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SUPPORT DEVICE FOR IN-LINE PIPE INSPECTION TOOL

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to a variable force support device
for supporting an in-line pipe inspection tool during < :
longitudinal travel of the tool through a pipe being
inspected.

Description of the Prior Art

It is known to perform in-line inspection of pipe by
magnetic flux leakage technology. With these. inspection
practices, an in-line pipe inspection tool is propelled
through the pipeline by the fiowing product thérein, which
for example may be oil. BAs the tool passes through the
pipeline, a strong magnetic field is induced into the pipe
wall. Defects in the form of discontinuities will cause
redistribution of the magnetic flux around the defect. This
results in some of the lines of magnetic flux leaking out
into the surrounding medium. The inspection tool embodies an
electromagnet which is battery powered to power an
elecfromagnet that induces the magnetic flux field into the
pipe wall. Two sets of steel brushes are used in conjunction
with the electromagnet to constitute the magnetic north and
south poles of the magnetic flux field. It is necessary to
maintain constant contact between the two sets of brushes and
the internal surface of the pipe to ensure an uninterrupted
magnetic flux field within the pipe wall. This is difficult
to achieve if a single inspection device is used with pipe of

different diameters. A plurality of transducers are used to
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practicegw an in-line pipe inspection tool is propelled through the

pi peline by the flow ng product therein, which for exanpl e say—be=et

t he tool: passes through the pipeline, a strong nmagnetic fl&ldﬁS&%ﬁﬁﬁU@%ﬁBEEN
into the pipe wall. Defects in the formof discontinuitiesiw || B&BEACED

redi stribution of the magnetic flux around the defect. Thi $&~Fe€sufts rnm SONE
of the lines of magnetic flux |eaking out +20 the surroundi ng nedium The
i nspection tool enbodies an el ectronmagnet which is battery powered to power
an el ectromagnet that induces the nagnetic flux f ield into the pipe wall.
Two sets of steel brushes are used in conjunction

detect magnetic flux leakage indicating a defect in the pipe
wall. The transducers provide a signal indicating the
presence of a defect, which signal may be processed by
various electronic recording arrangements.

The two- sets of steel brushes employed with the
magnetizer act to support the inspection tool during its
travel through the pipe. After extended use of the
inspection tool, these steel brushes tend to wear and deform
as a result of the combination of the weight of the
inspection tool being supported, the weight of the fluid in
the pipe above the inspection tool and contact with the
interior surfaces of the pipe. This results in misposition
of the inspection tool during travel through the pipe and
discontinuous contact between the steel brushes and the
interior pipe wall surface. This adversely affects the
desired uninterrupted magnetic flux field in the pipe wall
necessary for effective defect detection. This condition is
exacerbated when the tool is used with pipes of different
diameters. With these applications the brushes are required
to extend sufficiently to support the tool with increased
diameter pipe and then compress when inspecting smallex
diameter piée. During extension of the brushes, there must
be sufficient force exerted by the brushes against the pipe
wall to provide the required contact to ensure an-
uninterrupted magnetic flux field within the pipe wall.

SUMMARY OF THE INVENTION
It is accordingly a primary object of the present
invention to provide a support device that supports an
in~line inspection tool during longitudinal travel of the
tool through a pipe being inspected accurately and
specifically centered within the interior of the pipeline,
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mﬁth-the'electronagnet to constitute the magnetic north and south pol es of
the magnetic flux field. It is necessary to maintain constant . coptaet
bet ween .t he two sets of brushes and the internal surface ﬁﬂ§§eHggpﬁNgBEEN
ensure an uninterrupted magnetic flux field within the pi vwﬂﬁgpiﬂmanls
difficul.t to achieve if a single inspection device is use t=h—prpe—ot
different dianeters. A plurality of transduc®srs are used to REPLACENMENT
SHEET

even in the presence of pipe of increased diameter, with the
pressure between the brushes and the pipewall surface being
adequate for effective inspection and relatively constant and
uniform around the entire wall circumference.

A more -specific object of the invention is to provide a
force support device used in conjunction with the wire
brushes for supporting the inspection tool, with the support
device being adapted to provide adequate force between the
pipe wall and the support device in the presence of increases
in the internal.diameter of the pipeline being inspected.

In accoxdance with the invention, a variable support
device is provided for supporting an in-line pipe inspection
tool during longitudinal travel of the tool through a pipe
being inspected. The support device has rotating means,
which may be a wheel, for rotational contact with an interior
surface of the pipe during travel of the tool through the
pipe. A spring arrangement, which may constitute a pair of
coil springs parallel mounted on the supbort device at
oppoéite ends of the wheel, is provided for applying force to
the wheel to normally urge the wheel against the interior
surface of the pipe and is adapted for compression in
response to a compressive force transmitted thereto from the
wheel resulting from contact of the wheel with the interior
pipe surface. A~second spring is provided to apply a
supplemental biasing fbrce to the wheel, with the
supplemental biasing force increasing in relation to
decreases in the force applied by the first spring
arrangement to minimize force changes between the rotating
wheel and the interior surface of the pipe. Means are

provided for connecting the support device to the inspection
tool.
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-2- detect magnetic flux | eakage indicating a defect in the pipe mall The
transducers provide a signal indicating the presence of a eh
signal may be processed by various el ectronic recording ar :
two sefis of steel brushes enployed with the nmagneti zer act |jto suppEBtACEDe
I nspection tool during its travel through-4he pipe. After
the inspection tool, these steel brushes tend to wear and deformas a
result of the conbination of the weight of the inspection tool being
supported, the weight of the fluid in

The wheel is suitably journaled foxr rotation during
longitudinal travel of the inspection tool through the pipe
being inspected.

" The second spring is bias mounted on the support device
‘relative to the pair of coil springs.

The arrangement for connecting the support dewvice to the
inspection tool may include a base plate. A wheel support is
connected to the base plate and extends therefrom at one end
and at an opposite end has a bifurcated portion within which
the wheel is journaled for rotation. 2an end of each of the
pair of coil springs is connected to the bifurcated portion,
and an opposite end of the springs is comnected to the base
plate. 2An end of the second spring is connected to the base
plate and an opposite end of this spring is connected to the
wheel support at a location thereon between the wheel and the
‘base plate.

