I*I Innovation, Sciences et Innovation, Science and CA 2918112 C 2021/06/15

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 91 8 1 1 2
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2014/07/03 (51) ClLInt./Int.Cl. BO8B 9/055 (2006.01),

o o . B60L 7/28(2006.01), F16L 55/26 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/01/15 GOTM 3/00 (2006.01)

(45) Date de délivrance/lssue Date: 2021/06/15 )

(72) Inventeurs/Inventors:
(85) Entrée phase nationale/National Entry: 2016/01/12 DANILOV, ANDREY, DE;
®6) N° demande PCT/PCT Application No.: EP 2014/001830 BEUKER, THOMAS, DE
(87) N° publication PCT/PCT Publication No.: 2015/003783 (73) Propriétaire/Owner:

o ROSEN SWISS AG, CH
(30) Priorité/Priority: 2013/07/12 (DE10 2013 011 626.0)
(74) Agent: MARKS & CLERK

(54) Titre : RACLEUR D'INSPECTION OU NETTOYAGE D'UN CONDUIT ALLONGE
(54) Title: A PIG FOR INSPECTION OR CLEANING OF AN ELONGATE PIPE

(57) Abrégé/Abstract:

A pig, in particular an inspection or cleaning pig, for passing through an elongate pipe (1) having a pipe wall, preferably a gas
pipeline, said pig comprising at least one functional unit (2) for cleaning the pipe (1) and/or for gathering pipe information and
comprising a plurality of magnets (13), and said pig having an eddy current-braking unit (3) formed by the magnets (13).

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



CA 02918112 2016-01-12

Abstract:

A pig, in particular an inspection or cleaning pig, for
traveling through an elongate pipe (1) with a pipe
wall, preferably a gas pipeline, comprising at least
one functional unit (2) for cleaning the pipe (1)
and/or for recording pipe information and also
comprising a plurality of magnets (13), wherein the pig
has an eddy current braking unit (3) formed at least

partly by the magnets (13).
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A pig for inspection or cleaning of an elongate pipe

The present invention relates to a pig, in particular an
inspection or cleaning pig, for traveling through an
elongate pipe, preferably a gas pipeline, the pig having
at least one functional unit for cleaning the pipe and/or
for recording pipe information and also a plurality of
magnets. Pipe information may be, for example,
information on the position of cracks, points of

corrosion, pipe (wall) deformations or diameters.

The prior art according to EP 1 828 764 Bl discloses a
pig which has a functional unit for recording pipe
information for the identification of defects in the pipe
wall. For this purpose, the pig has a plurality of
magnets, which magnetize the pipe wall in a region that
can be scanned by the sensors. A disadvantage of the
passively moved pigs is that, depending on the operating
medium and the friction produced in the pipe, they may
move along at different rates. For example, the friction
increases at cross-sectional constrictions of the pipe,
and so the speed of the pig is reduced. As a conseguence,
in particular in the case of a gas pipeline, pressure
builds up behind the pig, and then strongly accelerates
the pig at the moment that the frictional resistance is
overcome. This leads to inferior gquality of the data of
the measurement, even to the extent of failure of the
measurement for the region in which the pig is moved

along above a critical speed of for example 5 m/s.

It is the object of the present invention to be able to
keep better control over the speed of a pig that is used

in pipes, preferably gas pipelines.

Date Regue/Date Received 2020-09-08
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Accoxrding to the invention, it is provided that the pig
has an eddy current braking unit formed at least as
part of the unit formed by the magnets. This eddy
current braking unit, which may be formed as part of an
existing pilg or as a Dbraking wunit that can be
additionally coupled onto an existing pig, provides the
plg with a wear-free brake, which specifically exploits
the interaction of magnetic fields in a wall of the
pipe generated on account of eddy currents by the
magnets of the pig to produce a braking force and to

keep the speed under control.

