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ULTRASONIC TESTING OF PIPE

Field of the Invention
The present invention relates to a device and apparatus for improving the

positioning and use of ultrasonic testing equipment in pipe defect detection. The
invention finds particular application with seam welded pipe, but it should be
appreciated that the invention is not so limited and may be used with extruded pipe,
whether that pipe be formed from steel, steel alloys, other metals, plastics etc. The
invention will be primarily described, however, with reference to its use with steel seam
welded pipe. In this specification, the term “pipe” will be used to denote both tube and
pipe, whether that tube or pipe is formed by seam welding, extrusion etc.

Background to the Invention

It is well known to defect test pipe, especially pressure pipe. Where the pipe is
to be used in relatively high pressure applications (eg. in oil and gas pipe lines,
chemical plants etc.) it is usually mandatory to test the pipe for defects which might
otherwise give rise to leakage, pipe failure etc. in use. Such leakage or failure can have
catastrophic consequences from both a safety and environmental perspective.

It is known to use ultrasonic inspection of pipe to check for defects, especially
in the case of seam welded pipes. Defects may occur in the unwelded pipe wall
material, but typically occur in and around the seam weld. Usually ultrasonic testing is
employed to detect defects in and around the seam weld as this is the most likely area
for occurrence and failure. Defects may occur parallel to the pipe longitudinal axis
(“longitudinal defects”), perpendicular to this axis (“transverse defects”) and at
orientations between these two (“oblique defects”). Ultrasonic inspection techniques
are able to locate and identify such defects in both welded and unwelded pipe.

Ultrasonic inspection makes use of ultrasonic probes which are typically
positioned in proximity of the pipe which is then moved past the probe. An ultrasonic
probe typically employs a transducer, which usually comprises a piezo-electric crystal
mounted in a plastic support and which is electrically actuated to vibrate and provide
ultrasonic waves. A coupling medium (typically water) is provided between the
transducer and the pipe and typically the waves enter the pipe wall at an angle and
bounce between the outside diameter and inside diameter of the pipe wall. The
soundwaves may be introduced to bounce around the tube’s circumference
(“circumferential testing”) or to move lengthwise through the pipe (“axial testing”). In
either case, when the ultrasonic wave engages a defect (which can include the seam
weld) it will be reflected thereby and bounce back to be received by the transducer.
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Thus, the transducer can act as both an ultrasonic wave generator and a reflected
ultrasonic wave receiver, or a separate receiver can be provided.

Where the reflected ultrasonic wave engages a defect other than a seam weld of
acceptable standard, controllers for the transducer can analyse and differentiate this
reflected sound wave to determine the existence and the location of a defect.

In the mass production of pipe, particularly where long lengths of pipe are
produced, bending, undulations and surface irregularities can be introduced into the
pipe due to pipe forming inaccuracies or differential cooling throughout the pipe length,
especially in the vicinity of the weld where present. Defects can also be caused by
other pipe process steps, including seam welding irregularities, steel making
trregularities and burring of pipe ends where the pipe lengths are cut. Such defects can
interfere with known ultrasonic testing equipment.

For example, known ultrasonic transducers must be positioned inset from a cut
pipe end during feeding of a pipe past the ultrasonic equipment because the ends of the
pipe otherwise interfere with and can damage the transducers in use. Also, known
transducers can experience difficulties when hindrances to relative transducer
movement over the pipe surface are engaged, again leading to either loss of inspection,
false readings, damage to the transducer, or all of these.

Summary of the Invention

In a first aspect the present invention provides a device for supporting an
ultrasonic transducer used for ultrasonic defect testing of pipe, the device comprising:

- atransducer locating portion adapted for positioning adjacent to a pipe to
locate the transducer in proximity of the pipe; and

- a guide surface associated with the transducer locating portion such that, when
the device is moved relative to the pipe, the guide surface can engage and
traverse hindrances in the pipe to such relative device movement.

The term “hindrances” is to be interpreted broadly and includes surface
undulations and bevels at the ends of, or along a pipe, external surface defects in the
pipe, and bumps, curvatures, bends etc. in the pipe external surface or wall etc., and
which may otherwise interfere with the smooth traversing of an ultrasonic transducer
across a pipe surface.

In addition, reference to a “relative” movement between the device and pipe
indicates that the device can be moved along or around the pipe, or the pipe can be
moved with respect to a fixed device, or any combination of these movements.
Typically in use the pipe is moved lengthwise past the device, and typically the device
is moved around the pipe.
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Advantageously the present invention allows for the close positioning of an
ultrasonic transducer (or other probe) to a pipe external surface, and the maintaining of
this close positioning, thereby enhancing the effectiveness of ultrasonic signal
propagation and signal receipt, and maximising coupling therebetween. In addition,
because the guide surface may ride over initial pipe end hindrances, such as a bevel cut
thereat, ultrasonic testing may commence at the beginning of a pipe section and
continue right through to the opposing end of a pipe section, thus testing for any defects
which may be present in those regions, and hence testing for a full length of pipe.

Whilst typically the device is used for positioning of an ultrasonic transducer in
proximity of a pipe, the device can be used for positioning other probes in proximity of
a pipe (eg. a pipe thickness probe, temperature probe etc). Thus, the terminology
“transducer locating portion” should be interpreted to broadly to include a portion that
allows for the location and positioning adjacent to a pipe of probes etc that employ
other than transducers.

Preferably the guide surface is located forwardly in the transducer locating
portion when the device is moved relatively lengthwise along the pipe. However, the
guide surface may also or alternatively be located in either or both of lateral (side)
regions of the transducer locating portion (eg. for relative rotational movement of the
device around a pipe). The guide surface may also be located rearwardly in the
transducer locating portion, for example, where the device is moved relatively
rearwardly back along the pipe (eg. to retest a section). Typically, however, the guide
surface is at least located forwardly in a transducer locating portion as such location
adequately allows traversing of most pipe hindrances (including the hindrances at the
ends of a pipe).

Preferably in use the guide surface extends obliquely with respect to a
longitudinal axis of the pipe. In this regard, the guide surface can be planar, but may
also be defined by a curved surface.

Preferably the guide surface is defined (i) at an end of the transducer locating
portion, or (ii) as part of a flange extending away from the transducer locating portion.

Preferably in the case of (i) the guide surface is defined as a bevel undercut at
an in-use forward end of the device. Preferably in the case of (ii) the flange extends
away from an in-use forward end of the device and away from the pipe, and the guide
surface is defined on a side of the flange facing the pipe. Preferably the guide surface in
(i) and (ii) is planar. Thus, the guide surface can be formed on part of the transducer
locating portion or may be formed on a flange or other element extending away from
the transducer locating portion.

Preferably a transducer locator element is disposed within the transducer
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locating portion, into which element the transducer is mountingly located in use. The
transducer locator element is typically arranged such that when the transducer is
positioned therein, and when the device is moved to its in use position with reference to
a pipe, the transducer is disposed in close proximity to the pipe external surface.

