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(57) Abrege/Abstract:

An apparatus and method for detection of imperfections by detecting changes In magnetic flux of a magnetized metal body
Includes a housing carrying first and second magnets for magnetizing the metal body that are located adjacent opposite ends of
the housing and a conductor member intermediate the first and second magnets that has a forward end adjacent the metal body
and extends outwardly from the metal body to an outer end of the conductor member. At this outer end there Is provided a third
magnet directing its magnetic field into the conductor member, and at the forward end of the conductor member there Is provided a
magnetic field sensor to detect changes in magnetic field in the metal body generated by the imperfections as the housing is moved
In scanning movement along the metal body.
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ABSTRACT

An apparatus and method for detection of imperfections by detecting
changes in magnetic ﬂ.ux of a magnetized metal body includes a housing carrying first
and second magnets for magnetizing the metal body that are located adjacent opposite
ends of the housing and a conductor member intermediate the first and second
magnets that has a forward end adjacent the metal body and extends outwardly from
the metal body to an outer end of the conductof member. At this outer end there is
provided a third magnet directing its magnetic field into the conductor member, and at
the forward end of the conductor member there is provided a magnetic field sensor to
detect changes in magnetic field in the metal body generated by the imperfections as

the housing is moved in scanning movement along the metal body.
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APPARATUS AND METHOD FOR DETECTION OF IMPERFECTIONS
BY DETECTING CHANGES IN FLUX OF A MAGNETIZED BODY
FIELD OF THE INVENTION .
The present invention relates to an improved method and apparatus for

the detection of defects utilizing non-destructive flux leakage technigues in ferrous

materials.

BACKGROUND

Flux leakage detection devices are used for detecting defects at or below
the surface of objects made of ferromagnetic material, such as metal tubing or piping.
Flat, curved or otherwise continuous ferrous bodies as well as continuous welds are
also susceptible to inspection by this method. A magnetic field is induced in the body
being inspected and a flux leakage sensor is used to detect changes in the magnetic
field near the surface of the body. Discontinuities below the surface of a magnetized
material are known to cause variations in the magnetic field above its surface and can
therefore be detected by the sensor. These devices are therefore passed over the
surface area of the body being tested In order to locate defects therein. Pr‘ibr art
methods and devices for flux leakage detection have proven useful but leave much

room for improvement in multiple areas.

SUMMARY QF THE INVENTION

According to an aspect of the invention there is provided apparatus for
detecting imperfections in an elongate metal body comprising:
a non-ferromagnetic housing having a surface for location in contact with

or immediately adjacent {o a surface of the metal body for movement along the body in
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a scanning action;

a first magnet arranged on the housing adjacent a forward end of the

housing at a position closely adjacent the metal body so as to apply a magnetic field in

the body;

a second magnet arranged on the housing adjacent a rearward end of the
housing at 'a position closely adjacent the metal body $0 as to apply a magnetic field in
the body;

a ferromagnetic conductor member located on the housing intermediate
the first and second magnets having a forward end adjacent the metal body and
extending in a direction outwardly away from the metal body to an outer end;

a third magnet located at the outer end of the conductor member so as to
direct a magnetic field into the conductor member;

and a magnetic field sensor located at the forward end of the conductor
member;

whereby the sensor detects changes in magnetic‘field in the metal body
generated by the imperfectioné as the housing is moved in scanning movement along
the metal body.

According to another aspect of the invention there is provided a method
for detecting imperfections in an elongate metal body comprising:

locating a first magnet arranged on a housing adjacent a forward end of
the housing at a position closely adjacent the metal body so as to apply a magnetic field

within in the body;
locating a second magnet arranged on the housing adjacent a rearward

end of the housing at a position closely adjacent the metal body so as to apply a

magnetic field within the body;
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locating a ferromagnetic conductor member on the housing intermediate
the first and second magnets having a forward end adjacent the metal body and
extending in a direction outwardly away from the metal body to an outer end;'

locating a third magnet located at the outer end of the conductor member
sO as to direct a magnetic field into the conductor member;

and detecting changes in magnetic field in the metal body generated by
the imperfections as the housing is moved in scanning movement along the metal body.