In particular, by interaction of the magnets with
magnetic fields induced in the wall of the pipe on
account of eddy current or eddy currents, a speed-
dependent braking force is produced, with the effect of
preventing the pig from reaching a speed that is
unacceptable for cleaning or recording measurement
data. For the situation described above, with an
increased fricticnal resistance for example on account
of a weld seam, with a pig according to the invention a
less strong acceleration is obtained when the
frictional resistance 1s overcome, since the braking
force emanating from the eddy current braking unit
increases with increasing speed. Conversely, the
braking force drops to “0” when the speed is reduced to
U

The eddy current braking unit is formed as part of the
unit formed by the magnets at least in the sense that
it generally has further parts besides, such as for
example holding means by way of which the magnets are
held in a specific position or by way cf which the eddy
current braking unit is connected to further segments

of the pig.

In compariscn with magnets Xnown £from the prior art

that are used for pre-magnetizing the wall of the pipe
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or the pipe wall and for recording pipe information,
the forces produced by an eddy current braking unit are
greater by at least a factor of 5, preferakly a factor
of 10. Only in this way can a sufficient effect be
achieved, with the aim of keeping the speed of the pig
within desired ranges, or at least more within desired

ranges.

In particular, the magnets of the eddy current braking
unit are designed in such a way that the eddy current
braking forces produced by the eddy current braking
unit are greater than the increases in frictional force
that typically occur or are to be expected in a
pipeline, for example on account of weld seams, dents
or the 1like. It 1is true that a greater pressure 1is
necessary behind the pig according to the invention for
starting the pig and for reaching the flow rate of the
pipe medium. However, if the pig meets an obstacle, for
example a weld seam in the pipeline, and the speed 1is
reduced as a result, the braking force emanating from

the eddy current Dbraking unit is reduced, which

counteracts the reduction in speed. The pig
consequently moves more uniformly, which is
advantageous for cleaning and data recording

operations. In the ideal case and desired operational
case, when the braking forces of the eddy current
braking unit are greater at the measuring speed than
the increases in frictional or braking force exerted by
any obstacles there may be in the pipe, the speed-
dependent braking force allows the pig to pass over
obstacles without stopping, and conseguently avoids
excessive speeds being caused by a gas pressure

building up behind the pig when it stops.

After passing over the obstacle, any additionally

()

built-up pressure, and he accompanying increase in
gpeed, 1s compensated by way of the increase in the
braking force on account c¢f the eddy current braking

unit in such a way that the maximum speed does not
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exceed a limit value given for measurement or cleaning,

or only briefly.

While in the prior art the magnets used are often used
to bring wide regions of the pipe wall into the region
of magnetic saturation, the aim with the construction
of the eddy current braking unit is to avoid saturated
regions as much as possible and obtain a maximum of
(magnetic) flux density perpendicular to the inner
surface of the pipe over as wide a region as possible.
The build-up of eddy currents with the desired effect
takes place in particular by a magnetic flux running
perpendicularly to the inner surface of the pipe and in
the wall thereocf. For this, the magnets are arranged
one behind the other with alternating polarities in the
longitudinal direction of the pig, i.e. in a direction
that corresponds to a longitudinal direction of the
pipeline, in order in this way to increase the region
with a magnetic £lux running perpendicularly to the
inner pipe surface and reduce the influence of

saturation.

In particular, the magnets are arranged in such a way
that the alignment of south pole tc north pole runs
parallel to the longitudinal direction of the pig.
Effective eddy current braking units are preferably
provided in the longitudinal direction of the pig with
at least three magnets arranged one behind the other
with opposing alignments, i.e. alternating polarities.
This is improved by there being at least four, five or
six magnets arranged one behind the other. The number
of magnets i1s to be based on the desired braking force

and the ability of the pig tc negotiate bends.

While the magnets may also be aligned perpendicularly
to the longitudinal axis o¢f the pig, in order to
generate directly a magnetic £field that 1s directed

into the pipe wall and is directed perpendicularly

thereto, in particular magnets that are aligned in the
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longitudinal direction, and consequently parallel to
the longitudinal center axis of the pig, are at least
provided with a magnetically permeable connecting
element, which preferably connects two magnets to one
another. Such a connecting element serveg for the
specific concentration and/or introduction of field
lines into the pipeline wall and is aligned with a
longitudinal axis that runs in the direction of its
longest extent in particular perpendicularly to the
pipeline wall, and is preferably to be positicned close
to the wall. The connecting element may be formed from
one or more pieces, for example from a number of bars

or plates lying against one another.