Preferably the transducer locator element laterally surrounds the transducer
and is formed from a material resistant to the propagation of ultrasonic waves
therethrough, such that ultrasonic waves are not directed laterally through the device in
use. In this regard, the transducer locator element is preferably formed from a ring of
polymeric material (eg. a polyurethane) positionable in a body of the transducer locator
portion.

Preferably the transducer locating portion includes a curved in-use underside
face for close-facing positioning with the pipe. Typically the curved surface is defined
by a radius that is closely matched to a radius defining the external surface of the pipe.
Again, this enables for close coupling between the transducer and the pipe.

Typically the device is adapted for mounting in an apparatus for moving the
device relatively along and/or around and/or towards or away from the pipe in use. In
this regard, typically the pipe is advanced into the apparatus (to be advanced past the
transducer supporting device). Preferably the apparatus then moves the device towards
or away from the pipe, or around the pipe in use. However, other variations are
possible as described hereafter.

Preferably a plurality of ultrasonic transducer supporting devices are
mountable in the apparatus.

In a second aspect the present invention provides an apparatus for rotationally
positioning one or more ultrasonic transducer supporting devices in proximity of a pipe
to enable ulirasonic defect testing thereof, the apparatus comprising means for rotating
the or each device around at least part of the pipe’s circumference whilst maintaining
the or each device in proximity of the pipe.

Advantageously, the apparatus of the second aspect allows for ultrasonic
inspection of pipe to be performed at a number of rotational positions around the pipe.
In addition, the apparatus allows a pipe weld seam to be tracked by a transducer during
pipe movement therepast (eg. where the seam is non-linear). For example, in a typical
ultrasonic inspection of seam welded pipe, one or more ultrasonic transducers are
initially located at or adjacent to a top dead centre of a pipe, with the seam weld also
desirably being aligned with top dead centre. However, sometimes during pipe feed the
seam weld is misaligned with top dead centre, or becomes misaligned because of pipe
bowing or bending, or seam spiralling. Advantageously, the apparatus of the second
aspect allows for ultrasonic inspection of pipe to be performed at different rotational
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positions that are in alignment with the misaligned seam weld. This allows for seam
weld tracking and provides for a more efficient test procedure.

Typically the pipe is advanced into the apparatus, but the apparatus may also
be advanced along the pipe.

Preferably the or each device is mounted to a carriage and the rotating means
is in part incorporated into the carriage to enable the rotation of the or each device about
the pipe. Mounting of the or each device in a carriage provides for greater rotational
positional control as described hereafter.

Typically one or more pairs of ultrasonic transducer supporting devices are
mounted to the carriage and preferably the carriage is configured such that, as a given
device pair is moved relative to the pipe (eg. longitudinally or rotationally), the distance
between each device in the pair is substantially preserved. In this regard, as the devices
engage surface irregularities etc. the distance between each device in a given pair
essentially remains a constant (although there may be infinitesimal distance changes as
one device in the pair raises or lowers in respect to the pipe, relative to the other).
Configuring the carriage in this manner has the advantage of maintaining a constant
ultrasonic beam path between the devices in the pair, and hence a high integrity of
ultrasonic testing is achieved.

In this regard, in a third aspect, the present invention provides an apparatus for
positioning one or more ultrasonic transducer supporting device pairs in proximity of a
pipe to enable ultrasonic defect testing thereof, the apparatus comprising means for
maintaining an essentially constant distance between each device in a given pair in use.

Preferably in the third aspect the one or more device pairs are mounted to a
carriage and preferably the carriage includes the rotating means of the second aspect.

Preferably in both the second and third aspects the carriage comprises a first
mounting section to which the or each device (or the or each device pair) is pivotally
mounted, an intermediate mounting section to which the first mounting section is
pivotally mounted, and a second mounting section to which the intermediate mounting
section is hinged for pivoting therearound. Whilst the intermediate mounting section
can be omitted, it is typically employed to provide the carriage with an extra degree of
pivoting movement.

Preferably rotation of the or each device around the pipe from a top dead
centre position is effected by moving the second mounting section laterally with respect
to the pipe to thereby cause the intermediate mounting section to pivot with respect to
the second mounting section, and cause either or both of:

- the first mounting section to pivot downwardly with respect to the intermediate

mounting section;
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- the or each device to pivot downwardly with respect to the first mounting section;
thus moving the device(s) down and around the pipe whilst maintaining device
proximity to an external surface of the pipe.

Preferably guide rollers are provided at opposite ends of the first mounting
section for riding along the pipe external surface during relative movement between the
pipe and the or each device, with the or each device being located on the first mounting
section between the guide rollers. Thus, when the second mounting section is moved
laterally with respect to the pipe, the guide rollers engage the pipe and cause the
intermediate mounting section to pivot with respect to the second mounting section. The
guide rollers can also facilitate rapid initial pipe alignment with the apparatus.

Preferably each guide roller is a V roller, having a V-shaped circumferential
groove extending therearound between its ends, and into which groove the pipe is
received in use. Preferably each roller is formed from an elastomeric material to
facilitate rolling and lateral engagement with the pipe external surface.

Preferably the or each device is pivotally mounted to the first mounting
section via a respective connecting arm behind which the device trails during relative
movement between the device and the pipe. The connecting arm allows for individual
device pivotal movement during relative device movement along or rotation around the
pipe, and allows for controlled individual device displacement when traversing a
hindrance. Typically each connecting arm for a given device pair is pivotally mounted
via a threaded coupling to an externally threaded pin, which is in turn mounted to a
cross bar of the carriage so that each device pair is supported in relation to the same
cross bar. Preferably the threads are configured such that, as a given device pair is
moved relative to the pipe (eg. longitudinally or rotationally), the distance between each
device in the pair is substantially preserved. This arrangement provides a means by
which a constant ultrasonic beam path is maintained between the devices in the pair, so
that a high integrity of ultrasonic testing is achieved.

Preferably the first mounting section is pivotally mounted to the intermediate
mounting section via respective coupling arm pairs behind which the first mounting
section trails during relative movement between the device and the pipe. Again, the
coupling arm pairs allow for pivotal movement of the first mounting section during
movement along or rotation around the pipe, and allow for controlled multiple device
displacement when traversing a hindrance.

Preferably the second mounting section is mounted to a framework that
supports means for moving the second mounting section laterally with respect to the
framework (and thereby moving the or each device laterally with respect to the pipe).
Preferably the second mounting section is coupled to the lateral moving means which is



10

15

20

25

30

35

WO 2004/106802 PCT/AU2004/000620

-7 -

in turn mounted to the framework. The lateral moving means allows for relatively fine
adjustment of the or each device with respect to a pipe (eg. to track a seam weld during
pipe movement therepast). Whilst typically the second mounting section (and thus the
or each device) is moved laterally with respect to the framework, the pipe may
alternatively be moved laterally with respect to the or each device.

Preferably the lateral moving means includes an actuating arm for moving the
second mounting section along a slide mount of the framework, thereby moving the or
each device laterally sideways. Preferably the actuating arm is an externally threaded
rod that is rotated by a drive motor located on the framework, the rod engaging the
second mounting section to cause said lateral movement.