The inspection tool to which the support device is
connected has a magnetizing portion that comprises a pair of
spaced-apart rings each having a plurality of radially
extending brushes of magnetically conductive material
extending from a periphery surface. These brushes are
adapted for contact with the interior surface of the pipe. A
plurality of the support devices are mounted in spaced-apart
relation on the periphery surface of the rings with the wheel
of each support device being adapted for contact with the
inteiior surface of a pipe during movement of the inspection
tool through the pipe for inspection. The radially extending
brushes are positioned on the periphery surface of the rings
at locations between the locations of the support devices on
the periphery surface.
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t he .pi pe-above the inspection tool and contact with the interior surfaces
of the pipe. This results in msposition of the inspectifjon oar

travel through the pipe and di scontinuous contact betmeenTWﬁ%ﬁﬁﬁ%%xf%E%ﬁﬂe
and.the interior pipe wall surface. This adversely affegts t hBEFLAPERY
uninterrupted magnetic flux field in the pipe wall necessary tor effective
defect detection. This condition is exgcerbated when the tool is used with
pi pes of different dianmeters. Wth these applications the brushes are

required to extend sufficiently to support the tool with increased dianeter
pi pe and then conpress when inspecting snaller
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevational view in assembly of a
conventional in-line pipe inspection tool with which the
support device of the invention may be used;

Figure 2 is an elevational view of one embodiment of the
-support device of the invention;

Figure 3 is a front elevation view in partial section of
the device of "Figure 2;

Figure 4 is a front view of the magnetizer portion of an
in-line pipe inspection tool showing the support device of
.Figures 2 and 3 mounted thexeon;

Figure 5 is a view of the inspection tool of Figure 4 in
cross—-section;

Figures 6A and B show a typical example of force and
vector product calculations of an embodiment of the tool of
the invention for inspection of pipe having a diameter of 32
inches; and

Figures 7A and B show a similar typical example of an

embodiment for the inspection of pipe having a diameter of 30
inches. '

DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to the drawings, and for the present to
Figure 1 thereof, there is shown a typical in-line pipe
inspection tool designated generally as 10. This tool is of
the type adapted for longitudinal travel in the right to left
direction as viewed in Figure 1 through a pipeline to perform
inspection for defects using magnetic flux leakage
technology. The tool is moved through the pipeline by the

product flow through the pipeline, which product may be for
example oil.
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di anmet er pfpe. Buring extension of the brushes, there nust be sufficient

contact to ensure an uninterrupted magnetic flux field w

force exerted by the brushes against the pipe wall to pro : f
tihiTH!S BEERT &S BEEN
wal | . *SUMVARY OF THE INVENTION It is accordingly a prinaryobj e EPSACERe

I nvention to provide a support device that supports an 1 n-T1Te

The tool 10 as shown in Figure 1, includes a plurality
of drive cups 12 that form a positive seal on the internal
surface of the pipe to allow the tool to be propelled through
the pipe by the pipeline product. A magnetizing section 14
is located behind the drive cups and performs the actual
pipeline inspection. The major components of this section
are an electromagnet (not shown), steel brushes and
transducers. The steel brushes are designated as 16 and the
transducers are designated as 18. - The electromagnet is
battery-powered and provides the magnetic force which induces
the magnetic flux field into the pipe wall. The steel
brushes are provided as shown in Figure 1 in two sets with
one being the magnetic north and the other the south poles of
the magnetic flux field. Constant contact is required
between these two sets of steel brushes with the interior
pipe wall to provide an uninterrupted magnetic flux field in
the width of the pipe wall. As will be shown and described -
hereinafter, the support device of the invention finds
utility in combination with these steel brushes of the
ragnetizexr to provide for improved performance from the
standboint of properly supporting the tool relative to the
internal surface of the pipe during travel through the pipe.
The transducers are positioned to overlap the complete 360°
inspection surface of the pipe wall. When a defect is
present in the pipe wall, these transducers detect the
corresponding leakage of the magnetic flux field and then
transmit a signal indicating the presence of this defect to
an electronic recording unit. )

. The tool 10 further includes a distance measuring
section 20 having wheels 22 that measure the progress of the
tool as it moves through the pipeline. This information may
for example be recorded on magnetic tape. A recordexr section
24 is provided to process the data detected by the transduce
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i nspection tool during longitudinal travel of the tool through a pipe being

i nspected accurately and specifically centered within the interior of the
pi pel i ne,



-3- even in the presence of pipe of increased diameter, with the pressure
bet ween- t he brushes and the pipewall surface being adequat E#EF=E#¢ecttue====r
i nspection and relatively constant and uniform around the ghifHSHEET HAS BEEN

circunference. A nore specific object of the invention is tjio_proRERLAGED

force support device used in conjunction whoth the wire brushes for

supporting the inspection tool, with the support device being adapted to
provi de adequate force between the

and recorded on magnetic tape. The recorder section also may
house necessary electronic compdnents, such as amplifiers and
the like. A battery section 26 of the tool is used to house
the batteries that supply the electrical current necessary to
operate the magnetizer and recorder. This section includes a
pressure proof compartment that protects the battery from the
pipeline pressure and product. '

In accordance with an embodiment of the invention, the
support device thereof is shown in detail in Figures 2 and 3
and is designated generally as 28. This support device 28 is
mounted on a magnetic ring 30, as shown in Figure 5, which is
a component of a magnetizer section of an in-line inspection
tool of the construction shown in Figure 1.

The support device 28 includes a base plate 32 used to
connect the device 28 to the ring 30 by bolts 34, as shown in
Figure 5.

A wheel—suppdrt 36 is connected to the base plate 32 and
has an upper bifurcated portion 38 within which a wheel 40 is
journaled for rotation on shaft 42 and bearings 44. The
shaft 42 is secured by screw 46. A pair of springs 48 are
parallel connected at one end to the base plate and at the
other to wheel support 36 at pivotal connections 50 and 52,
respectively. A second spring 54 is bias mounted between the
pair of springs 48 and is connected at one end to the base
plate and at the other end to the wheel support 36 at pivotal
connections 56 and 58, respectively.