Particularly advantageous is a formation with a total
of at least 4 magnetic connecting elements that
respectively have a magnet between them, and so the
construction forms at least three wmagnetic circuits,
i.e. closed paths of the magnetic flux, arranged one
behind the other in the direction of travel. The closed
paths run through the connecting elements, the
permanent magnets or electromagnets, the pipe wall and

any gaps there may be between the individual elements.

An eddy current braking unit according tc the invention
is preferably used to generate eddy currents in the
pipe wall, rrunning in the circumferential direction
around the pig, with the aid of which improved braking
forces, to be specific eddy current braking forces, can
ke achieved. The possible Dbraking £forces are even
greater if the magnets are arranged alternatingly one
after the other, and in particular also connected by
permeable connecting pieces, in such a way that a
plurality of eddy currents flowing alternately in

opposite directions are generated.

In order to produce highest possible alternating flux
densities in the pipe wall, and here perpendicularly to

the inner surface of the pipe, and at the same time to
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optimize the eddy current braking unit from the aspect
of negotiating bends in the pipe, the extent of the
magnets from pole end to pole end is legs than the
extent of the magnets transversely thereto. The magnets
are consequently flat. This i1is preferably in the
direction along the longitudinal axis of the pig. With
magnetically permeable connecting elements that are
likewise formed flat, i.e. short in the direction of
the longitudinal center axis, correspondingly high
fluxes directed in opposite directions can be produced
in the pipe. The extent of the connecting elements may
then preferably be greater here in the direction
perpendicular to the inner surface o<of the pipe, and
consequently also perpendicular to the longitudinal
axis of the pig, than 1in the direction transverse

thereto.

The combination of a magnet with at least one
magnetically permeable connecting element or else with
two magnetically permeable connecting elements each on
one side leads to the formation of a magnetic yoke,
i.e. a combination of a2 magnetically permeable material
with a permanent magnet or electromagnet. The same
connecting element may at the same time be part of two
adjacent magnetic yokes. Correspondingly, the sequence
of the magnets with the connecting elements may
together also be referred to as a gequence of in

particular five interconnected magnetic yokes.

The individual magnetic vyokes may be arranged one
directly behind the other in the longitudinal
direction. In order to improve the ability to negotiate
bends and ability to adapt tc defects in the pipe, the
individual yvokes may, when considered in the
longitudinal direction, alsc be arranged £lexibly
against one ancther or relatively movably in relation

c one another.
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The magnetically permeable connecting element i1s in
particular formed as a plate or bar or by a plurality

of bars.

For easier construction of the tool, multiple magnets
are arranged on a carrier unit. In particular, one
behind the other in the longitudinal direction. The
formation of eddy current fields in the pipe is
additionally improved if multiple carrier units are
arranged next to one another in the circumferential
direction of the pig. It is thus conceivable that, with
respect to a longitudinal center axis of the pig, an
eddy current braking unit has magnets conly on one side
of the axis. However, it 1s more advantageocus for the
formation of eddy currents running around completely in
the circumferential direction 1if wmagnets are for
example also arranged on the oppogite side, then lying
next to the further magnets in the circumferential

direction.

There are preferably a plurality of carrier units lying
next to one another in the circumferential direction,
in particular wmore than three, and so, within the
installation space that is available, the eddy current
braking unit is provided with magnets running arocund in
the circumferential direction, and an optimum alignment
of eddy currents running around the pig 1in the
circumferential direction is correspondingly achieved.
In particular, the carrier units are arranged next to
one another rotationally symmetrically in the

circumferential direction with smallest possible gaps.

The pig preferably has at least one spacer, by way of
which the magnets can be positioned at a distance from
the wall. When there are a plurality of carrier units,
the spacer may be centrally responsible for all the
carrier units. In particular, however, each carrier
unit dis assigned at least one spacer. Sti

i
advantageously, each carrier unit has at least one
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spacer respectively at its beginning and at its end in
the longitudinal direction. The spacer is attached to

the magnet carrier or may be part of the same.

When spacers that reduce the mechanical friction on the
inner side c¢f the pipe, such as for example skids or
wheels, are used, the eddy current braking unit can be
designed specifically and independently of mechanical
frictional Eorces. The same also applies

correspondingly to the carrier units.

