72,

73 are fixed or locked in their positions in use.

It should be noted that in performing the measurement of the
variations in the magnetic fields, noting the location of the
sensor coils 71,72,73 relative to the reference coil 60 1is
crucial. The angles between the axes of the sensor coils 71, 72,
73 relative to the axis of the reference coil 60 must be taken
into consideration when mapping the results obtained. This will

—

allow the accurate determination of the depth, angle relative to

the surface, and path of any surface defect.

10
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What 1s claimed 1is:

1. A sensor head for detecting variations 1in a magnetic
field induced ‘on the surface of a test piece by a current
produced by an electromagnetic elongated yoke, the sensor head
comprising

a reference coil for sensing magnetic flelds produced by
the current, the reference coil having a longitudinal axis
parallel to a longitudinal axis of the elongated yoke, and the
reference coil being disposed between the yoke and the test

plece;

a plurality of sensor coils for sensing variations 1n

magnetic fields, each sensor coil having a longitudinal axis
which intersects the longitudinal axis of the reference coil,
and each sensor coilil belng posilitioned between the reference

coll and the yoke; and

mounting means for mounting the reference coll and the

plurality of sensor colls 1n the sensor head,
wherein at least one of the plurality of sensor coils has a
longitudinal axis oriented other than perpendicular to the

longitudinal axis of the reference coll.

2 . A sensor head as claimed 1n <claim 1 wherelin the
longitudinal axis of at least one sensor coll 1s perpendicular

to the longitudinal axis of the reference coil.

3. A sensor head as c¢laimed 1n claim 1 wherein the

—

longitudinal axis of at least one sensor coll 1s perpendicular

to the longitudinal axis of the reference coil, and

g

substantially perpendicular to the surface of the test piece.

11
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4 . A sensor head as claimed i1n claim 1 wherein the pluralilty

of sensor coills comprises three sensor coils.
5. A sensor head as claimed 1n claim 1 wherein the plurality

of sensor coils comprises five sensor coils.

-l

o. A sensor head as claimed 1n c¢laim

whereln an equal

number of sensor c¢olls 1s positioned on each side of a plane

containing the 1longitudinal axes of both the reference co1il

and the vyoke.

/. A sensor head as 1n claim 1 wherein at least one sensor

coll 1s movable and lockable i1in place.

8. An ACFM testing module for testing a test piece, the
module comprising:

an electromagnetic elongated yoke;

a reference coll having a longitudinal axis parallel to a
longitudinal axis of the vyoke, the reference coll beilng
disposed between the yoke and the test pilece;

three Sensor colls, each Sensor coill having a
longitudinal axis which 1ntersects the 1longitudinal axis of

the reference co1l and each sensor coil being positioned

between the reference coil and the yoke;

power supply means providing power to the yoke;

measurement means coupled separately to the reference

coll and to each sensor coil; and

mounting means for mounting the reference coil and the

three sensor coils 1n a sensor head.

12
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9. An ACFM testing module as claimed 1n claim 8 wherein at

least one of the three sensor coils 1s movable and lockable 1in

place.

10. A sensor head for use with ACFM crack detection and
sizing and for wuse with an electromagnetic elongated vyoke
inducing a current sheet 1n a test piece, the head comprising:

a reference coil having a longitudinal axis parallel to a
longitudinal axis of the vyoke, the reference coll beilng
positioned between the test piece and the yoke;

three Sensor colls, each SEensor coll having a
longitudinal axis at an angle to the longitudinal axis of the

reference coil, each sensor coll being positioned between the

reference coi1l and the yoke; and

mounting means for mounting the reference coil and the
three sensor colls 1n the sensor head;
whereln the 1longiltudinal axes of the three sensor coills are
located in a plane perpendilicular to the longitudinal axis of

the reference coil.

11. A sensor head as 1n claim 10 wherein the longitudinal

P'

axlis of a first sensor coll of the three sensor colls 1is

perpendicular to the longitudinal axis of the reference coil,
and substantially perpendicular to a surface of the test

plece.

12. A sensor head as in claim 10 wherein at least one of the

at least three sensor coils 1s movable and lockable in place.

13
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13. A method of detecting and sizing defects 1n or near a

surface of a test piece, said method comprising:

a) energizing a yoke to induce a uniform alternating current

on the surface of the test piece;.

b) positioning a reference coll such that a longitudinal

axis of the reference coil 1s parallel to a longitudinal axis

of the yoke;

c) positioning at least two sensor coills with their axes at
an angle to the reference coil axis, such that the axis of at

least one sensor coil 1s oriented other than perpendicular to

the reference coil axis;

d) moving the sensor head across the surface of the test
plece;
e) detecting variations 1n electromotive force 1nduced 1in

the reference coil;

f) measuring the variations detected in step e);

g) detecting variations 1n electromotive force induced 1n
the sensor coils;

h) measuring the varlations detected 1n step g); and

1) processing data obtalned 1in steps f) and h) to determine

a presence and a size of a defect on the surface of the test

plece.

14. A method as claimed 1n claim 13 wherein the sensor head

comprises:

a reference coll for sensing magnetic fields produced by
the current, the reference coil having a longitudinal axis
parallel to a longiltudinal axis of the yoke, and the reference

coll being disposed between the yoke and the test piece,

14
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" and

a plurality of sensor coils for sensing variations 1n

magnetic fields, each sensor coill having a longitudinal axis
which 1ntersects the longitudinal ‘axis of the reference coil

and each sensor coil being positioned between the reference

col1l and the yoke, and

mounting means for mounting the reference coil and the

J—

plurality of sensor coils 1n the sensor head.

15
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