As shown in Figures 4 and 5, a plurality of the support
devices 28 are mounted on the ring 30 in egui-spacéd apart
relation with pairs of steel brushes 60 being mounted on the
ring between each support device 28. '

With the ring 30 shown in Figures 4 and 5 and having
mounted thereon the plurality of support devices 28 in

accordance with the invention, as the inspection tocl moves

This Sheet Has

i



pipe-malliand t he support device in the presence of increases in the

I nternal dianeter of the pipeline being inspected. In acco r~the——
i nvention, a variable support device is provided for suppo tfhﬁ Qﬁﬁ$vﬁéEN
pi pe i nspection tool during |ongitudinal travel of the toon

| o esamam.g

bei ng i nspected. The support device has rotating neans, which may be a
wheel , for rotational contact, with an int&rior surface of the pipe during
travel of the tool through the pipe. A spring arrangenent, which may
constitute a pair of coil springs parallel nounted on the support device at
opposite ends of the wheel, is provided for applying force to

through the pipeline, the brushes 60 contact the interior
surface of the pipeline to produce the magnetic flux field in
the pipe wall. The wheels 40 of the support device 28 are
also in contact with the interior surface of the pipeline
during this operation to provide the required support for the
inspection tool. In the presence of an increase in the
inside diameter of the pipeline, such as encountered during
the inspection of pipe of increased diameter, the wheel 40
will be moved toward the pipe wall by the force provided by
springs 48. The biasing force of the spring 54 aids in
recentralizing the magnetizing section 14 by providing a
supplemental lifting force as the tool enters the larger
diameter pipe. In this mannexr, the wheel force is
sufficiently maintained to provide for effective inspection
as the inspection tool moves through larger-diameter portions
of the pipeline. Hence, the support device 28 provides
sufficient force to properly support the inspection tool
concentrically within the interior of the pipeline during
longitudinal movement of the tool, even with pipe of
increased diameter. This avoids the prior-art problem of
deterioration of the sﬁeel brushes 60 as a result of
supporting the inspection tool within the pipeline. In
addition, this permits the device to be effectively used for
inspection of pipe of various diametexrs by providing an
uninterrupted magnetic flux field within the pipe wall.
Specifically in this regard, the same device may be used to
effectively inspect pipe of both 30 and 32 inch inside
diameters. _ '

Figures 6A and B relate to the following specific
example of force and vector product calculations for an
embodiment of the support device of the invention relating to

use in inspecting pipe having an inside diameter of 32
inches:

This s,
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t he wheel- to nornmally urge the wheel against the interior sur
pi pe and is adapted for conpression in response to a conpr Sﬁ?%%H%
transmtted thereto fromthe wheel resulting from contact pf ééi
the interior pipe surface. A second spring is provi-ded to &pplyt—a

suppl enmental biasing force to the wheel, with the supplenental b|a5|ng
force increasing in relation to decreases in-¢he force applied by the first
spring arrangenent to mnimze force changes between the rotating wheel and
the interior surface of the pipe. Means are provided for connecting the
support device to the inspection

JTh

It

Spring Force = 1,078.2 1lbs. P Force of Wheel at Point

of Contact with Pipe Wall
Mp/d = 1947.3 1b.in/1.66 in
1173.07 lbs.

nn

Moment M about A is the wvector product:
Mp = ra/BxF
where F = Fx + Fy

Fy being the component of F
normal to the moment arm B

Fy being the component of F
normal to the moment arm A

in this case, Fy, is a force opposing the counter-
clockwise rotation about Mjp.

F = 1078.2 1bs (cos 0.83°) - 1078.2 lbs (cos 78.95°)
= 1079.09% 1lbs - 206.65 lbs
Mp = B(Fg) -~ A(

F.
2.794 in X?S 09 lbs) - 5.153 in (206.65 lbs)
3012.18 1b in - 1064.87 1lb.in
1094703 lb.in )

nnt

The biasing spring 54 is not compressed during the inspection
of 32 inch diameter pipe and therefore, the total force of

¢ wheel 40 at point of contact with the pipe wall is 1,173.07
pounds.

Figures 7A and B relate to the following specific
example of force and vector product calculations for an
embodiment of the support device of the invention relating to
use in inspecting pipe having an inside diameter of 30
inches.
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tool .’ -4- The wheel is suitably journaled for rotation durlng

| ongi tudinal travel of the inspection tool through the pip e
i nspected. The second spring is bias nounted on the support dQV$SBEEéHMMEﬁ;N
to the pair of coil springs. The arrangenent for connectingljthe SREMHNGED

device to the

|

<10~

ipring Force = 2,386.6 lbs, P

Force of Wheel at Point

of Contact with Pipe Wall
Mp/d = 2949.8 1b.in/3.491 in
84S 1bs.

|

Moment M about A is the vector product:
Mp = xra/B x F
where F = Fx + Fy

Fx being the component of F ~
normal to the moment arm B

Fy being the component of F
normal to the moment arm A

in this case, is a force opposing the counter-
clockwise rotation agout Mp.

F = 2386.5 lbs {(cos 12.7°) -~ 2386.5 lbs (cos 66.12°)
= 2328.1 1lbs -~ 966.1 1bs
Mp = B(Fx) - A(F

3.283 in (2§28 1 lbs) - 4.858 in (966.1 1lbs)
7643.1 lb.in - 4693.3 lb.in
2948.8 1b.in

noan

The resultant force of the springs 48 is 845 pounds, .
with the biasing spring 54 being compressed and providing an
additional 250 pounds of force at wheel 40 point contact with
the pipe wall. Therefore, the total force at point contact
of wheel 40 with the pipe wall is 1,095 pounds.

In accordance with this specific example, when the tool
passes from a 30-inch diameter pipe to a 32-inch diameter
pipe, the biasing spring 54 extends to provide a supplemental
force to that of the springs 48 to rapidly and effectively
position the magnetizing section 14 within the pipe.
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inspectioﬁ tool may include a base plate. A wheel support is connected to

the base plate and extends therefromat one end and at an @@@Stte:endzhasé"*
a bifurcated portion within which the wheel is journaled f rThﬂﬁtSﬂﬁEiTrHAS\BEEN‘}

end of each of the pair of coil springs is connected to th@ bifuREBLAGED

portion, and an opposite end of the springs is connected t O the base pratre.