The term imperfections used herein is intended to include any changes in
homogeneity of the metal body provided by cracks, pits, impurities, reductions In
thickness for example caused by wear, poor weldments, and any other effects for which
scanning of the body is required. The body can be a bar, fod, strap, tube, plate or any
other shape of body including rectangular, circular.

‘ - By this arrangement there is provided the magnetic field sensor for
detecting imperfections that is in a location where a substantial amount of magnetic flux
is passing through and out of the metal body, as generated by the first and second
magnets on either side of the sensor and the third magnet which is substantially aligned

with the sensor generally in a radial direction from the metal body. Thus effectively the

sensor is positioned in a path of the third magnet's magnetic field, with the conductor

member acting to further focus or concentrate this magnetic field at the location where
the sensor lies.

In one arrangement there is provided a plurality of conductor members
and sensors at angularly spaced positions around a longitudinal axis of the housing
extending along the metal boay.

Preferably the magnets and the sensor are non-contact with respect to

the metal body and therefore spaced from the metal body.
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The magnets may be permanént magnets.

The sensor may be a Hall Effect sensor.

The first magnet may be a first toroidal magnet arranged fo surround the
metal body, and the second magnet may be a second toroidal magnet arranged to
surround the metal body.

The ma'gnets each may be formed by a coil comprising a plurality of

windings of wire arranged to be energized by an electric current for example DC current,

‘a pulsing current, or a modulated frequency current that induces the magnetic field of

the respective magnet.

Preferably the conductor member carries the third magnet at a position
spaced outwardly from the metal body at a distance greater than that of the first and
second magnets.

Preferably the sensor is located between the conductor member and the
metal body. \

The conductor member may be a ferromagnetic rod.

Preferably the first and second magnets have a magnetic pole
immediately adjacent the metal body.

The housing is arranged to be carried in position over the elongate metal
body defining a target of the scanning operation with or without a stand-off, that is a
gap or space between the housing and the body. For example the housing may be
carried in a manner held in wholly épaced relation from the surface of the body.
Alternatively the housing may include rollers arranged for rolling engagement with the

surface of the body.

A plurality of sensors may be arranged in an array on the forward end of

the respective conductive member. The sensors are disposed in the array in a manner
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providing spatial information for example for defect imaging and speed encoding.

BRIEF DESCRIPTION OF THE DRAWINGS

Several arréngements of the invention will now be described In
conjunction with the accompanying drawings in which:

Figure 1 is a prior art illustration of magnetic flux leakage caused by
discontinuities within a test specimen; .

Figure 2 is a perspective view of apparatus according to a first
arrangement of the present invention where certain components are illustrated as
partially transparent for clarity of illustration;

Figure 3 illustrates an apparétus according to a second arrangement of
the present invention where certain components are illustrated as partially transparent
for clarity of illustration;

Figure 4 illustrates an apparatus according to a third arrangement of the
present invention where certain components are illustrated as partially transparent and
others are omitted for clarity of illustration; and

F“igure S illustrates an apparatus according to a fourth arrangement of the
present invention where certain components are illustrated as partially transparent and
others are omitted for clarity of illustration.

In the drawings like characters of reference _i'ndicate corresponding parts

in the different figures.

DETAILED DESCRIPTION
The present invention is based on the concept that the magnetic field

above the surface of a body of magnetizable material having a magnetic field induced
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therein will be of uniform flux except for where disturbed by the presence of
discontinuities in the méterial, also known as imperfections or defects. This concept is
illustrated in Figure 1 where the magnetizable test material 10 is shown with an upper
surface 9. The magnetic flux above the surface 9, indicated by a line 12 remains
uniform, as illustrated by the straight sections of the line, except at points where
discontinuities are present at or beneath the surface 9 of the material 10. The
disturbances 13 above the discontinuities 11 constitute leakage flux which can be
detected using sensors disposed in proximity to the surface 9 of the material 10. A flux
leakage detection device utilizes a magnetizing device for providi'ng a magnetic field in
the test material and a magnetic field sensor for detecting leakage flux above the
material's surface.

