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WO 99/ 13326 PCT/ GB98/ 02547 EDDY CURRENT PI PELI NE | NSPECTI ON DEVI CE AND
METHCD | [EEEEE vibE v vt vt vt teer rrrt *159159*  The invention
relateés to pipeline inspection and nore specifically to a vehicle which cah
be towed tW@8YH326a pipeline to allow anal ysis of its wal PCEERWRW e.

Large di aneter pipes can be tested using conplex pipeline pigs which may

even operate when the pipes are 'live', i.e. when gas, for exanple, 1S
flowi ng through the pipe. Tﬁe‘present inventi?Q seeks to provimwmﬁ%mmmmmmm
oi pes to be t oot oaP oy CHRpAR Kb M ERONSRCEAN R aRE || I

provi ded a pi pel i ne i nspection device for travelling through a p?ﬁgﬁ ne
and including neans for generating an eddy current field within the

pi peline; and neans for detecting the resultant field follow ng passage

t hrough the pipe structure. Further according to the invention there is
provided a nethod of testing a pipeline ponprisin%,gener tin an eddy
current in a T linvepviog tdletes Lot ApehRre HESPRH-ERS : BEEN

REPLACED
specifically to a vehicle which can be towed through

a pipeline to allow analysis of its wall structure.

. Large diameter pipes can be tested using complex

pipeline pigs which may even operate when the pipes
are ‘live’, 1i.e. when gas, for example, 1is flowing

through the pipe.

The present invention seeks to provide an arrangement
which allows both ferrous and non-ferrous small

diameter pipes to be tested for defects.

According to the invention there 1is provided &

. pipeline inspection device for travelling through a

pipeline and including means for generating an eddy
current field within the pipeline; and means for
detecting the resultant field following passage

through the pipe structure.

Further according to the invention there is provided
a method of testing a pipeline comprising generating

an eddy current in a coil, moving the coil through the

(s srer s seen ) (AN

REPLACED eACTION®




*ACTI ONF WD 99/ 13326 PCT/ GB98/ 02547 2 pipeline, and detecting the eddy
current induced in the wall of the pipeline to allow faults in the .

pi peline to be determined. The invention will now be described by way of”
exanpl e i \WWVaWHIZR6 Fi gure 1 shows an enbodi nent of the piPEEIGBAR2GENI cl e
of the present invention; Figure 2 shows the control and data handling
arrangenents of Figure 1 in nore detail; Figure 3 shows a sensing .
configuration with associ at ed proce_sr%i ng; and Figure 4 shows a fl ow chart
associated wth system operati on. e pipeline inspection arrangenent of

Figure 1 conpgises @, Qued dkebiel gy 16hsheamy whidientpiipelucedhiioh can be
towed by a winch (not shown) via cable 12 to allow testing of a pipe

t hrough whi chejhé passesot Thee bapetinvehicol eldompr fawktselvlr &€ i nked

devi ces. These include a power unit 20 and master processor nodule 21 and
a master senspipeling 22. bA deidrmpedenerates a THI' S SHEET H AS SEEN

The invention will now be described by way of example

in which:

Figure 1 shows an embodiment of the pipeline vehicle .

of the present invention;

Figure 2 shows the control and data handling

arrangements of Figure 1 in more detail;

Figure 3 shows a sensing configuration with associated

processing; and

Figure 4 shows a flow chart associated with system

operation. .

The pipeline inspection arrangement of Figure 1
comprises a towed vehicle 10 shown within pipe 1llwhich
can be towed by a winch (not shown) via cable 12 to
allow testing of a pipe through which it passes. The
towed vehicle comprises several linked devices. These
include a power unit 20 and master processor module 21

and a master sensor ring 22. A coil 24 generates a

THIS SHEET HAS SEEN
REPLACED




° REPLACED WD 99/ 13326 PCT/ GB98/ 02547 3 renote field eddy current which is
detected via sensor ring 22. The coil is separated fromthe sensor ring
22 by means of separator 23 to attenuate any directly transmitted field
bet ween t he¥@8¥133%¥4 and sensor 22. A slave ring 25 is al BoVBP&*Hd
separated fromthe coil 24 by attenuating separator 26. The sensor ring
25 is connected to slave processor nodule 27. A base station 30 provides
the link between the vehicle 10 and g conputer 31 so as to initiate
testing and to receive resulting information. A distance encoder 32 is
provi ded to geagiwt @idiatafe cunfentatiich as ddfecteehiéfeSeRRrel s t hr ough
the pipeline. The distance encoder can conveniently be npunted on the
cabl e wheel ¢y Zhowdheaseddi afedeMrERIhe W NER®s§ PRAT 58"The vehicle