An end of the second spring is connectegjlo the base plate and an opposite
end of this spring is connected to the wheel support at a |ocation thereon
bet ween t he wheel and the base plate. The inspection tool to whic¢h the
support device is

RHAT IS CLAYMED:

1. A variable force support device for supporting an
in-line pipe inspection tool during longitudinal travel of
the tool through a pipe being inspected, said device
comprising, rotating means for rotational contact with an
interior surface of said pipe during travel of said tool
through the pipe, a first spring means for applying force to
said rotating means to normally urge said rotating means
against said interior surface and adapted for compression in
response to a compressive force transmitted thereto from said
rotating means resulting from contact of said rotating means
with said interior surface, a second spring for applying a
supplemental biasing force to said rotating means with said
supplemental biasing force increasing in relation to .
decreases in the force applied by said first spring means to

minimize force changes between said rotating means and said
interior surface.

2. The device of claim 1 further comprising, said
rotating means being a wheel provided for rotation during

longitudinal travel of the inspection tool through the pipe
being inspected.

3. The device of claim 2 further comprising, said
first spring means including a pair of ceil springs.

4. The device of claim 3 further comprising, said pair

of coil springs being parallel mounted on said support device
at opposite ends of said wheel.
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connected ' has a magnetizing portion that conprises a pair of spaced-apart
rings each having a plurality of radially extendi ng brushes of nmagnetically
conductive material extending froma periphery surface. These:bmushes:ama;u
adapt-ed for contact with the interior surface of the pipg. TASpE-EEl HAY BEEN
the support devices are nounted in spaced-apart relation on t hBEpbACERer y
surface of the rings with the wheel of-&3eh support devi
for contact with the interior surface of a pipe during novenent of the
i nspection tool through the pipe for inspection. The radially extending
brushes are positioned on the periphery surface of the rings

S. The device of claim 4 further comprising, said
- second spring being bias mounted on said support device
relative to said pair of coil springs.

6. The device of claim 5 further comprising, said
means connecting said support device to said inspection tool
including a base plate, a wheel suppoxrt connected to and .
extending from said base plate at one end and at an opposite
end having a bifurcated portion within which said wheel is
journaled for rotation, an end of each of said pair of coil
springs being connected to said bifurcated portion and an
opposite end thereof being cohnected to said base plate, an
end of said second spring being connected to said base plate .
and an opposite end being connected to said wheel support at
a location thereon between said wheel and said base plate.

7. The device of claim 6 further comprising, said
inspection tool including a magnetizing portion that
comprises a pair of spaced-apart rings each having a
plurality of radially extendihg brushes of magnetically
conductive material extending from a periphery surface and
adapted for contact with the interior surface of the pipe and
a plurality of said support devices mounted in spaced-apart
relation on the periphery surface with the wheel of each
device adapted for contact with the interior surface of the
pipe.

8. The device of claim 7 further comprising, said
radially extending brushes being on said periphery surface at
locations between said support devices.

W



at | ocations between the |ocations of the support devices on the periphery

surface. -5- BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an

wi th which the support device of the invention may b Hﬁféwgga

el evational view in assenbly of a conventional in-Ii F§§ﬁ§§:1u> egt
el evational view of one enbodi nent of the

ool
an
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ABSTRACT OF THE DISCLOSURE

A device for the in-line inspection of pipe. The device
is spring-loaded to provide an adequate pressure between the
supporting brushes of the device and the interior pipe wall
for effective magnetic inspection with pipe of various
internal diameters.

g@u&’_ e 2
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support-device of the invention; Figure 3 is a front elevation viewin
partial section of the device of Figure 2; Figure 4 is a front view of the
magnet i.zer portion of an in-line pipe inspection tool show t he support
device of Figures 2 and 3 mounted thereon; Figure 5 is § W_@ F]IIQES BEEN
I nspection tool of Figure 4 in cross-section; Figures 64 an 9‘ |
typi'cal exanple of force and vector [5 oduct cal cul ati ong e od

of the tool of the invention for inspection of pipe having a d| amater of 32
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I nches; and Figures 7A and B show a sinmilar typical exanple of an

enbodi nent for the inspection of pipe having a dianeter of..30.inches

DESCRI PFI-ON OF THE PREFERRED EMBCDI MENT Wth reference to it hgigdsiavgmgss sgan
for the present to Figure 1 thereof, there is shown a typijcal i RePLACEDI pe

I nspection tool designated generall yﬁzﬁ 10. This tool is c
adapted for longitudinal travel int right to left direction as viewed in

Figure 1 through a pipeline to performinspection for defects using
magnetic flux | eakage

42
46
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t echnol ogy. The tool is nmoved through the pipeline by the product flow
t hrough the pipeline, which product may be for exanple oi -
10 as shown in Figure 1, includes a plurality of drive cUp3HIRSHERAL HASBBEN

positive seal on the internal surface of the pipe to all t he REGOACED be
propel | ed through the pipe by the pipeline product. A ma

14 3

28
| 381 ‘ 402 (44 )
“]F |— %
| T 46

C S8
48 E S 58
18

= )
d“ ___hﬂ 50

( N
4

(LT




Is | ocated behind the drive cups and perforns the actual pipeline
I nspection. The maj or conponents of this section are an el. ot.
shown), steel brushes and transducers. The steel brusheg§ f48 fleshroNad 8RS
16 .and the transducers are designated as 18. The el ectrErragneﬁE;bg\cgo
battery-powered and provides the magnetic force which i '
flux field into the pipe wall. The suﬁql brushes are provided as shown in
Figure 1 in tw sets with one being the magnetic north and the other the
south poles of the magnetic flux field. Constant contact is required

bet ween these two sets of steel brushes with the interior

i
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pipe wall to provide an uninterrupted magnetic flux-field in the width of
the pipe wall. As will be shown and descri bed hereinafter, the support
device<of the invention finds utility in conbination w tj&

brushes of the nmagnetizer to provide for inproved perfordhEeSHEGNHARBEEN
st andpoi nt of properly supporting the tool relative to tjhe i nBEPRACEDur f ac
of the pipe during travel through thedpl pe. The transducers are posrironed
to-overlap the conplete 360 inspection surface of the pipe wall. Wen a
defect is present in the pipe wall, these transducers detect the
correspondi ng | eakage of the magnetic flux field and then
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transmt a signal indicating the presence of this defect to an electronic
recording unit. The tool 10 further includes a distance nj ST Ty SEC T OIT ﬂ
I