A pig according to the invention with an eddy current
braking unit is improved in Dbeing adaptable to
respective pipeline situations in particular whenever
the spacer 1is wvariable 1in such a way that, when
projected onto a plane perpendicularly to the
longitudinal axis of the pig, the spacer can be
positioned in relation to the magnets. As a result, the
distance of the magnets from the pipe wall can be set.
Depending on the maximum speed that occurs in the pipe,
the braking force exerted by the eddy current braking

unit is adaptable.

The following applies for the eddy current braking
force

Fome= | (V% BYx BN
;

where ¢ 1is the electrical conductivity of the pipe, v
is the speed of the pig and B is the magnetic flux
density in the magnetized pipe. The eddy current

density j = o v x B.

The eddy current braking unit is preferably connected
as an independent subassembly of the pig to the
functional unit in particular by way of a joint. It may
however alsc be partiaily fitted with sensors for
recording data of the pipe, and consequently represent

a combined eddy current braking and functional unit.
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If Ferake (V1) for a pipe diameter D; with an undisturbed
advancement without any cross-sectional constriction
and with a pig speed v1 1s known, it has been found
from an extensive number of simulations that the
braking force for setups with identical carrier units
can preferably be determined as follows for different

pipe diameters Deipe.

FBrake-(DPipe; ViFEFBake(v }iBP‘zpe 01
Preferably, with a speed vl of the pig of 2 wm/s, a
lower estimate is obtained for the braking force Fzrake

according to the following approximation:

- *i
FBraf»{s =m a“épe;

where Dpipe = diameter of the pipe in meters,
m = 7000 N/m

This gives an advantageous formation in particular for
pipes up to a diameter of (0.80 m; the lower estimate
tends to be higher for larger diameters, since the
braking forces may also be greater and longer carrier

units may be used on account of greater bends.

The spacers may preferably be designed as rollers
arranged on the carrier unit, by way of which the
carrier unit can be supported on a pipe wall irn a
friction-reducing manner. However, they may also be

skids, cups or other spacers.

The carrier units are preferably mounted movably in the
direction transverse to the longitudinal axis of the
&

pig, 1in order to Dbetter overcome or pass through

unevennesses and bends.
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According to an aspect of the present invention, there
is provided a pig, 1in particular an inspection or
cleaning pig, for traveling through an elongate pipe with
a pipe wall, preferably a gas pipeline, comprising at
least one functional unit for cleaning the pipe and/or
for recording pipe information and also comprising a
plurality of magnets, characterized in that the pig has
an eddy current braking unit (3) formed at least as part

of the unit formed by the magnets.

According to an aspect of the present invention, there
is provided a pig for inspection or cleaning of an
elongate pipe having a pipe wall, said pig comprising:

an eddy current braking unit extending in a
longitudinal direction, said eddy current braking unit
having a plurality of magnets arranged one behind the
other with alternating polarities in said longitudinal
direction,

wherein, said eddy current braking unit produces a
speed-dependent braking force by interaction of the
plurality of magnets with magnetic fields induced in the

wall of the pipe on account of eddy current.

According to another aspect of the present invention,
there is provided a pig for inspection or cleaning of an
elongate pipe having a pipe wall, said pig comprising:

an eddy current braking unit having a plurality of
magnets arranged to generate eddy currents in the wall
of the pipe in a circumferential direction running around
the pig,

wherein, said eddy current braking unit produces a

speed-dependent braking force by interaction of the

Date Regue/Date Received 2020-09-08
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plurality of magnets with magnetic fields induced in the

wall of the pipe on account of eddy current.

According to another aspect of the present invention,
5 there is provided a pig for inspection or cleaning of an
elongate pipe having a pipe wall, said pig comprising:
an eddy current braking unit having a plurality of
magnets assigned at least one magnetically permeable
connecting element, which connects at least two magnets

10 to one another,
wherein, said eddy current braking unit produces a
speed-dependent braking force by interaction of the
magnets with magnetic fields induced in the wall of the

pipe on account of eddy current.