Preferably the apparatus of the second aspect further comprises means for
raising and lowering the framework (and thus the or each device) relative to the pipe to
initially posiﬁon the or each device in proximity of the pipe (ie. prior to feeding pipe
through the apparatus).

Preferably the raising/lowering means is coupled to and acts on a supporting
infrastructure to which the framework is supportingly mounted, the raising/lowering
means in turn being mounted to an apparatus support frame with respect to which the
infrastructure can be raised and lowered by the raising/lowering means. Preferably the
infrastructure comprises a pair of opposing and transversely extending guide members
in which guide rollers of the framework are supported to facilitate movement of the
apparatus in the apparatus support frame.

Preferably movement of the framework on the guide rollers is caused by a
drive motor mounted on the framework engaging a fixed (eg. externally threaded) rod
extending across the apparatus support frame. Such movement allows for relatively
coarse lateral adjustment of the or each device with respect to a pipe (eg. to preliminary
locate the apparatus above a pipe to be tested, but also to move the apparatus out of pipe
proximity (eg. for off-line calibration, service/maintenance, adjustment etc)).

Preferably the raising/lowering means includes two pairs of opposing screw
jacks, each pair being mounted to the support frame and engageable by a respective
motor driven gear rod extending across the apparatus support frame, the rotation of
which causes each screw jack pair to raise or lower a respective guide member and
thereby cause movement of the infrastructure up and down with respect to the apparatus
support frame (which thereby causes raising and lowering of the carriage to raise and
lower the or each device).

Preferably a plurality of devices or device pairs are arranged lengthwise in the
carriage to be in alignment with a longitudinal axis of the pipe in use. The use of device
pairs arranged laterally side-by-side allows for testing of opposite pipe halves and for



10

15

20

25

30

35

WO 2004/106802 PCT/AU2004/000620

- 8 -

verification and comparison of located defects. The lengthwise arrangement of a
number of transducer supporting devices enables an increased length of pipe to be
tested, resulting in more rapid testing of the whole pipe.

Preferably the apparatus is adapted in use such that the pipe can be fed through
the apparatus lengthwise and such that the or each device can be brought into proximity
with the leading end of the pipe, and maintained in proximity of the pipe, until a trailing
end of the pipe moves past the or each device. Thus, a whole length of pipe can be
ultrasonically tested in the apparatus in accordance with the present invention.

Typically the or each ultrasonic transducer supporting device used in the
apparatus of the second aspect is as defined in the first aspect of the invention.

In a third aspect the present invention provides an arrangement for ultrasonic
defect testing of a length of pipe comprising:

- asupport frame in which two or more carriages can be supported and moved,
each carriage supporting one or more ultrasonic transducers for positioning in
proximity of the pipe; and

- means for positioning a length of pipe in proximity with one of the carriages.
Advantageously whilst one pipe section is being tested with one of the

carriages, the or each other carriage can be prepared (eg. calibrated) for detecting a
same or different sized or type of pipe, or can be serviced, repaired etc. whilst not in use
(ie. whilst off-line).

In this regard, preferably the means for positioning the pipe length comprises a
pipe support for feeding the pipe into and supporting the pipe whilst in the arrangement,
and a carriage moving means operable between each carriage and the support frame for
moving a given carriage into proximity of a pipe in the pipe support. Preferably the
carriage moving means moves the carriages with respect to the support frame and
preferably comprises the guide members, guide rollers, framework, drive motor and
fixed rod extending across the support frame as per the second aspect of the invention.

Alternatively the means for positioning the pipe length can be laterally
moveable with respect to the framework, such that when aligned with one of the
carriages, the or each other carriage is freely accessible (eg. for adjustment, service,
repair, maintenance etc.). As a further alternative, both the support frame and the
advancing means can be laterally moveable.

Preferably the two or more carriages are arranged parallel to each other in the
support frame, providing a simple constructional arrangement. In this regard, the
carriage moving means can move the two or more carriages simultaneously to change
pipe proximity from one carriage to another.

Typically each carriage of the third aspect is as defined in the second aspect,
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with the support frame of the third aspect able to support the apparatus of the second
aspect. Preferably the one or more ultrasonic transducers referred to in the third aspect
are located in a supporting device as defined for the first aspect, with each carriage
supporting one or more such devices.

Brief Description of the Drawings
Notwithstanding any other forms which may fall within the scope of the

present invention, preferred forms of the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:

Figure 1 shows a sectional side view, taken on the line 1-1 of Figure 2, of a first
ultrasonic transducer supporting device in accordance with the present invention;
Figure 2 shows an unsectioned plan view of the device of Figure 1;

Figure 3 shows a sectional end view of the device of Figures 1 and 2, taken on the line
3-3 of Figure 2;

Figure 4 shows an in-use side view of the device of Figure 1 with an ultrasonic
transducer positioned thereon;

Figure 5 shows a similar view to Figure 4 but with a probe positioned thereon (eg. a
pipe thickness probe);

Figure 6 shows a side sectional view, taken on the line 6-6 of Figure 7, of an alternative
transducer supporting device in accordance with the present invention;

Figure 7 shows an unsectioned plan view of the device of Figure 6;

Figure 8 shows an end sectional view of the device of Figures 6 and 7, taken on the line
8-8 of Figure 7,

Figure 9 shows a front view of apparatus for rotationaly positioning one or more
ultrasonic transducer supporting devices (eg. of Figures 1 to 5) in proximity of a pipe in
accordance with the invention;

Figure 10 shows a front view detail of part of the apparatus of Figure 9, being part of
apparatus for laterally moving and locating a carriage in the apparatus of Figure 9 with
respect to a pipe;

Figure 11 shows a side view of the apparatus of Figure 9;

Figure 12 shows a plan view detail of part of the apparatus of Figure 11;

Figure 13 shows a plan view of the apparatus of Figures 9 and 11;

Figures 14 and 15 each show a detail of part of the apparatus of Figure 9 in two
respective and rotationally separate positions with respect to a pipe P;

Figure 16 shows a front view of an arrangement for supporting in parallel two of the
apparatus of Figures 9 to 15;

Figure 17 shows a side view of the apparatus of Figure 16;
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Figure 18 shows an end view detail of part of the apparatus of Figure 16 as viewed from
18-18;

Figure 19 shows a sectional end view of part of the arrangement of Figure 16 and taken
on the line 19-19; and

Figures 20 to 22 show overall front, side and plan views of the arrangement of Figures
16 and 17, illustrating modes of use of the arrangement.

Modes for Carrying Out the Invention

Referring firstly to Figures 1 to 5, a device for supporting an ultrasonic
transducer or other probe is shown in the form of a ski 10. The ski includes a
transducer locating portion in the form of plate 12 having a curved underside face 14
which is shaped to match the external surface of the pipe (ie. the face radius closely
matches the pipe external surface radius).