20 having wheel s 22 that measure the progress of the tool lpdHi® SREGEEAS BEEN
t hrough the pipeline. This information may for exanpl e be Fecor IRPAPED
magnetic tape. A recorder section 24 is provided to process the data
detected by the transduce -7- 6/1 '

FlG. 6A
PIPE WALL
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and recorded on magnetic tape. The recorder section al so_nay_house
necessary el ectronic conmponents, such as anplifiers and j'Be.d Kkeet AR
sectiop 26 of the tool is used to house the batteries that sugﬁﬁiﬂdgb

el ectrical current necessary to operate the nagnetizer g—t-epoak-chepr—7y

section includes a pressure proof conpartment that protects the battery
fromthe pipeline pressure and product. {A{accordance with an enbodi nent of

the invention, the support device there | s.sh in detail in Figures 2
and 3 and is designated generally as 28 5 S rt device 28 is nounted
on a magnetic ring 30, as shown in Figure 5 which is

PIPE WALL

I//'/////////////L/,‘//////////////}
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L e

a conponent of a magnetizer section of an in-line inspec
construction shown in Figure 1. The support device 28 indl HelpsaceEMBNT SRERT €

32 used to connect the device 28 to the ring 30 by boltsi_34, ai g%
Figure 5. A wheel -support 36 is connected to the base pl dt pad2 éﬁ ﬁgghgn

upper bifurcated portion 38 within whichja wheel 40 is j
rotati on on shaft 42 and bearings 44. The shaft 42 is secured by screm/46.
A pair of springs 48 are parallel connected at one end to the base plate
and at the other to wheel support 36 at pivotal connections 50 and 52,

SUPPORT DEVICE FOR IN-LINE PIPE INSPECTION TOOL

R D OF THE INVENTIO!
e e Invention

The invention relates to a variable force support device
for supporting an in-line pipe inspection tool during
longitudinal travel of the tool through a pipe being

inspected.
Description of the Prior Art

It is known to perform in-line inspection of pipe by
magnetic flux ieakage technology. With these inspection
‘practices, an in-line pipe inspection tool is propelled
through the pipeline by the flowing product therein, which
for example may be oil. As the tool passes through the
pipeline, a st:ong magnetic field is induced into the pipe
wall. Defects in the form of discontinuities will cause
redistribution of the magnetic flux around the defect. This
results in some of the lines of magnetic flux leaking out
into the surrounding medium. The inspection tool embodies an
electromagnet which is battery powered to power an
electromagnet that induces the magnetic flux field into the
pipe wall. Two sets of steel brushes are used in conjunction
with the electromagnet to constitute the magmetic north and
south poles of the magnetic flux field. Tt is necessary to
maintain constant contact between the two sets of brushes and
the internal surface of the pipe to ensure an uninterrupted
magnetic flux field within the pipe wall. This is difficult
to achieve if a single inspection device is used with pipe of
different diameters. A plurality of transducers axe used to
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respectively. A second spring 54 is bias nmounted between the.pair_aof

springs 48 and is connected at one end to the base plate nﬁEggﬂé@ﬁhﬁfQQ ET
end to the wheel support 36 at pivotal connections 56 and (58, %zgpgkbv
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‘mounted on the ring 30 in eqU| spaced apart relation with '
brushes 60 being nounted on the ring between2ach support device 28. Wth
the ring 30 shown in Figures 4 and 5 and havi ng nounted thereon the

plurality of support devices 28 in accordance with the invention, as the
I nspection tool noves

detect magnetic flux leakage indicating a defect in the pipe
wall. The transducers provide a signal indicating the
presence of a defect, which signal may be processed by
various electronic¢ recording arrangements.

The two-sets of steel brushes employed with the
magnetizer act to support the inspection tool duxing its
txavel through the pipe. After extended use of the
inspection tool, these steel brushes tend.tp.wear and deform
as a result of the combination of the weight'of the
inspection tool being supported, the weight of the fluid in
the pipe above the inspection tool and contact with the
intexior suxfaces of the pipe. This results in misposition
of the inspection tool during travel through the pipe and
discontinucus contact between the steel brushes and the
interior pipe wall surface. This adversely affects the
desired uninterrupted magnetic flux field in the pipe wall
necessary for effective defect detection. This condition is
exacerbated when the tool is used with pmpes of different
diameters. With these ayplxcations the brushes are xequired
to extend sufficiently to support the tool with increased
diameter pipe and then compress when inspecting smaller
diameter pipe. During extension of the brushes, there must
be sufficient force exerted by the brushes against the pipe
wall to provide the required contact to ensure af- .
uninterxupted magnetic flux field within the pipe wall.

SOMMARY OF NTION
It is accordingly a primary object of the present
invention to provide a support device that supports an
in-line inspection tool during longitudinal travel of the
too) through a pipe being inspected accurately and
specifically centered within the interior of the pipeline,




« through the .pipeline, the brushes 60 contact the interior _surface of the

pi peline to produce the magnetic flux field in the pi %@k }/&‘g&%[rs
of the support device 28 are also in contact with thej{n eréﬁaﬁﬁ‘rw o]
the pipeline during this operation to provide the req 5:)%% Bp@g r ot

I nspection tool. In the presence of an increase in th nside” i Er et o

t he pi peline, such as encountered during the3tnspection of pipe of
i ncreased di aneter, the wheel 40

even in the presence of pipe of increased diameter, with the
pressure between the brushes and the pipewall surface being
adequate for effective inspection and relatively constant and
uniform around the entire wall circumfexrence.

A more -specific object of the invention is to provide a
force support device used in conjunction with the wire
brushes for supporting the inspection tool, with the support
device beihg adapted to provide adegquate foxce between the
pipe wall and the support device in the presence of increases
in the internal diameter of the pipeline being inspected.