Date Regue/Date Received 2020-09-08
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Further advantages and details of the invention can be

taken from the description of figures with exemplary

embodiments that follows. In the schematic figures:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figures 2 and 10

shows a basic representation of a

device according to the invention,

shows a device according to the

invention in a partial view,

shows a part of the device as shown

in Figure 2,

shows a longitudinal section through
a part of a further device according

tc the invention,

shows a cross section through a
further device according to the

invention,

shows a 1longitudinal section through
a part of a further device according

to the invention,

shows a diagram for the operation of

a device according to the invention,

shows a diagram of the dependence of
the braking force of the eddy current
braking unit of a pig according to

the invention on the pipe diameter,

show the alignment of £field lines and

eddy current lines,

shows a diagram of the force in

dependence on the speed.
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Individual technical features of the exemplary
embodiments described below may also be combined in
combination with exemplary embodiments described above
and also the features of the independent claims and any
other <claims to form devices according to the
invention. Wherever meaningful, elements that act
functionally in the same way are provided with

identical reference numerals.

A pig according to the invention, which is designed for
traveling through an elongate, preferably cross-
sectionally substantially c¢ircular, pipe 1 with a
hatched wall has in the present case a functional unit
2 for recording pipe information and alsc an eddy
current braking unit 2. The two units are connected to
one ancther in an articulated manner by way of a joint

4.

The eddy current braking unit 3 is provided with a
plurality of carrier units 7 arranged in the
circumferential direction of the pig about a
longitudinal axis 6, which corresponds to the
longitudinal center axis. In the longitudinal direction
of the pig conseguently means in a direction parallel
to the longitudinal center axis or longitudinal axis 6.
The eddy current braking unit as shown in Figure 2 has
a total of eight carrier units, which are designed for
the formaticon of eddy currents lying one behind the
other in the longitudinal direction of the pipe and
flowing in opposite directions. The carrier units 7 are
arranged movably in the radial direction on a carrier
body 8, in order to be able tc compensate for
unevennesses on the inner side of the pipe. At one end,
each carrvier unit has twoc spacers 9 in the form of
rollers, while at the opposite end a single roller is
respectively arranged. On the side with only one spacer
9, the carrier unit is arranged on the main body of the
eddy current braking unit in an articulated manner by

way of a Jjeint 11. By detaching a covering 12, a
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carrier unit 7 can be swung out, in order to make
adjusting means located on the side lying toward the
longitudinal center axis accessible. By way of such
adjusting means, individual magnets 13 or associated
connecting elements 14 can be positioned further
outward or inward, 1in order to be able to wvary the
distance from the pipe wall. As a result, the braking
force obtained during the operation of the unit can be
set in an easy way for respective ambient situations.
In a modular form, the carrier units can also be used
in the case of eddy current braking units for other

internal pipe diameters and be correspondingly adapted.

A single carrier unit is shown in Figure 3. The carrier
unit has a carrier main body 16, which has a
substantially U-shaped form and between the legs of
which connecting elements 14 and magnets 13 are
alternately arranged. The outer-lying connecting
elements 14 are only connected to one magnet 13. A rod
17 sexves for ensuring a minimum distance from the pipe
wall and with the respective wheels prevents the
connecting elements 14 from lying on the inner wall of
the pipe. Depending on the configuration of the carrier
unit, the carrier body 16 may - but does not have to -

be pivotable about an axis 18 or 18'.

The basic longitudinal section through a carrier unit
according to Figure 4 shows the carrier body 16, the
spacers 9, which may be arranged on the carrier body
16, and the fastening elements 14, located between the
legs of the carrier body, including the magnets 13
depicted with polarities “8” and "“N”. Arrows 15 show by
way of example the alignment of the magnetic field

lines.

A basic view in cross section is shown in Figure 5. The
inwardly conically tapering carrier units are arranged

-

completely along the ircumference around the

c
longitudinal axis of the pig. This allows eddy currents
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tc be generated in the pipeline wall in the
circumferential direction of the pig, running around
it. The construction of the magnets as in Figures 6 and
4 is preferably used. While the constructicn of Figure
4 1s preferred, since there the flux 1lines are
concentrated and deflected by the connecting elements
and introduced perpendicularly into the pipe wall, no
concentration toward the pipe wall 1s obtained on the
basis of the magnets 13 aligned perpendicularly to the
pipe wall in Figure 6. The magnets 13 are connected by
way of a connecting element 14, which however is not on
the side of the nearest pipe wall. Rather, fewer
magnets are used over the same length of the eddy
current braking unit. This leads to a lower flux
density, and consequently to an inferior efficiency of
the eddy current braking unit of a pig according to the

invention.