In Figures 2 to 5 is illustrated an apparatus generally indicated at 20 for
detecting imperfections in an elongate metal body 10 defining the test material or target
elongated in a longitudinal or axial direction of the body indicated at D. Several specific
arrangements of thfs apparatus are shown all of which share the cémmon features
described below.

The apparatus 20 comprises a first pair of target magnetizing magnets
22, 23 (comprising a first magnet 22 and second maghet 23) which are supported at
spaced locations with respect to the longitudinal or axial direction D and each in a
position closely adjacent but spaced from the metal body 10 for applying a magnetic
field in the body. As such each of the first and the second magnet have a magnetic
pole 22A, 23A immediately adjacent the metal body so as to be facing an outer surface
10A thereof without any other portion of the apparatus in the line of sight between the

respective one of these magnets and their magnetic field and the metal body. Typically

each of the first and second magnets has a pole of common polarity which is facing the
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target body 10.

Intermediate the first pair of target magnetizing magnets 22, 23 is a
ferromagnetic or magnetizable conductor member 26 having a forward end 27A
adjacent but spaced from the metal body 10 and which is elongated from the forward
end 27A in a direction radially outwardly from an axis of the body or the longitudinal/axial
direction D 1o an outer end 27B of the conductor.

A third target magnetizing magnet 29 is located at this outer end 27B of
the conductor member with a magnetic pole 29A in abutment therewith that is of the
common polarity of those poles of the first and second magnets facing the metal test
body. The third magnet’'s magnetic field is directed into the conductor member 26 and
passes through the metal body 10 so as to apply a magnetic field thereto. The
conductor member 26 which forms a rod in the illustrated arrangements acts to focus
or cbncentrate the magnetic field of the third magnet 29 particularly at the forward end
27A of the rod member over that distance between an end of the third magnet which is
proximal to the metal body 10 and the body itself. The ferromagnetic conductor
member 26 has an optimal length between its forward and outer ends so that the
magnetic field is sufficiently focused at the forward end 27A with the appreciation that
the greater the length of the conductor member 26 the more focussed is the magnetic
field of the third magnet passing therethrough.

As the conductor member 26 is elongated and disposed between the third
magnet 29 and the metal body 10 in the radial outward direction relative to the metal
body 10 the third magnet 29 is located at a position spaced outwardly from the metal
body af a distance greater than that of the first and second magnets 22, 23.

In the direct path of the third magnet's magnetic field focussed by the

conductor member there Is located a magnetic field sensor 32 such as a Hall Effect
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sensor at the forward end 27A of the conductor member. The sensor 32 is thus located
so as to be intermediate the conductor member 26 and the metal body 10.

Magnetic field sensors of this type which are arranged {0 measure
magnétic field are commercially available. Full details of the magnetic field sensor itself
are not described in this application since the subject matter of this present application
relates primarily to the mounting of the sensor relative to the target magnetizing
magnets for detection of impérfections in the target body. The sensor is arranged in a
manner so that a signal (typically a voltage) based on the strength of the measured

magnetic field is output so that this signal can be analyzed to ascertain the presence of

an imperfection.

The apparatus 20 includes a non-ferromagnetic housing 35 which
supports at their prescribed positions the first through third target magnetizing magnets
22, 23 and 29, and the conductor member 26. As such the magnetic fields of the target
magnetizing magnets can pass throUgh the housing 35 in a manner which does not
affect the flux of the magnetic field formed between the housing and the magnets and
sensor and does not affect magnetization of the target body.

The housing 35 has a target side surface 37A for location in contact with
or immediately adjacent to the outer surface 10A of the metal body for movement of the
apparatus along the body in a scanning action. For example the housing may be carried
on a track (not shown) holding the housing wholly in spaced relation to the metal body.
Alternatively the housing may comprise rollers (made of non-ferromagnetic material)
arranged to engage the outer surface of the metal body in rolling movement such that
the housing is displaceable along the metal body while in contact therewith.

Adjacent a forward end 38A of the housing is located the first target

magnetizing magnet 22 and adjacent a rearward end 38B of the housing is located the
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second target magnetizing magnet 23. Thus at a central location therebetween on the
housing 35 is located the assembly of the conductor member 26 with the third magnet
29 at the outer end 27B distal to the metal body and the magnetic field sensor at the
forward end 27A proximal and adjacent the body 10. -

A conduit 39 of electrical wires carrying the signal butput by the sensor
32 extends along the conductor member 26 frcm the forward end 27A at the sensor
towards the outer end of the conductor member so that the signal can be analyzed and
displayed by equipment externally of the housing.