In accoxdance with the invention, a variable sﬁpport
device is provided for supporting an in-line pipe inspection
tool during longitudinal travel of the tool through a pipe
being inspected. The support device has rotating means,
which may be a wﬁeelt.for rotational contact with an intexior
surface of the_pipe during travel of the tool through the
pipe. A spring arrangement, which may constitute a pair of
coil springs parallel mounted on the support device at
opposite ends of the wheel, is-providéd for applying force to
the wheel to normally urge the whéellagainét“the interior
surface of the pipe and is adapted for compression in
response to a compressive force transmitted thereto from the
wheel resulting from contact of the wheel with the interior
pipe surface. A second spring is provided to apply a
supplemental'biasing force to the wheel, with ‘the
supplemental biasiﬁg force increasing in relation to
decreases in the force applied by the first spring
arrangement to minimize force changes between the rotating
wheel and the interior surface of the ﬁipe. Means are

provided for comnecting the support device to the inspéction
tool.



will be noved toward the pipe wall by the force provided by springs _48. The

bi asing force of the spring 54 aids in recentralizing tke WA
section 14 by providing a supplenental lifting force as tﬁg&%’“%’ﬁfgﬁaq
LR TCRERYRY)

| arger dianmeter pipe. In this manner, the wheel force i$§

mai ntai ned to provide for effective inspectigpn as the i deTol

t hrough | arger-di aneter portions of the pipeline. Hence, e support device
28 provides sufficient force to properly support the inspection tool
concentrically within the interior of the plpellne during | ongitudi nal

movement  of th%ht o2 hée‘iv‘irs] \émutip:agk.ge;)g&maled for rotation during

longitudinal travel of the inspection tool through the pipe
being inspected.

The second spring is bias mounted on the support device
relative to the pair of coil springs.

The arrangement for connecting the support device to the
inspection tool may include a base plate. A wheel support is
connected to the base plate and extends thexefrom at one end
and at an oppdsite end has a bifurcated portion within which
the wheel is journaled for rotation. An end of each of the
pair of coil springs is connected to the bifurcated portion,
and an opposite end of the springs is connected to the base
plate. An end of the second spring is connected to the base
plate'amd an opposite end of this spring is connected to the
wheel support at a location thereon between the wheel and the
base plate.

The 1nspection tool to which the support device is
connected has a magnetizing portion that camprises a pair of
spaced-apart xings each having & plurality of radially
extending brushes of magnetically conductive material
extending from a periphery surface. These brushes are
adapted for contact with the interior surface of the pipe. A
plurality of the support devices are mounted in spacedrapart
relation on the periphery surface of the rings with the wheel
of each support device being adapted fox contact with the
interioxr surface of a pipe during movement of the inspection
tool through the pipe for inspection. The radially extending
brushes are positioned on the periphery surface of the rings
at locations between the locations of the support devices on
the periphery surface.



increased dianeter. This avoids the prior-art problem of deterioration_of

the steel brushes 60 as a result of supporting the inspeffti A .

the pipeline. In addition, this permts the device to be eﬁé%gééé%ﬁ%yééééy
for inspection of pipe of various dianeters by providing aEEeHu_n n'}eFrErngd

magnetic flux field wthin the pipe wall. Specifically if AN A<V P21 e M Y

sane device may be used to effectively inspect pipe of both 30 and 32 inch

i nside dianeters. Figures 6A and B relate to-IHhe followi ng specific exanple
of force and vector product cal culations for an

BRXIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevational view in assembly of a
conventional in-line pipe inspection tool with which the
suppoxt device of the invention may be used;

Figure 2 is an elevational view of one embodiment of the
support device of the invention;

Figure 3 is a front elevation view in parxrtial section of
the device of "Figqure 2;

Figure 4 is a front view of the magnetizer poxtion of an
in-line pipe inspection tool showing the support device of
Figures 2 and 3 mounted thereon;

Figure S is a view of the inspection tool of Figure 4 in
cross—section;

FPigures 6A and B show a typical example of force and
vector product calculations of an embodiment of the tool of
the invention for inspection of pipe having a diameter of 32
inches; and

Figﬁres 7A and B show a similar typical example of an
embodiment for the inspection of pipe having a diameter of 30
inches.

DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to the drawings, and for the present to
Figure 1 thereof, there is shown a typical in-line pipe
inspection tool designated generally as 10. This tool is of
the type adapted for longitudinal travel in the right to left
direction as viewed in Figure 1 through a pipeline to perform
inspection for defects using magnetic flux leakage
technology. The tool is moved through the pipeline by the
product flow through the pipeline, which product may be fox
example oil.



enbodi ment of the support device of the invention relating to use in

i nspecting pipe having an inside diameter of 32 inches: — r==Se—&primg=force=)

= 1,078. 2 | bs. P = Force of Weel at Point of Contact wi{l REPLACEMENI SHEET
err]/d = 1947.3 I b.in/1.66 in 1173.07 |bs.

M | Datxe‘2 T FEB 1097

------------------------------

The tool 10 as shown in Figure 1, includes a plurality
of drive cups 12 that form a positive seal on the internal
surface of the pipe to allow the tool to be propelled through
the pipe by the pipeline product. A magnetizing section 14

' is located behind the drive cups and performs the actunal
pipeline inspection. The major components of this section
are an electromagnet (not shown), steel brushes and
transducers. The steel brushes are designated as 16 and the
transducers are designated as 18. The electromagnet is
battexy-powered and provides the magnetic force which induces
the magnetic flux field into the pipe wall. The steel
brushes are provided as shown in Figure 1 in two sets with
one being the magnetic north and the other the south poles of
the magnetic flux field. Constant contact is required
between these two sets of steel brushes with the interior
pipe wall to provide an uninterrupted magnetic flux field in
the width of the pipe wall. As will be shown and described
hereinafter, the support device of the invention finds
utility in combination with these steel brushes of the
magnetizer to provide for improved performance from the
standpoint of properly supporting the tool relative to the
internal surface of the pipe during travel through the pipe.
The transducers are positioned to overlap the complete 360°
inspection surface of the pipe wall. When a defect is
present in the pipe wall, these transducers detect the
corresponding leakage of the magnetic flux field and then
transmit a signal indicating the presence of this defect to
an electronic recording unit.

The tool 10 further includes a distance measuring
section 20 having wheels 22 that measure the progress of the
tool as it moves through the pipeline. This information may
for example be recorded on magnetic tape. A recorder section
24 is provided to process the data detected by the transduce



. Monent M about Ais the vector product: MA = rferr] x F where F = Flerr

t he conponent of F normal to the moment armA in this
force opposing the counter- clockw se rotation about

Fy F[err] being the conponent of F normal to the nonen 10
Ud;g%
(cos 0.83[err]) - 1078.2 | bs (cos 78.95) 1079.09 |bs -} 206 65 tiyg e

and recorded on magnetic tape- The recorder section also may
house necessary electronic components, such as amplifiers and
the like. A battery section 26 of the tool is used to house
the batteries that supply the electrical current necessary to
operate the magnetizer and recorxrder. This section includes a
pressure proof compartment that protects the battery from the
pipeline pressure and product.