Figure 7 shows results of simulating a develcpment of
the speed of a pig with a braking unit according to the
invention (solid line) and without such a braking unit
{dashed line) in a gas-carrying pipe. Obstacles with a
braking resistance decreasing in the direction x are
arranged at the points x., x; and x3;. These are, for
example, three peripheral weld seams, which bring about
an increased friction for pigs traveling through. ve is
a critical speed, from which measuring inaccuracies

beccome tooc great.

According to the invention, the pig may be designed
such that the eddy current braking forces exerted by
the eddy current braking unit of the pig running with
the flow of the medium are greater than the increases
in frictional force produced by possible obstacles. The
slowing down of the pig at the first obstacle at the
point x; has the effect that the gas builds up behind
the pig, which leads to an increased gas pressure. AL
the wmeoment at which the f£rictional £force can be

i
overcome, the pig not provided with an eddy current
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braking unit accelerates strongly and exceeds the
critical speed ve. When the pig provided with an eddy
current braking unit according to the invention
accelerates, an increase 1in the braking force takes
prlace as a result of the eddy current braking unit,
which accompanies the increase in the speed. This slows
down the pig, and so, in comparison with a conventiocnal
pig, it can quickly reach 1its operational speed. By
contrast, further measuring inaccuracies are brought
about by the overshooting of the pig not provided with
an eddy current braking unit. Alsc at the points x; and
X3, which represent locations of increased friction for
the pig, the speed of the conventional pig changes
greatly, and almost into the critical range, which in
turn leads to data inaccuracies. On the other hand, the
pig provided with an eddy <current Dbraking unit
according to the invention can continue running

substantially uninfluenced.

The uniform travel of the pig is achieved in particular
by the speed-dependent braking force of the pig running
with the medium being greater than the possible
increase of frictional forces being caused for example
by weld seams or dents in the pipe. The decrease in the
eddy current-pbased braking forces on account o0f the
reduction in the speed has the effect of compensating
for the increases in frictional force brxought about by
the narrowings or crosgs-sectional constrictions of the
pipe o©or produced when passing through bends. The pig
continues to run without sticking. Uniform travel of
the pig according to the invention has the effect of a
significant improvement in a cleaning action and/or the

gquality of the data in comparison with the pricr art.

Figure 8 shows by way of example for a pipe wall
thickness of 7 mm the design of the eddy current
braking unitg in dependence on the pipe diameter. The
five different points for the respective diameters show

an approximated linear relaticnship between the eddy



10

15

20

25

(V%)
U

CA 02918112 2016-01-12

- 15 -

current braking units and the pipeline diameter (“Dpipe
[mm]”) for an often used steel ST 37 at a speed of the
pig of 2 m/s (Fprake = 43314 N/m * Dpipe) .

The eddy currents J generated in the circumferential
direction, which when considered in the longitudinal
direction of the pipe or else in the direction of the
speed v run oppositely, are shown in Figures 9 and 10.
The formation according to the invention of a pig has
the effect that the eddy currents J generated run in
the circumferential direction and preferably completely
around the pipe (cf. Figure 10). As described above,
the magnetic fields genervated are ©provided  here
likewise alternatingly in the direction perpendicular
to the surface of the pipe, i.e. with field lines of
opposite directions, and formed substantially radially

in relation to the longitudinal axis.