is towed the distance travelled is nt i nuousl ed:b o0 the base
station 30. ?%ebiér“}eéﬁﬁeﬁﬁnfef?%ra&?ﬁf%éuhda‘f%eﬂ“ynaﬁéggﬁ dibackL§

; _ _ ddy currents into
the wall of the g%ngtl:é?r}ghﬂuee(?é%ewgeg. nefé@illg_ﬂg%ﬁgr akgdoby2zoi |l 24 W

have det er ni nEg2 currénts can be used in both ferrous and

non- ferrous RiReLines;fh- 85 TBIRELH Coadieh Jeen-Jupgretea) faom the
coil 24 by attenuating separator 26. The sensor ;ing
25 is connected to slave processor module 27. A base

. station 30 provides the link between the vehicle 10
and a computer 31 sO as to initiate testing and to
receive resulting information. A distance encoder 32
is provided to generate distance information as the
vehicle travels through the pipeline. The distance
encoder can conveniently be mounted on the cable wheel
(not shown) associated with the winch so that as t@e

vehicle is towed the distance travelled is

continuously updated back to the base station 30.

. The arrangement is configured to induce eddy currents
into the wall of the pipeline due to the a.c. field
generated by coil 24. We have determined that su;h
eddy currents can be used in both ferrous and non-
ferrous pipelines (i.e. magnetic and non-magnetic) and
with a smooth pipe wall a uniform field decaying with
distance is provided. When non uniformity in the
surface is present due to pitting, cracks, etc., then

changes in the detected eddy currents field occurs and



with a smooth pipe wall a uniformfield decaying with distance is

provi ded. When non uniformty in the surface is present due to pitting,
cracks, etc., then changes in the detected eddy currents field occurs and
WO 99113326VPENBEBI8/ 02547 4 these are detected via sen¥6T&BIPN2ENd 25. By
utilising two sensor array sets the ability to pinpoint the defect point
is enhanced. In addition each sensor array have typically twenty-four
sensors in each so that in total 48 anplitude sensing and 48 phase
sensi ng neasurements can be made coveting the periphery of the pipe. W

have determ ned that by taking phase neasurenmejys g aglitiogyto the
anpl i tude e eAEAL sd"’lttecitgapo%%? blséentsorgi &% A nate between inter nal

and external pipe wall defects  The, jnfordmtd opnto add iftvontbhe base
station can Hg: &y H°4é“%ﬁ§%ogﬁg and 48 digital channels. The

arrangernent deﬁHJf%?jéﬁé capabl ep@in®pes adnnghcean.t hilm sw@iftiphpes of 4"
di aneter or less a has capabifity of coping with 1.5D bends in the
pi peline. Theg,aysi@mceanrkypi saved yyricwildy SWERRYSEUT SHEPYEI with a
wi nch speed of about 6 netres per minute. An x and y. accelengmeter is
i ncorpor at ed whtdrdh tdwe that in total 48 amplitude sensing an
phase sensing measurements can be made covering the
periphery of the pipe. We have determined that by
taking phase measurements in addition to the amplitude .
measurements it is possible to discriminate between
internal and external pipe wall defects. The

information to and from the base station can be passed

on 48 analogue and 48 digital channels.

The arrangement described 1is capable of operating
within small pipes of 4" diameter or less and has

capability of coping with 1.5D bends in the pipeline.