As shown In Figure 2 the housing may comprise a unitary body 40
supporting each of the magnetizing magnéts and the conductor rod. The unitary body
means that those portions of the housing immediately surrounding and supporting the
respective target magnetizing magnet form a single interconnected unit even though
the housing may comprise separate sections which are fastened to one another.

The housing may also be collectively formed by a plurality of separate
housing segments 41A-41C which are indirectly linked together for example by being
carried on a common frack system (not shown) which moves the segments in unison
(thereby maintaining the optimal spacing longitudinally of the metal body between the
magnets and central sensor) along the metal body. As more clearly shown in Figure 3
there may be for example a front housing segment 41A defining the forward end of the
housing and which carries the first target magnetizing magnet; a central housing
segment 41C spaced longitudinally rearwardly of the front segment that carries the third
magnet-conductor member-sensor assembly; and a rear housing segment 41B
carrying the second target magnetizing magnet that defines the rear end of the housing

35 and is spaced longitudinally rearwardly of the central segment along the metal body.

In Figure 3 each of the housing segments is toroidal so as to encompass a
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circumference or transverse periphery of the metal body.

The target side surface 37A may follow only a portion of a transverse
periphery of the metal body as shown in Figure 2. Alternatively the target side surface
37A may follow an entirety of the transverse periphery so as to encompass the metal
body circumferentially thereof.

The magnets 22, 23 and 29 may be of a specific type and configured so .
as to direct their respective magnetic field primarily in a single radial direction relative
to the longitudinal axis of the metal body. Typically in this arrangement the target
magnetizing magnets are carried on the housing 35 so as to be located in a common
radial plane containing the axis of the metal body. For example the magnéts are
permanent bar magnets disposed to one side of the metal body 10. Alternatively the
magnets are electromagnetic coils 44 (schematically shown) energized by an electric
current from a current source 45 (schematically shown) with respective coil axes, each
of which extend through a plurality of windings or turns 47 (schematically illustrated) of
wire forming the respective coil, oriented transversely to the axis of the metal body.

Particularly in regard to the first and second target magnetizing magnets,
these magnets 22, 23 may be toroidal magnets each arranged to surround the metal
'body. about its transyerse periphery. In an arrangement where these magnets are
formed by the energized coils the windings or turns of the coil may themselves encircle
the metal body and the coil axis may be coaxial with the longitudinal axis of the body
10.

The electromagnetic coils 44 comprising the plurality of windings or turns

47 of wire are energized by fhe electric current 45 in order to form a magnetic field.

This electric current may be for example a DC current which is inten*nitten‘ﬂy inferrupted

or a modulated frequency current.
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The magnetic field sensor may comprise a single sensor or a plurality of
sensors arranged in an array at the forward end 27A of the conductor member 26. Thus
the sensors arranged in the array are spaced each from the next and located at
longitudinally spaced positions and/or at angularly spaced positions around a
longitudinal axis of the housing which is parallel to that of the target body’s axis and is
extending along the metal body.

In the tllustrated arrangements the sensor occupies only a portion of an
area of the forward end 27A of the conductor member so that a remaining portion of
this area is exposed to the space between the housing and the metal body. Generally
speaking presence of the sensor 32 at the forward end 27A of the housing does not
substantially alter the magnetic field of the third magnet 29 that is directed through the
conductor member 26.

With the plurality of sensors arranged at angularly spaced positions about
the axis of the metal body there is provided a plurality of the conductor members 26, as

shown in Figure 5, each of which has a set of the plurality of the sensors on its forward

end 27A facing the target body’s outer surface 10A. Each conductor member has at its

outer end 27B a third magnetizing magnet so that there is a distinct assembly of the
third magnet-conductor member-sensor at each angular location of the conductor

relative to the metal body.