A specially shaped recess 16 is formed in the plate 12 and into which is
mountingly received a polymeric (typically polyurethane) insert 18 for supporting an
ultrasonic transducer or other probe. The insert is in the form of a ring, so that it
laterally completely surrounds the transducer or probe when positioned therein.
Typically the polyurethane has a surface resistivity of 70 to 80 durometer which has
been found optimal to prevent the transmission of ultrasonic waves therethrough, so that
the transducer may only propagate waves downwardly (and not laterally) from the ski
and into the pipe wall. Mounting holes 20 are also provided in the plate 12 for fixedly
locating bolts 22 of a transducer assembly 24 (Figure 4) or a thickness probe assembly
26 (Figure 5). The underside of insert 18 is curved (Figure 3) as may be the underside
of the transducer or thickness probe (not shown) so that it matches the external pipe
surface curvature.

Mounted (eg. welded) to extend upwardly in use from the plate 12 are a pair of
mounting fingers 28, each having a locating hole 30 therethrough. An annular bearing
assembly 32 (Figures 4 and 5) can be located in each hole 30 to allow for ski rotation
about an axis A (Figures 4 and 5) when each ski is mounted in positioning apparatus (as
described below).

In accordance with the present invention, a guide surface in the form of
undercut bevel 34 is provided (eg. machined) onto an in-use leading or forward end 36
of the ski 10. The bevel 34 facilitates engagement and traversal of any hindrances in
the pipe to relative pipe/ski longitudinal movement. In Figures 1 to 5, bevel 34 is
shown as a planar surface but may also be curved as appropriate. In addition, bevels
may be formed laterally along the ski (eg. as depicted schematically by the dotted line
38 in Figure 3) and even at an in-use rear edge of the ski (rear bevel not shown).
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In use of the ski of Figures 1 to 5, usually a discrete length of pipe is advanced
into and through ultrasonic testing apparatus housing a plurality of the skis 10. In the
continuous seam welding of pipe, discrete lengths of pipe are produced by cutting from
a continuously formed advancing pipe and, during the cutting process, a bevel is
typically formed at the cut end and also surface deformation may occur. When such a
pipe is advanced into conventional ultrasonic testing apparatus, it is necessary to lift the
probes over the pipe end and lower them at a position inset therefrom to prevent
damage to the probes and prevent erratic movement etc.

In accordance with the present invention, however, the end of the pipe
(whether beveled or not) typically engages the probe somewhere along ski bevel 34 and
rides along that bevel until the curved underside face 14 is reached, thereby making for
a smooth transition, and advantageously allowing the transducer to be brought into
contact with a leading end of the pipe length. This therefore enables a full length of
pipe to be tested. In addition, any other hindrances (eg. surface or weld defects,
irregularities, warping, bending etc) can be traversed when they engage against bevel
34, again allowing for a smooth transition of the ski relative to the pipe surface. The
provision of lateral or side bevels 38 helps facilitate rotational movement of the ski 10
about a pipe, such rotational movement being described below.

Typically the forward end 36 of ski 10 tapers inwardly as shown in Figure 2,
the taper functioning to apportion the weight of the ski along its length. This allows the
ski to balance about its transverse pivot (see Figure 12) and, under the effect of gravity,
rotate itself such that its heal tends to first contact the advancing pipe and hence avoid
the hooking of the leading end of the ski into the bore of the pipe which may otherwise
occur, and cause damage to the assembly.

Reference will now be made to Figures 6 to 8, and like reference numerals will
be used to denote similar or like parts. Figures 6 to 8 depict an alternative ski 40 having
a shorter plate 12°. In this embodiment, a flange in the form of angled extension 42
projects away from plate 12”, and the guide surface is provided in the form of underside
44 of extension 42. Figure 6 indicates that extension 42 subtends an optimal angle of
35° with a longitudinal axis through the plate 12’ (and thus with a longitudinal axis of
the pipe), however, other angles can be employed. Underside 44 functions in a similar
way to the bevel 34 of the ski of Figures 1 to 5, and thus that description of hindrance
traversal applies equally to alternate ski 40.

In alternate ski 40, mounting fingers 28 are not shown but may be provided as
appropriate. Alternatively, the transducer assembly or other probe can be mounted to
plate 12’ via mounting holes 20’ and either not be rotatable about an axis A or the
assembly or probe itself may be rotatable.
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Reference will now be made to Figures 9 to 15, where like reference numerals
are used to denote similar or like parts. Figures 9 to 15 show apparatus 50 for
rotationally positioning a plurality of the skis 10 of Figures 1 to 5 about a pipe P (eg. to
allow weld seam tracking). Either a transducer assembly 24 or a thickness probe
assembly 26 can be arranged in each ski.

The apparatus 50 includes a carriage in the form of a carrier 52. Carrier 52
includes a first mounting section in the form of ski support chassis 54. Each ski is
pivotedly mounted to chassis 54 via a respective connecting arm 56 (described below
and shown in detail with reference to Figure 12). Ski support chassis 54 is in turn
pivotedly mounted to an intermediate mounting section in the form of intermediate
frame 58 via coupling arm pairs 59, 60. Intermediate frame 58 is rotatably coupled to a
second mounting section in the form of suspended frame 62 via an opposing hinge pair
arrangement 63,64.

The suspended frame is moveable laterally in the apparatus for fine adjustment
of ski location (eg. to react to seam weld deviations). In this regard, lateral movement
of the suspended frame causes lateral movement of the carrier 52 enabling the skis to be
rotated around the pipe and to track a deviating weld (as described below).

To facilitate and control lateral movement of the suspended frame 62, the
suspended frame is slidably mounted to front and rear support bars 66, 66’ via a pair of
slide couplings 67, 68. Suspended frame 62 is moved laterally left and right (Figure 9)
along support bar 66 via a drive rod 67 which is coupled to the suspended frame 62 and
which is moved laterally left and right by a drive motor 68 and gearbox 69, the rod also
being supported in bearing 70. In this regard, typically the drive rod 67 is externally
threaded such that actuation of the drive motor causes the gearbox to engage the rod and
move it, and hence move the suspended frame.

Referring now to Figures 10 and 11, a position transducer assembly 72 is
depicted, the position transducer enabling the precise location of suspended frame 62 to
be determined and controlled. In this regard, and as best shown in Figure 11, the
position transducer assembly 72 is located behind and is connected via connections 74,
75 adjacent to a rear portion 62’ of the suspended frame 62. Connection 74 is inturn
connected to a rod 76 which slides within position detection tube 78. Tube 78 is
connected to a support arm 80 via a connection 82 and has a lateral position transducer
built thereinto to detect and thus control precise lateral positioning of suspended frame

. 62 and thereby the carrier 52.