The system can typically provide a émm scan interval .
with a winch speed of about 6 metres per minute. An
x and y accelercmeter is incorporated within the
vehicle to allow orientation information to be sent to
the computer as the vehicle may partially rotate
during its travel through the pipeline. The towing
range can be several hundred metres so providing a

very useful and cost effective inspection mechanism.



vehicle to allow orientation information to be sent to the conputer as the
vehicle may partially rotate during its travel through the pipeline. The
tow ng Trange can be several hundred netres so providing a very useful and
cost ef f ectWQeY13pecti on mechani sm WO 99/ 13326 PCT/ GBOSPUIZEHB/02537 The

i nformation passed to conputer 31 via base station 30 allows a nunber of
paraneters to be determined from the detected information. This can give a
“real-time' display of: 1. anplitude_and phase 2. azinuth 0-360 3.
velocity In addition the defects can be calculated to include the size
and position of defects using. The svehikel erofidri gure 1 wil |
have electron?%ecbﬁPfgﬁfunb mg%ggh%pggﬁgggﬁgﬁghﬁggion requirenegts whi ch
are shown insgo‘{%q%t ai Ludde Fbgup£raette Y& lde teenened efptinr ement s are
received on |Ine and pass to power unit 20. The input can be 110V a.c.

supply and t hep@oysiectBit i 0itpativhl | Tes150V giwe af dreahet&eR drive
requi renents using line 33. Low

display of:

1. amplitude and phase
2. azimuth 0-360°

3. velocity

In addition the defects can be calculated to include

the size and position of defects using the computer.

The vehicle of Figure 1 will have electronic control,
power and data transmission requirements which are

shown in more detail in Figure 2.

The vehicle power requirements are received on line 35
and pass to power unit 20. The input can be 110V a.c.
. supply and the power unit output will be 150V d.c. for
the coil drive requirements using line 33. Low
voltage d.c. will be available for the electronics
circuits within the vehicle {e.qg. s 5V).
Communication to and from the vehicle and the base
station will be via connection 30. A suitable

communication protocol will be employed (e.g. RS 232).

The master processor 21 will be microprocessor



voltage d.c. will be available for the electronics <circuits within the
vehicle (e.g. t 5V). Communication to and fromthe vehicle and the base
station will be via connection 30. A suitable comunication protocol wTl
be enpl oyedVQe9/$326RS 232). The naster processor 21 wi || PeE/GE¥P25HF ocessor
WO 99/ 13326 PCT/ GB98/ 02547 6 controlled and include data |inks between the
master sensor assenbly 2 and the slave processor to ensure synchronism as
wel | as control 32 to the coil drive., Serial data passes between naster
processor 21 and sensor 22 via line %1 . There is also passage of data

bet ween slav% Q@gg;égragg_fgg&dg%n%gga2§iﬂk§.ggguééa4tneRahheérthan

i ncorporating all the processing requirenents within the slave and naster
processors 2%eon<a3fda2iembly i s possictheestaveromdessoirgnal esdwek ti oni ng and
processing within the sensor assenbly as shown in Figure 3 for the master
sensors 22. Hgmendedisat es waidquissicontnoha?dvier £Nesicgral IEOH™i ti oni ng 22d, e
and mcrocontroller 22f) give inproved noi se performance, and reduced
processi ng | Gaetited tded aprrseessorstheeRe MaFRST eF~PASEKD, “and"al | ow

i ncreased front-end processing;
sensor 22 via line 31l.

There is also passage of data
between slave processor 27 and sensor 25 via line 34.
Rather than incorporating all the processing
requirements within the slave and master processors 27 .
and 21, it is possible to provide signal conditioning
and processing within the sensor assembly as shown_in
Figure 3 for the master sensors 22. Here dedicated
acquisiticn hardware (signal conditioning 22d,e and
microcontroller 22f) give improved noise performance
and reduced processing load to the processor in the

master pack 21, and allow increased front-end

processing.

Timing of data sampling will be controlled by the .
phase reference input. Sample rate will be dependent

upon the excitation frequency selected.

The microcontroller will be implemented using an 8 bit
microcontroller with minimum port capability. The

serial data interface will adopt a standard protocol.

Channels will be paired as shown, each microprocessor



-

Timng of data sanpling will be controlled by the phase reference input.

Sample rate will be dependent upon the excitation frequency sel ected. The
m crocontroller will be inplenented using an 8 bit mcrocontroller wth

m ni mum porWOBYHBAM | ity. The serial data interface will HUpBo8P2% andard
protocol. Channels will be paired as shown, each m croprocessor WO .