In accordance with an enmbodiment of the invention, the
support device thereof is shown in detaill in Figures 2 and 3
and is designated generally as 28. This support device 28 is
mounted on a magnetic ring 30, as shown in Figure 5, which is
a component of a magnetizer section of an in-line inspection
tool of the construction shown in Figure 1.

The support device 28 includes a base plate 32 used to
connect the device 28 to the ring 30 by bolts 34, as shown in
Figuxe 5. |

A wheel-support 36 is connected to the base plate 32 and
has an upper bifurcated portion 38 within which a wheel 40 is
journaled for rotation on shaft 42 and bearings 44. The
shaft 42 is secured by screw 46. A paixr of springs 48 are
parallel connected at one end to the base plate and at the
other to wheel support 36 at pivotal connections 50 and 52,
respectively. A second spring 54 is bias mounted between the
pair of Springs 48 and is connected at one end to the base
plate and at the other end to the wheel supporr 36 at pivotal
connections 56 and 58, respectively.

As shown in Figures 4 and 5, a plurality of the support
devices 28 are mounted on the ring 30 in equi-spaced apart
relation with pairs of steel brushes 60 being mounted on the
ring between each support device 28. .

With the ring 30 shown in Figures 4 and 5 and having
mounted thereon the plurality of support devices 28 in

accordance with the invention, as the inspection tool moves
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| bs) = 3012.18 Ib.in - 1064.87 Ib.in = 1.947.3 |b.i ﬁaeanaﬁengsﬂng

i's not conpressed during the inspection of 32 inch dj amet?r]ﬂ%gﬁw
{ Dl

therefore, the total force of wheel 40 at point of
wal |l is 1,173.07 pounds. Figures 7A and B rel ate t o tretottow rg=speci f i C

exanpl e of force and vector product cal cul ations for an enbodi nent of the

support device of the invention relating to 8

through the pipeline, the brushes 60 contact the interiox
surface of the pipeline to produce the magnetic flux field in
the pipe wall. The wheels 40 of the support device 28 are
also in contact with the interior surface of the pipeline
during this operation to provide the required support for the
inspection tool. In the presence ©f an increase in the
inside diameter of the pipeline, such as encountered during
the inspection of pipe of increased diameter, the wheel 40
will be moved toward the pipe wall by the force provided by
springs 48. The biasing force of the spring 54 aids in
recentralizing the magnetizing section 14 by providing a
supplemental lifting force as the tool enters the larger
diametexr pipe. In this manner, the wheel force is
sufficiently maintained to provide for effective inspection
as the inspection tool moves through . larger-diameter portions
of the pipeline. Hence, the support device 28 provides
sufficient force to properly support the imspection tool
concentrically within the interior of the pipeline during
longitudinal movement of the tool, even with pipe of
increased diameter. This avoids the prior-art problem of
deterioration of the steel brushes 60 as a result of
supporxting the inspection tool within the pipeline. In
addition, this permits the device to be effectively used for
inspection of pipe of various diameters by providing an
uninterrupted magnetic flux field within the pipe wall.
Specifically in this regard, the same device may be used to
effectively inspect pipe of both 30 and 32 inch insxde
diameters.

Fignres 6A and B relate to the following specific
example of force and vector product calculations for an
embodiment of the support device of the invention relating to

use in inspecting pipe having an inside diameter of 32
inches:



'use in inspecting pipe having an inside dianeter of 30 inches. -10-
Spring Force = 2,386.6 | bs. P = Force of \Weel at Point |

Pipe Vall = Merr]/d = 2949.8 | b.in/3.491 in =845 | bs.
t he vector product:

MaERACAMERP Yiighr

------------------------

- £ et

Spring Force = 1,078.2 1bs. P

Foxce of Wheel at Point

of Contact with Pipe Wall
Mp/d = 1947.3 1b.in/1.66 in
1173.07 1lbs.

Moment M about A is the vector product:
Mp =rpa/BXF

Fyx being 'the component of F
nornal to the moment arm B

FY being the component of F
normal to the moment arm A

in this case, Fy is a force opposing the counter-
clockwise rotation about Mjp.

F = 1078.2 1bs (cos 0.83°) - 1078.2 1lbs (cos 78-95°)
= 1079.09 1lbs ~ 206.65 lbs
Ma = B(Fgx) — A(F

(Fy)
2.794 in (1378.09 i1bs) - 5.153 in (206.65 1bs)
3012.18 1b.in - 1064.87 1b.in
1.947.3 lb.in

nn

The biasing spring 54 is not compressed during the inspection
of 32 inch diameter pipe and therefore, the total force of
wheel 40 at point of contact with the pipe wall is 1,173.07
pounds. .

Figures 7A and B relate to the following specific
example of force and vector product calculations for an
embodiment of the support device of the invention relating to

use in inspecting pipe having an inside diameter of 30
inches.



Merr] =r[err] x F where F = F[err] + F[err] F[err] being the conponent of
F normal to the moment arm B Flerr] being the conponent of F normal to the
monent armA in this case, F[err] is a force opposing t ountet

cl ockwi se rotation about Merr]. F 2386.5 I bs (cos 12 ég%ﬁﬁFMEﬂﬂﬁﬂﬁET

I b 66. 12 = 2328.11bs - 966.1 1Db =
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ipring Force = 2,386.6 1lbs. P Force of Wheel at Point

of Contact with Pipe Wall
Mp/d = 2949.8 1b.in/3.491 in
84S lbs.

on

Moment M about A is the vector product:
Ma = ra/p X F
where ¥ = Fy + Fy

Fx being the component of F
norimal to the moment arm B

Fy being the component of F
normal to the moment arm A

in this case, ig is a force opposing the counter-
le}

clockwise rotation ut Ma.
F = 2386.5 1bs (cos 12.7°) - 2386.5 1lbs (cos 66.12°)
= 2328.1 1bs -~ 966.1 lbs
Mz = B(Fx)

~ A(Fy)
= 3.283 in (2328.1 1bs) — 4.858 in (966.1 1lbs)
- 7683.1 1b.in - 4693.3 lb.in
= 2949.8 1b.in

The resultant force of the springs 48 is 845 pounds,
with the biasing spring 54 being compressed and providing an
additional 250 pounds of force at wheel 40 point contact with
the pipe wall. Therefore, the total force at point contact
of wheel 40 with the pipe wall is 1,095 pounds.