The braking force (“Force”) of a pig according to the
invention is shown {without units) in Figure 11 as a
function of the speed (“Velocity”) of the pig. The
braking force of the eddy current braking unit (“Eddy
Current Force”), which is at zerc at a speed of v = 0

m/s, is represented by dashed lines. The braking force

exerted solely by mechanical friction (“Friction
Force”) decreases rather with increasing speed and is
represented by dashed lines. The change in the

mechanical friction as a function of speed is generally
much less than the increase in the eddy current force,
and can in first approximation be ignored. Shown by a
solid line is the sum of the resultant braking force
{(“Whole Force of ECB Unit”). In order that a pig
according to the invention with the eddy current
braking unit can pass an chstacle without stopping, the
increase in friction of the pig (comprising the braking
unit and on account of the ckstacle) must be legss than

the braking force at the speed of the pig less the

th

braking force at a speed of zZero.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A pig for inspection or cleaning of an elongate pipe having a
pipe wall, said pig comprising:

an eddy current braking unit extending in a longitudinal
direction, said eddy current braking unit having a plurality of
magnets arranged one behind the other with alternating polarities
in said longitudinal direction,

wherein, said eddy current braking unit produces a speed-
dependent braking force by interaction of the plurality of magnets
with magnetic fields induced in the wall of the pipe on account of

eddy current.

2. The pig as claimed in claim 1, wherein at least three magnets

are arranged one behind the other.

3. The pig as claimed in claim 1 or 2, wherein the magnets have a
first dimension from pole to pole less than a second dimension of

the magnets transversely thereto.

4. The pig as claimed in any one of claims 1 to 3, wherein

multiple magnets are arranged on a carrier unit.

5. The pig as claimed in claim 4, wherein the pig has a
circumference and multiple carrier units are arranged next to one

another around the circumference of the pig.
6. The pig as claimed in any one of claims 1 to 5, comprising at

least one spacer, by way of which the magnets can be positioned at

a distance from the wall of the pipe.
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7. The pig as claimed in claim 6, wherein when projected onto a
plane perpendicularly to the longitudinal axis of the pig, the

spacer can be positioned in relation to the magnets.

8. The pig as claimed in any one of claims 1 to 7, wherein the
eddy current braking unit is designed such that it is connected as

an independent subassembly of the pig by way of a joint.

9. The pig as claimed in any one of claims 1 to 8, wherein the

eddy current braking unit has sensors for recording data of the

pipe.

10. The pig as claimed in any one of claims 1 to 9, wherein, with
a speed of 2 m/s in the pipe, the eddy current braking unit a
braking force Furare in dependence on the pipe diameter of at least
Fprake=mM*Dripe,
where Dpipe = diameter of the pipe [m],

m = 7000 N/m.

11. A pig for inspection or cleaning of an elongate pipe having a
pipe wall, said pig comprising:

an eddy current braking unit having a plurality of magnets
arranged to generate eddy currents in the wall of the pipe in a
circumferential direction running around the pig,

wherein, said eddy current braking unit produces a speed-
dependent braking force by interaction of the plurality of magnets
with magnetic fields induced in the wall of the pipe on account of

eddy current.
12. The pig as claimed in claim 11, wherein a plurality of eddy

currents flowing alternately in opposite directions are generated

during the operation of the pig.
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13. The pig as claimed in claim 11 or 12, wherein the plurality of
magnets have a first dimension from pole to pole less than a second

dimension of the magnets transversely thereto.

14. The pig as claimed in any one of claims 11 to 13, wherein
multiple magnets of said plurality of magnets are arranged on a

carrier unit.

15. The pig as claimed in claim 14, wherein multiple carrier units

are arranged next to one another in the circumferential direction.

16. A pig for inspection or cleaning of an elongate pipe having a
pipe wall, said pig comprising:

an eddy current braking unit having a plurality of magnets
assigned at least one magnetically permeable connecting element,
which connects at least two magnets to one another,

wherein, said eddy current braking unit produces a speed-
dependent braking force by interaction of the magnets with magnetic

fields induced in the wall of the pipe on account of eddy current.

17. The pig as claimed in claim 16, wherein the connecting element
is aligned with the wall of the pipe in such a way that the
magnetic flux enters the wall of the pipe substantially

perpendicularly.
18. The pig as claimed in claim 16 or 17, wherein the plurality of

magnets have a first dimension from pole to pole less than a second

dimension of the magnets transversely thereto.
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19. The pig as claimed in any one of claims 16 to 18, wherein
multiple magnets of said plurality of magnets are arranged on a

carrier unit.
20. The pig as claimed in claim 19, wherein the pig has a

circumference and multiple carrier units are arranged next to one

another around the circumference of the pig.
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