Referring again to Figures 9 and 11, support bars 66, 66° are connected at their
ends by respective front and rear connectors 83,84 to rectangular framework 86.
Extending upwardly from the framework and mounted on four respective support
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columns 88 are track wheels 90. The track wheels ride on and are supported by
components of an infrastructure that supports two like apparatus 50 in parallel
operations (described below with reference to Figures 16 to 19). The track wheels
allow the apparatus 50 to be moved laterally in the infrastructure, the lateral movement
being caused by a motor acting on a rod extending through a thrust bearing 91
(described below in Figures 16 to 18). Thrust bearing 91 is mounted on a frame 92
extending between the columns 88. This lateral movement allows for coarse alignment
of the apparatus with a pipe, and with pipe feed apparatus, and also allows for its
movement away from the pipe for apparatus calibration, servicing etc (see Figure 20).

Referring now to Figure 12 (but as also shown in Figures 9 and 11) the ski 10
pivots with respect to ski support chassis 54 via a connecting arm 56. One end of the
connecting arm includes a ring 93 with an internally threaded bush 94 fasteningly
mounted therein. This end of the connecting arm rotates and threadingly engages an
externally threaded pin 96 which is mounted between supports 98, and which in turn are
connected via bracket 100 to connecting post 102. Connecting post 102 is in turn
mounted to ski support chassis 54 as shown in Figure 11 (note: post 102 is omitted from
Figure 9 for clarity). :

As can also be seen in Figure 12, the threads on each pin 96 are parallel to the
other so that as the ring 93 of each connecting arm 56 rotates on its respective pin the
parallel skis are maintained at a constant distance apart and do not collide into each
other. Thus, as the skis engage surface irregularities etc. the distance between each ski
in a given pair essentially remains a constant (allowing for infinitesimal distance
changes as one ski in the pair raises or lowers in respect to the pipe, relative to the
other). Arranging the skis in this manner has the advantage of maintaining a constant
ultrasonic beam path between adjacent skis so that a high integrity of ultrasonic testing
is achieved. )

The opposite end of each connecting arm 56 is provided with a ring 104 into
which two roller bearing assemblies 106 are positioned. A supporting nut and bolt
arrangement 108 extends through ring 104 and the roller bearing assemblies 106 to
provide for a pivotal coupling. The bolt 108 is retained in a ski support plate 110 from
which laterally extends two pairs of ski support arms 111, 112. Pins 114 extend
through those arms, and each mounting finger 28 is arranged to locate between arms
111 or 112 and be retained by pin 114. In addition, a roller bearing 116 is positioned
and retained in the locating hole 30 of each finger 28 to provide for ski rotation about
pins 114 (ie. about axis A).

Thus, a high degree of pivoting and rotational movement is provided to each
ski, and this allows for its precise positioning in proximity of a pipe external surface,
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and further enhances each ski’s capacity to traverse hindrances during relative
movement between the pipe and ski in use.

Referring again to Figures 9, 11 and 13, a pair of V-shaped grooved guide
rollers 118 are mounted at opposite ends of ski support chassis 54, each guide roller
being supported between a pair of downwardly extending posts 120. The guide rollers
facilitate both initial engagement and alignment of the carrier with an advancing pipe
and final pipe disengagement of the carrier. In addition, the guide rollers maintain
carrier alignment with the pipe during relative movement between the carrier and pipe.
Furthermore, during rotation of the carrier around a pipe, the guide rollers, in
conjunction with the skis, facilitate pivoting of parts of the carrier, as described below
with reference to Figures 14 and 15.

As shown in Figures 11 and 13, the carrier is also provided with a single
trailing thickness probe assembly 26 mounted on its own respective ski 10°. The
thickness probe is positioned in use to align with a longitudinal axis L through the
carrier (see Figure 13) which in plan view and in use aligns with a longitudinal axis of a
pipe. With particular reference to Figure 13, where like reference numerals are used to
denote like parts to that of Figure 12, the coupling arrangement of ski 10’ to the carrier
is similar to each of the other skis 10. However, connecting arm 56 has been advanced
along pin 96 so that the axis A through ski 10’ aligns with longitudinal axis L of the
carrier. In addition, the bracket 100 is mounted to a special leg 122 which is bolted at
124 (Figure 11) to a trailing end of ski support chassis 54. Thus, the thickness probe ski
10’ trails behind the trailing roller 118. The thickness probe is provided to measure
seam weld thickness as part of the test procedure to detect for any potential areas of
weakness or irregularity which might lead to pipe failure in use. In other words, the
carrier 52 according to the present invention can be used to support probes and testing
equipment other than ultrasonic defect testing probes.

To move the chassis 54 out of the way of a pipe etc during coarse movement
of the apparatus, or to tilt the chassis for transducer access during servicing etc, an
auxiliary motor 126 can extend from the suspended frame 62 and be connected at its
opposite end to a flange 128 attached to one of the posts 102.

As shown, the carrier locates eight ultrasonic transducer probes in proximity
of a pipe, with typically four being in longitudinal alignment on one side of the seam
weld and four being in alignment on the other side of the seam weld. Thus, at a given
position along the pipe, typically a pair of transducers are positioned on either side of
the seam weld. This arrangement allows for rapid testing of reasonably long lengths of
pipe (eg. typically there is approximately a meter’s length between the leading probe
pair and the trailing probe pair). In addition, it allows for rapid and precise ultrasonic
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circumferential testing and axial testing.

Referring now to Figures 14 and 15, the rotation of the carrier 52 around a
pipe P to track a deviating seam weld SW is schematically illustrated. Figure 14 shows
the carrier 52 in its usual vertical orientation (after both coarse and fine carrier
alignment). This is the carrier orientation adopted when the pipe seam weld SW is
located at top dead centre of the pipe.

Referring now to Figure 15, sometimes the seam weld in an advancing pipe
deviates from top dead centre. This can occur in a number of ways. For example,
deviation can be caused by operator feeding error or apparatus alignment error.
Alternatively, the seam weld can become misaligned due to pipe bowing or seam
spiralling. In any case, the carrier according to the present invention allows for the
ultrasonic transducer support skis 10 to be rotated around the pipe to track the seam
weld and maintain it between a given pair of ulirasonic transducers (as shown in Figure
15). In this regard, the suspended frame 62 is moved laterally with respect to the
framework 86. Because the guide rollers 118, skis 10 and transducers are in frictional
contact with the pipe external surface, they provide resistance to lateral movement,
which is translated from the pipe through connecting arms 56 and coupling arm pairs
59,60 to the suspended frame 62. Thus, during suspended frame lateral movement the
skis retain their contact with the pipe external surface. To allow for this, the
intermediate frame 58 pivots about the hinge pair arrangement 63,64 and, because the
carriage has dipped, the coupling arm pairs 59,60 pivot at their respective ends, to
increase the overall length of the carrier (as shown in Figure 15). Although not
specifically shown in Figure 15, the left hand ski can pivot upwardly on its respective
connecting arm 56 and the right hand ski can pivot downwardly on its respective
connecting arm 56 to maintain the skis in proximity of the pipe external surface.