In accoxdance with this specific example, when the tool
passes from a 30-inch dlameter pipe to a 32-inch diameter
pipe, the biasing spring 54 extends to provide a supplemental
force to that of the springs 48 to rapidly and effectively
position the magnetizing section 14 within the pipe.



.3.283 in (2328.1 Ibs) - 4.858 in (966.1 Ibs) 7643.1 Ib.in - 4693.3 Ib.in
2949.8 | b.in The resultant force of the springs 48 is 8

bi asi ng spring 54 being conpressed and providing an addltman&ﬂGEMENﬁdﬁHﬁEE
of force at wheel 40 point contact with the pipe wall.

her ef o ta
force at poiLnt contaet-—-of—wheel 40 with the pipe wall i% t695é26£%35u~
accordance W th this!ﬂm ﬁ‘“h exanpl e, when the tool passes=+rorra 3o

di anet er pipﬁﬂ"! nmeter pipe, the biasing spring 54 extends to
provi de a supp
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HHAT IS CLATMED:

1. A variable force support device for supporting an
in-line pipe inspection tool during longitudinal travel of
the tool through a pipe being inspected, said device
comprising, rotating means for rotational contact with an
interior surface of said pipe during travel of said tool
through the pipe, a first spring means for .applying force to
said rotating means to normally urge said rotating means
against said interior surface and adapted for compression in
response to a compressive force tramnsmitted thereto from said
rotating means resulting from contact of said rotating means
with said intexiox surface, a second spring for applying a
supplemental biasing force to said rotating means with said
supplemental biasing force increasing in relation to
decreases in the force applied by said first spring means to

minimize force changes between said rotating means and said
interior surface. '

2. The device of claim 1 further comprising, said
rotating means being a wheel provided for rotation during

longitudinal travel of the inspection tool through the pipe
being inspected.

3. The device of claim 2 further comprising, said
first spring means including a pair of coil springs.

4. The device of claim 3 further comprising, said pair
of coil springs being parallel mounted on said support device
at opposite ends of said wheel.



.force to that of the springs 48 to rapidly and effectively p05|t|on the
magneti zi ng section 14 within the pipe. -11- WHAT | : B

vari abl e force support device for supporting an in-lin
tool during longitudinal travel of the tool through a
sai d device conprising, . rotatingneans for rotationa
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5. The device of claim 4 further comprising, said
second spring being bias mounted on said support device
relative to said pair of coil springs.

6. The device of claim 5 further comprising, said
means connecting said support device to said inspection tool
including a base plate, a wheel support connected to and
éxtending from said base plate at one end and at an opposite
end having a bifurcated portion within which said wheel is
journaled for rotation, an end of each of said pair of coil
springs being connected to said bifurcated portion and an
opposite end thexreof being connected to said base plate, an
end of said second spring being comnected to said base plate
and an opposite end being connected to said wheel support at
a location thereon between said wheel and said base plate.

7. The device of claim € further comprising, said
inspection tool including a magnetizing portion that
comprises a pair of spaced-apart rings each having a
plurality of radially extending brushes of magnetically
conductive material extending from a periphery surface and
adapted for contact with the interior surface of the pipe and
a plurality of said support devices mounted in spaced-apart
relation on the periphery surface with the wheel of each
device adapted for contact with the interior surface of the
pipe.

8. The device of claim 7 further comprising, said
radially extending brushes being on said periphery surface at
locations between said support devices.
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interior surface of said pipe during travel of said toof¥ O
a first spring means for applying force to said rotatingREPAACEMENTGHER
urge said rotating nmeans against said interior surface jand a;ip't?g

conpression in response to a conpressive force transnmi tif éte: Bf
said rotating nmeans resulting fromcontact of said rota 'd
interior surface, a second spring for applying a supplenental biasing force
to said rotating neans with said’SuppIe al biasing force increasing in

Tt 26 1 or o e com AN LIELELEE ABRRECIAGN, TORE 9 TPANS 10

S OF IS

A device for the in-line inspection of pipe. The device
is spring-loaded to provide an adequate pressure between the
supporting brushes of the device and the interior pipe wall
for effective magnetic inspection with pipe of wvarxious
internal diameters.

ggw& Ne 2



interior surface. 2. The device of claim1 further conprising, said

rotati ng neans being a wheel provided for rotation duri
travel of the inspection tool through the pipe being ingp
device of claim2 further conmprising, said first spring
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pair of coil springs. 4. The device of claim3 further cBﬁ%ﬁTsijgp-

pair of coil springs being parallel myygted on said suppor
opposite ends of said wheel.
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device at
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bi as nounted on said support device relative to said paifj akpcatdment si
6. The device of claimb5 further conprising, said neans connecziaﬁe@a
support device to said inspection tool including a base pl ghig;.. & Wieged NP
support connected to and extending fromsai d base pl ate &—opre-—end-an .
an opposite end having a bifurcated por3’|7on wi thin which said wheel is
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journaled for rotation, an end of each of said pair of coil springs being
connected to said bifurcated portion and an opposite end |[fHeT eof-—BeFrg ==
connected to said base plate, an end of said second spri SEF%%E%ENﬁédEEM
to said base plate and an opposite end being connected t ai d

support at a |location thereon between said wheel and sai §%§§e2\,\?mw
The device of claim6 further conprising, ¥ d inspection t ool THcruorg—a=
magneti zi ng portion that conprises a pair of spaced-apart rings each having
a plurality of radially extending brushes of magnetically conductlve
materi al extending froma periphery surface and
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adapted for contact with the interior surface of the pipe and_a plurality

surface with the wheel of each device adapted for contact kpterlor
surface of the pipe. 8. The device of claim7 further conppigi.ng;! $: 4841997
radi al | y extendi ng brushes being on said periphery surface-agt-loeatians——

of said support devices nounted in spaced-apart relation 1EPEE§j§§aEﬂhQHEET
tht e?' '

bet ween sai d support devi ces.
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