The apparatus 20 may be operated in a scanning method -according to

the following steps:
locating a first magnet 22 arranged on a housing 35 adjadent a forward
end 38A©f the housing at a position closely adjacent the metal body 10 so as to apply

a magnetic field within in the body;

locating a second magnet 23 arranged on the housing adjacent a
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rearward end 38B of the housing at a position closely adjacent the metal body so as to
apply a magnetic field within the body;

locating a ferromagnetic conductor member 26 on the housing 35
intermediate the first and second magnets having a forward end 27A adjacent the metal
body and extending in a direction outwardly away from the metai body 10 to an outer
end 27B;

locating a third magnet 29 located at the outer end 27B of the conductor
member so as to direct a magnetic field inio the conductor member 26;

and detecting changes in magnetic field in the metal body 10 generated
by the imperfections 11 as the housing 35 is moved in the scanning movement along
the metal body.

In performing a scanning action the apparatus 20 is positioned with its
target side surface 37A facing the outer surface 10A of the body so that a longitudinal
axis of the housing is parallel 1o the axis of the body D and located in a radial plane of
containing the body axis. (Typically the longitudinal axis of the housing will be coaxial
to that of the metal body 10.) With each of the first through third magnets 22, 23, and
29 applying their respective magnetic field to the metal body so as to induce a magnefic
field therein, the housing 35 is displaced in scanning movement along the metal body
dun‘nQ which the sensor 32 detects changes in the magnetic field adjacent the outer
surface 10A of the body in a space between same and the forward end 27A of the
conductor member. More specifically the Hall Effect sensor detects changes in flux of
in the magnetic field passing through this localized space between the metal body and

the sensor that arise from imperfections in the body.

When a plurality of the sensors are provided at angularly spaced positions

spatial information of the body may be obtained for generating an image of the test
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material and any imperfections therein. In an arrangement of the apparatus such as
that illustrated in Figure 2 where the sensor is provided at a common angular position
relative to the body, the housing may be rotated about a pivot axfs defined by the

longitudinal axis of the body so as to provide spatial information about the metal body
5 10.

Since various modifications can be made in my invention as herein above
described, and many apparently widely different embodiments of same made, it is

10 intended that all matter contained in the accompanying specification shall be interpreted

as illustrative only and not in a limiting sense.
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CLAIMS:

1. An apparatus for detecting imperfections in an elongate metal body
comprising:

a non-ferromagnetic housing having a surface for location in contact with
or immediately adjacent to a surface of the metal body for movement along the elongate

metal body in a scanning movement:

a first magnet arranged on the housing adjacent a forward end of the
housing at a position closely adjacent the metal body so as to apply a first magnetic
field in the elongate metal body;

a second magnet arranged on the housing adjacent a rearward end of the
nousing at a position closely adjacent the metal body so as to apply a second magnetic
field in the elongate metal body:

a ferromagnetic conductor member located on the housing intermediate
the first and second magnets having a forward end adjacent the metal body and
extending in a direction outwardly away from the metali body to an outer end:

a third magnet located at the outer end of the ferromagnetic conductor
member so as to direct a third magnetic field into the ferromagnetic conductor member:

and a magnetic field sensor located at the forward end of the
ferromagnetic conductor member:

whereby the magnetic field sensor detects changes in magnetic field in the
metal body generated by the imperfections as the housing is moved in scanning
movement along the metal body.

2. The apparatus according to claim 1 wherein each of said magnets

CA 2953295 2017-10-16
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IS a permanent magnet.

3. The apparatus according to claim 1 wherein each of said magnets
comprises a coil comprising a plurality of windings of wire arranged to be energized by

an electric current.

4. The apparatus accerding to any one of claims 1 to 3 wherein the
magnetic field sensor is a Hall Effect sensor.

5. The apparatus according to any one of claims 1 to 4 wherein the
first magnet is a first toroidal magnet arranged to surround the metal body and the
second magnet is a second toroidal magnet arranged to surround the metal body.

0. The apparatus according to any one of claims 1 to 5 wherein the
ferromagnetic conductor member carries the third magnet at a position spaced
outwardly from the metal body at a distance greater than that of the first and second
magnets.

7. The apparatus according to any one of claims 1 to 6 wherein the
magnetic field sensor is located between the ferromagnetic conductor member and the
metal body.