The apparatus has been designed to allow for up to 20° of rotation of each ski
pair about the pipe external surface, as it is extremely unlikely that the seam weld
misalignment would be ever beyond 20° off top dead centre, but the apparatus can be
adapted for greater rotation if necessary. In addition, the apparatus has been designed
such that tracking of the seam weld can be controlled visually by an operator or
automatically by a sensor that follows a witness line that is offset from the weld
centreline. Typically this witness line is previously applied in conjunction with seam
welding where the actual position of the seam weld centreline is precisely known.

Referring now to Figures 16 to 22, where like reference numerals are used to
denote similar or like parts, a supporting superstructure 150 for two like apparatus 50
operating in parallel is depicted. The supporting superstructure can be adapted for
supporting more than two apparatus but will be described hereafter with reference to the
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support of two apparatus. The supporting superstructure includes an infrastructure 152
for supporting each apparatus 50 and for allowing raising and lowering of each
apparatus in relation to a pipe feed station 154 (Figure 20).

Infrastructure 152 comprises a pair of opposing channels 156, each for
supporting a pair of the track wheels 90 for rolling movement along and within the
channel. As described above, the track wheels 90 allow each apparatus 50 to be moved
laterally from left to right (Figure 16) to align one of the apparatus with pipe feed
station 154, whilst the other apparatus is located off-line for calibration, servicing etc.

Apparatus lateral movement is facilitated as follows. A drive motor 158
(Figure 17) is mounted to a transverse housing member 160 (Figure 16) extending
between the channels 156. The drive motor and a gearing driven thereby is mounted to
support plate 162 extending from housing member 160 (Figure 16) for geared
engagement with a drive rod 164. The drive rod 164 is inturn coupled to left and right
apparatus drive rods 166, 167, which each extend through a respective thrust bearing 91
mounted to each apparatus 50. Thus, rotation of the drive rod 164 and thence the
apparatus drive rods 166, 167 in opposite directions is translated by thrust bearing 91 to
cause each apparatus 50 to move laterally left or right (ie. depending on the rod
rotational direction). Thus, the two apparatus move simultaneously when drive motor
158 is actuated, although each may be independently controlled. For example, each
may have its own respective drive motor associated therewith or, more preferably,
respective drive motors can be located at remote opposing ends of the infrastructure
152. Remote location minimises electrical/electronic interference with the ultrasonic
transducers which can occur when the motors are in too close proximity thereto.

The infrastructure 152 is able to be raised and lowered with respect to the
superstructure 150 to raise and lower apparatus 150. In this regard, the superstructure
150 comprises four uprights 170. Each upright is bolted 172 to the floor of the
ultrasonic testing facility.

As shown in Figure 17, guide frames 174 extend inwardly from each upright
170, with each guide frame having upper and lower stops 175, 176. The stops delimit
the extent of upward and downward movement of the infrastructure 152. In this regard,
buffers 178 are mounted to each channel 156 and engage against the stops 175,176 at
upper and lower limits of infrastructure travel.

To raise and lower infrastructure 152, two pairs of screw jacks 180 are
provided on each side of superstructure 150, each mounted to extend down from cross
frame member 182. Each screw jack comprises a ram 184 which is connected at its
lower end to infrastructure support member 186, with member 186 extending between
and connecting to channels 156 adjacent to ends thereof. In other words, a pair of screw
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jacks is provided at each side of the superstructure (ie. as viewed in Figure 16) to
support opposing ends of each channel and to raise and lower the same.

The rams 184 are driven within each screw jack 180 in conjunction with a rod
188 (Figure 16). A rod 188 extends between gear drive mounts 190 for each pair of
opposing screw jacks. In addition, as each ram is drawn upwardly, it extends into
tubular extension housing 192 of the screw jack, and when the infrastructure is lowered,
each ram extends downwardly out of that housing.

Referring now to Figures 16, 18 and 19, a drive motor 194 for driving of the
screw jacks is suspended between a pair of transverse beams 196, each beam 196
extending between and mounted to cross frame members 182. A motor support beam
198 subtends from beams 196, the motor being mounted to the underside of that beam
via mounting 200. The drive motor is engaged to mitre gear boxes 202 via couplings
204, and each mitre gear box is inturn coupled to a respective drive rod 188 via
couplings 206, 207 (Figure 16). The couplings 206, 207 are located on either side of a
respective screw jack at gear drive mount 190 and couple the mitre gear box to the
screw jack and thence to the drive rod 188.

Thus, a pair of drive rods extend across the superstructure, with each drive rod
extending between an opposing pair of screw jacks. Each drive rod is supported at two
locations 208, 209 as shown more élearly in Figure 19. In this regard, at each location a
rod support beam 210 subtends from and extends between the transverse beams 196. A
pair of support bearings 211, 212 are mounted to the rod support beam 210 and through
and in which the rod extends and is rotationally supported. At the right hand end of
drive rod 188 (Figure 16) the drive rod is coupled to a respective screw jack gear drive
mount 190 via coupling 214.

Thus, actuation of motor 194 rotates the mitre gear boxes 202 and thereby
drive rods 188, causing the screw jacks to either raise or lower the support members 186
and thus the channels 156. This in turn raises or lowers both of the apparatus 50,
enabling the apparatus to be positioned vertically with respect to a pipe located in the
pipe feed station 154, to coarsely adjust the apparatus for different pipe diameters.

Referring now to Figures 20 to 21, it will be seen that whilst one apparatus
(left hand apparatus) is positioned above the pipe feed station 154 ready to receive a
pipe therein for ultrasonic testing, the other apparatus 50 (right hand apparatus) is
positioned above a respective calibration station 220. In calibration station 220 the right
hand apparatus 50 can be calibrated ready to receive a different pipe for testing.
Advantageously this means there is effectively no down time when changing over
between pipes of different sizes. In addition, in the location shown the right hand
apparatus can be serviced, repaired etc., so that down time is again minimised or
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eliminated. Similarly, when the left hand apparatus 50 is out of service it is positioned
above its own calibration station 220’ and then the right hand apparatus 50 is now
positioned above the pipe feed station 154.

It will also be seen that each calibration station has its own pipe feed
mechanism 222 for feeding in a pipe to be calibrated. In addition, each calibration stage
typically has a safety cage arrangement 224 positioned therearound.

Whilst a two apparatus superstructure has been depicted the structure can
readily be widened to accommodate additional apparatus 50.

Thus, whilst the invention has been described with reference to a number of
preferred embodiments, it should be appreciated that the invention can be embodied in
many other forms.
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CLAIMS

A device for supporting an ultrasonic transducer used for ultrasonic defect testing

of pipe, the device comprising:

- atransducer locating portion adapted for positioning adjacent to a pipe to
locate the transducer in proximity of the pipe; and

- a guide surface associated with the transducer locating portion such that, when
the device is moved relative to the pipe, the guide surface can engage and
traverse hindrances in the pipe to such relative device movement.

A device as claimed in claim 1 wherein the guide surface is located forwardly in

the transducer locating portion when the device is moved relatively lengthwise

along the pipe.

A device as claimed in claim 1 or claim 2 wherein in use the guide surface extends

obliquely with respect to a longitudinal axis of the pipe.