8. The apparatus according to any one of claims 1 to 7 wherein the
ferromagnetic conductor member is a rod.

9. The apparatus according to any one of claims 1 to 8 wherein the
first and second magnets each have a respective magnetic pole immediately adjacent
the metal body.

10.  The apparatus according to any one of claims 1 to 9 wherein said

magnetic field sensor comprises one of a plurality of magnetic field sensors arranged in

CA 2953295 2017-10-16
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an array on the forward end of the ferromagnetic conductor member.

11.  The apparatus according to any one of claims 1 to 10 wherein said
ferromagnetic conductor member is one of a plurality of ferromagnetic conductor
members at angularly spaced positions around a longitudinal axis of the housing
extending along the metal body, each said ferromagnetic conductor member including a
respective magnetic field sensor and a respective magnet located at the outer end of
the ferromagnetic conductor member so as to direct a third magnetic field into the
ferromagnetic conductor member.

12.  The apparatus according to any one of claims 1 to 11 wherein the
first magnet is one of a plurality of first magnets arranged at angularly spaced positions
around the metal body to surround the metal body and the second magnet is one of a
plurality of second magnets arranged at angularly spaced positions around the metal

body to surround the metal body.

13. A method for detecting imperfections in an elongate metal body
comprising:

locating a first magnet arranged on a housing adjacent a forward end of
the housing at a position closely adjacent the metal body so as to apply a first magnetic
field within in the elongate metal body;

locating a second magnet arranged on the housing adjacent a rearward
end of the housing at a position closely adjacent the metal body so as to apply a seCOnd
magnetic field within the elongate metal body;

locating a ferromagnetic conductor member on the housing intermediate

CA 2953295 2017-10-16
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the first and second magnets having a forward end adjacent the metat body and
extending in a direction outwardly away from the metal body to an outer end:

locating a third magnet at the outer end of the ferromagnetic conductor
member so as to direct a third magnetic field into the ferromagnetic conductor member:

and detecting changes using a magnetic field sensor in magnetic field in
the metal body generated by the imperfections as the housing is moved in scanning
movement along the metal body.

14.  The method according to claim 13 wherein each of said magnets is
a permanent magnet.

15.  The method according to claim 13 wherein each of said magnets
comprises a coil comprising a plurality of windings of wire arranged to be energized by
an electric current.

16.  The method according to any one of claims 13 to 15 wherein the
magnetic field sensor is a Hall Effect sensor.

17.  The method according to any one of claims 13 to 16 wherein the
first magnet is a first toroidal magnet surrounding the metal pody and the second
magnet is a second toroidal magnet surrounding the metal body.

18.  The method according to any one of claims 13 to 17 wherein the
ferromagnetic conductor member carries the third magnet at a position spaced
outwardly from the metal body at a distance greater than that of the first and second

magnets.

19.  The method according to any one of claims 13 to 18 wherein the

magnetic field sensor is located between the ferromagnetic conductor member and the

CA 2953295 2017-10-16
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metal body.

20. The method according to any one of claims 13 to 19 wherein the

ferromagnetic conductor member is a rod.

2%.  The method according to any one of claims 13 to 20 wherein the
first and second magnets each have a respective magnetic pole immediately adjacent

the metal body.

22. The method according to any one of claims 13 to 21 wherein said
magnetic field sensor comprises one of a plurality of magnetic field sensors arranged in
an array on the forward end of the ferromagnetic conductor member.

23. The method according to any one of claims 13 to 22 wherein said
ferromagnetic conductor member is one of a plurality of ferromagnetic conductor
members at angularly spaced positions around a longitudinal axis of the housing
extending along the metal body, each said ferromagnetic conductor member iIncluding a
respective magnetic field sensor and a respective magnet located at the outer end of
the ferromagnetic conductor member so as to direct a third magnetic field into the
ferromagnetic conductor member.

24.  The method according to any one of claims 13 to 23 wherein the
first magnet is one of a plurality of first magnets arranged at angularly spaced positions
around the metal body to surround the metal body and the second magnet is one of a
plurality of second magnets arranged at angularly spaced positions around the metal

body to surround the metal body:.

CA 2953295 2017-10-16
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