A device as claimed in any one of the preceding claims wherein the guide surface

is defined:

(1) at an end of the transducer locating portion; or

(ii) as part of a flange extending away from the transducer locating portion.

A device as claimed in claim 4 wherein in (i) the guide surface is defined as a

bevel undercut at an in-use forward end of the device.

A device as claimed in claim 4 wherein in (ii) the flange extends away from an in-

use forward end of the device and away from the pipe, and the guide surface is

defined on a side of the flange facing the pipe.

A device as claimed in any one of the preceding claims wherein the guide surface

is planar.

A device as claimed in any one of the preceding claims wherein a transducer

locator element is disposed within the transducer locating portion, into which

element the transducer is mountingly located in use.

A device as claimed in claim 8 wherein the transducer locator element laterally

surrounds the transducer and 1s formed from a material resistant to the propagation

of ultrasonic waves therethrough, such that ultrasonic waves are not directed

laterally through the device in use.

A device as claimed in claim 8 or claim 9 wherein the transducer locator element

is formed from a ring of polymeric material positionable in a body of the

transducer locating portion.

A device as claimed in any one of the preceding claims wherein the transducer
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locating portion includes a curved in-use underside surface for close-facing
positioning with the pipe in use.

A device as claimed in claim 11 wherein the curved surface is defined by a radius
that is closely matched to a radius defining the external surface of the pipe.

A device as claimed in any one of the preceding claims that is adapted for
mounting in an apparatus for moving the device relatively along and/or around
and/or towards/away from the pipe in use.

A device as claimed in claim 13 wherein a plurality of the ultrasonic transducer
supporting devices are mountable in the apparatus.

A device for supporting an ultrasonic transducer, the device being substantially as
herein described with reference to the accompanying drawings.

An apparatus for rotationally positioning one or more ultrasonic transducer
supporting devices in proximity of a pipe to enable ultrasonic defect testing
thereof, the apparatus comprising means for rotating the or each device around at
least part of the pipe’s circumference whilst maintaining the or each device in
proximity of the pipe.

Apparatus as claimed in claim 16 wherein the or each device is mounted to a
carriage and the rotating means is in part incorporated into the carriage to enable
the rotation of the or each device about the pipe.

Apparatus as claimed in claim 17 wherein one or more pairs of ultrasonic
transducer supporting devices are mounted to the carriage, and wherein the
carriage is configured such that, as a given device pair is moved relative to the
pipe, the distance between each device in the pair is substantially preserved.

An apparatus for positioning one or more ultrasonic transducer supporting device
pairs in proximity of a pipe to enable ultrasonic defect testing thereof, the
apparatus comprising means for maintaining an essentially constant distance
between each device in a given pair in use.

Apparatus as claimed in claim 19 wherein the one or more device pairs are
mounted to a carriage and the carriage includes the rotating means as claimed in
claim 17.

Apparatus as claimed in claim 17, 18 or 20 wherein the carriage comprises a first
mounting section to which the or each device is pivotally mounted, an
intermediate mounting section to which the first mounting section is pivotally
mounted, and a second mounting section to which the intermediate mounting
section is hinged for pivoting therearound.

Apparatus as claimed in claim 19 wherein one or more ultrasonic transducer
supporting device pairs are each pivotally mounted to the first mounting section in
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a manner that maintains an essentially constant distance between each device in a

given pair.

Apparatus as claimed in claim 21 or 22 wherein the rotation of the or each device

around the pipe from a top dead centre position is effected by moving the second

mounting section laterally with respect to the pipe to thereby cause the

intermediate mounting section to pivot with respect to the second mounting

section, and cause either or both of:

- the first mounting section to pivot downwardly with respect to the
intermediate mounting section;

- the or each device to pivot downwardly with respect to the first mounting
section;

thus moving the device(s) down and around the pipe whilst maintaining device

proximity to an external surface of the pipe.

Apparatus as claimed in claim 23 wherein guide rollers are provided at opposite

ends of the first mounting section for riding along the pipe external surface during

relative movement between the pipe and the or each device, with the or each

device being located on the first mounting section between the guide rollers.

Apparatus as claimed in claim 24 wherein, when the second mounting section is

moved laterally with respect to the pipe, the guide rollers engage the pipe and

cause the intermediate mounting section to pivot with respect to the second

mounting section.

Apparatus as claimed in claim 24 or 25 wherein each guide roller is a V roller,

having a V-shaped circumferential groove extending therearound between its

ends, and into which groove the pipe is received in use.

Apparatus as claimed in any one of claims 24 to 26 wherein each roller is formed

from an elastomeric material to facilitate rolling and lateral engagement with the

pipe external surface.

Apparatus as claimed in any one of claims 21 to 27 wherein the or each device is

pivotally mounted to the first mounting section via a respective connecting arm

behind which the device trails during relative movement between the device and

the pipe.

Apparatus as claimed in any one of claims 21 to 28 wherein the first mounting

section is pivotally mounted to the intermediate mounting section via respective

coupling arm pairs behind which the first mounting section trails during relative

movement between the device and the pipe.

Apparatus as claimed in any one of claims 21 to 29 wherein the second mounting

section is mounted to a framework that supports means for laterally moving the
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second mounting section with respect to the framework

Apparatus as claimed in claim 30 wherein the second mounting section is coupled
to the lateral moving means which is in turn mounted to the framework.
Apparatus as claimed in claim 30 or 31 wherein the lateral moving means
includes an actuating arm for moving the second mounting section along a slide
mount of the framework, thereby moving the or each device laterally sideways.
Apparatus as claimed in claim 32 wherein the actuating arm is an externally
threaded rod that is rotated by a drive motor located on the framework, the rod
engaging the second mounting section to cause said lateral movement.

Apparatus as claimed in any one of claims 30 to 33 further comprising means for
raising and lowering the framework relative to the pipe to initially position the or
each device in proximity of the pipe, the raising/lowering means being coupled to
and acting on a supporting infrastructure to which the framework is supportingly
mounted, the raising/lowering means in turn being mounted to an apparatus
support frame with respect to which the infrastructure can be raised and lowered
by the raising/lowering means.

Apparatus as claimed in claim 34 wherein the infrastructure comprises a pair of
opposing and transversely extending guide members in which guide rollers of the
framework are supported to facilitate movement of the apparatus in the apparatus
support frame.

Apparatus as claimed in claim 35 wherein movement of the framework on guide
rollers is caused by a drive motor mounted on the framework engaging a fixed rod
extending across the apparatus support frame.

Apparatus as claimed in claim 35 or 36 wherein the raising/lowering means
includes two pairs of opposing screw jacks, each pair being mounted to the
support frame and engageable by a respective motor driven gear rod extending
across the apparatus support frame, the rotation of which causes each screw jack
pair to raise or lower a respective guide member and thereby cause movement of
the infrastructure up and down with respect to the apparatus support frame.
Apparatus as claimed in any one of claims 17 to 37 wherein a plurality of devices
or device pairs are arranged lengthwise in the carriage to be in alignment with a
longitudinal axis of the pipe in use.

Apparatus as claimed in any one of claims 16 to 38 that is adapted in use such that
the pipe can be fed through the apparatus lengthwise so that the or each device
can be brought into proximity with the leading end of the pipe, and maintained in
proximity of the pipe, until a trailing end of the pipe moves past the or each
device.
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Apparatus as claimed in any one of claims 16 to 39 wherein the or each ultrasonic

transducer supporting device is as defined in any one of claims 1 to 15.

Apparatus for positioning one or more ultrasonic transducer supporting devices in

proximity of a pipe, the apparatus being substantially as herein described with

reference to Figures 9 to 22 of the accompanying drawings.

An arrangement for ultrasonic defect testing of lengths of pipe comprising:

- asupport frame in which two or more carriages can be supported and moved,
each carriage supporting one or more ultrasonic transducers for positioning in
proximity of the pipe; and

- means for positioning a length of pipe in proximity with one of the carriages.

An arrangement as claimed in claim 42 wherein the means for positioning the pipe

length comprises a pipe support for feeding the pipe into and supporting the pipe

whilst in the arrangement, and a carriage moving means operable between each

carriage and the support frame for moving a given carriage into proximity of a

pipe in the pipe support.

An arrangement as claimed in claim 43 wherein the carriage moving means

comprises the guide members, guide rollers, framework, drive motor and fixed rod

extending across the support frame as defined in claim 36.

An arrangement as claimed in claim 43 or 44 wherein the two or more carriages

are arranged in parallel to each other in the support frame such that the carriage

moving means can move the two or more carriages simultaneously to change pipe
proximity from one carriage to another.

An arrangement as claimed in any one of claims 42 to 45 wherein each carriage is

as defined in any one of claims 17 to 33.

An arrangement as claimed in any one of claims 38 to 42 wherein the framework

incorporates or comprises apparatus as defined in any one of claims 16 to 37.

An arrangement as claimed in any one of claims 42 to 47 wherein the one or more

ultrasonic transducers are located in a supporting device as defined in any one of

claims 1 to 15, with each carriage supporting one or more such devices.

An arrangement for ultrasonic defect testing of lengths of pipe, the arrangement

being substantially as herein described with reference to Figures 16 to 22 of the

accompanying drawings.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2004/000620

A. CLASSIFICATION OF SUBJECT MATTER
Int. CL F16M 11/00, 13/00, GOIN 29/26.

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED ‘

| Minimum documentation searched (classification system followed by classification symbols)

IPC F16M 11/00, 13/00, GOIN 29/26.

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

IPC : AUF16M 11/00, 13/00, GOIN 29/26.

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
DWPIL, F16M 11/, 13/IC GOIN 29/IC and pip+. F16L/IC and (support+ or fram+ or stand-+) and (détect+ or test+ or
exam+ or check+) and (ultrasonic+ or sonic+ or ulirasound+ or sound+)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Derwent Abstract Accession No.2001-508598/56, Class S03, JP 2001194352 A
(KANSAI XSEN KK) 19 July 2001. A

X See entire abstract. 19
Derwent Abstract Accession No.96-071085/08, Class S03, JP 07280776 A (NIPPON
STEEL CORP.) 27 October 1995.

X See entire abstract. 19,42
Derwent Abstract Accession No.98- 029215/03 Class S03, JP 09288094 A (HITACHI
ENG CO LTD) 4November 1997.

X See entire abstract. 19,42

Derwent Abstract Accession No.19§9-447585/38, Class S03,JP 11183453 A
(MITSUBISHI ELECTRIC CORP) 9 July 1999.
X | Seeentire abstract. . - 1,19

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents:
"A"  document defining the general state of the art which is "T"  later document published after the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
) alone
"L"  document which may throw doubis on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition . .
or other means & document member of the same patent family
"P*  document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report 1 3 JUL 200 I
7 July 2004 “
Name and mailing address of the ISA/AU Authorized officer /7 (
AUSTRALIAN PATENT OFFICE L
PO BOX 200, WODEN ACT 2606, AUSTRALIA : : ———TT
E-mail address: pet@ipaustralia.gov.au R. WEBER
Facsimile No. (02) 6285 3929 : Telephone No : (02) 6283 2546
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
Derwent Abstract Accession No.2003-849463/79, Class S03, JP 2003322643 A
(SUMITOMO METAL IND LTD) 14 November 2003.
XP -See entire abstract. 19,42
Derwent Abstract Accession No.91-309159/42, Class SO3 SU 1610429 A (KHARK
RADIO ELECTRO) 30 November 1990.
X See entire abstract. 42
Derwent Abstract Accession No0.94-300891/37, Class S03, SU 1445396 A (NIKITIN S
V) 15 March 1994. :
X See entire abstract. 16,19
WO 2001/96808 A (HYDRO- QUEBEC) 20 December 2001.
X See entire specification. 19
DE 2854374 A (IBEMA GmbH &CO KG) 19 June 1980.
X See entire specification. 19,42
US 4041773 A (HAULDREN ET AL).16 August 1977. ’
X See entire specification. 19,42
US 4213345 A (DUFQOUR) 22 July 1980.
X See entire specification. 19,42
EP 412396 A (SIEMENS AG) 13 February 1991.
X See entire specification. 16,1942
US 5313837 A (HAYNES) 24 May 1994. ‘
X See entire specification. 16,19,42
US 5370006 A (ZOLLINGER ET AL) 6 December 1994,
X See entire specification. 19,42
WO 1980/01842 A (BRITISH GAS CORPORATION) 4 September 1980.
X See entire specification. 1,19
FR 2791137 A (FRAMATOME SA) 22 September 2000.
X See entire specification. 1,19
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Box No.II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
Teasons:

I:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

l:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No.III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found mulﬁple inventions in this international application, as follows:

Claim 1 is directed to a device for supporting an ultrasonic transducer including a guide surface for the transducer.
Claim 16 is directed to the rotational positioning of the ultrasonic transducers about a pipe. Claim 19 is directed to
a support device for ultrasonic transducers, which ensures a constant distance between the transducers. Claim 42 is
directed to a support frame, which has a carriage for the supporting and moving the transducers.

l:l As all required additional search fees were timely paid by the applicant, this international search report covers all

1.
searchable claims.

2. As all searchable claims could be searched without effort justifying an additional fee this Authority did not invite
payment of any additional fee.

3.' D As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.
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Information on patent family members

International application No.
PCT/AU2004/000620

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

» Patent Document Cited in Patent Family Member
Search Report

WO 200196808 . AU  68861/01 CA 2411947

DE 2854374 NIL

US 4041773 AU  18453/76 CA 1059613 DE 2645274 .
DK 452476 FR 2327541 GB 1561811
MX 142895 NL 7611197

US 4213345 NIL

EP 412396 . NIL

US 5313837 NIL

us 5370006 NIL

WO 198001842 AU 55924/80 CA. 1134936 EP 24397
GB 2043248 UsS 4285243

FR 2791137 ' NIL

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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