99/ 13326 PCT/ G898/ 02547 7 22f supporting two sensor channels 22a, 22b with
associ ated signal conditioning 22d, Ile. Returning to Figure 2, the single

drive coil 24 provides field excitation and The sensors are maintained in
close proximty to the pipe wall w X sOrd-gnt a3wn,$enpsors in each
sensorpassen61 29uPP lf% c%ﬁ%eﬁggégrfdfggg?gfidﬁgvﬁthin the pi pe and skew
bet ween t he tgggagig§8§ as li.854 = Pbh DK g t22>q,0peeat i on, the vehicle
identificationi1s rea nd data is loaded into a calibration file within
the conputer 31. Vehicle configuration is then set up via the conputer to
gi ve the nunber of channels and sensor address requirenents. In addition
the coi|l curreddurninsettd oFtgete 2, the singie drive coil 24

provides field excitation and the sensors are
maintained in close proximity to the pipe wall with x

and y orientation sensors in each sensor assembly 22,

. 25 to compensate for rotation within the pipe and skew

between fthe twWwo senscr assemcl: es. Prior to
operation, the vehicle identificaticn is read and data
is loaded into a calibration file within the computer

31.

Vehicle configuration is then set up via the computer
to give the number of channels and sensor address

requirements.

. In addition the «coil current is set to meet

operational requirements.

Finally the coil excitation frequency is set. This
may be within the range of 20Hz to 1KHz and selected
dependent on the pipeline material under investigation
as both ferrous and non-ferrous pipelines are to be
tested. In operation the vehicle is towed through the

pipe and as it does so the distance encoder 32 of



operational requirenents. Finally the coil excitation frequency is set.
This my be within the range of 20Hz to 1KHz and sel ected dependent on
the pipeline material under investigation as both ferrous and non-ferrous
pi pel i nes #MaE9NIP2be tested. In operation the vehicle i sPEHEBWRMough t he
pi pe and as it does so the distance encoder 32 of WD 99/ 13326 )

PCT/ G3B98/ 02547 8 Figure 1 will produce data for distance travelled. To
determ ne defects in the pipeline, a data scan command is sent fromthe
conputer and received via the base gtation in the vehicle naster
controller. This information is then repeated to the slave controller by
the master. Suanmeny @will peodhaened® ifon ReALRPFRCTEYSLFRE sl ave sends the
data to the nmaster in packet format and the master receives data al so
fromthe master sensors. The naster assenbles the data including anplitude

and phase information and  qrientati d f.r. bat hy seNs@sad i Ngs and
sends this & t%twecc?r?%ﬁfgf f6r q:g)lesg‘%lgbyelzi*(r%g]'processi ng.a A flow chart
of typical system oper %%h?nf}o%rl Shawo it fEi gHs ErdbeibBaadditien the naste-

control ler syRCAFONIS he sl ave and generates t.--a drive coil
base station in the vehicle master controller. This
information is then repeated to the slave controller
by the master. Scanning to the charnels 1is then
effected. The slave sends the data to the master in .
packet format and the master receives data also from
the master sensors. The master assembles the data
including amplitude and phase infcrmation and
orientation data from both sensor rings and sends this
to the host computer for display and processing. A
flow chart of typical system operation is shown in
f‘igure 4. In addition the master controller
synchronises the slave and generates t-2 drive coil
excitation signal. Compensating time delays can be

incorporated to ensure synchronisation between master ‘

and slave.



excitation signal. Conpensating tine delays can be incorporated to ensure
synchroni sati on between naster and sl ave. WD 99/13326 PCT/ GB98/ 02547 9
CLAIMS 1. A pipeline inspection device for travelling through a pipeline
and incl udiWgoEaes for generating an eddy current fiel dPAFERI¥P284e

pi pel ine; and neans for detecting the resultant field following passage
t hrough the pipe structure. 2. A device as clainmed in claim1, including
means fof determining faults within the pipe fromthe detected
information. 3. A device as claimed i® claim1 or 2, including a first
detector on the device for detecting eddy current information at a first
| ocation and eL8E¥®Hnd detector spaced longitudinally therefromfor
detecting eddy current information at a second |location. 4. A device as
claimed in claiml1, 2 or 3, including neans for determ ning eddy current

I nformation EQHCEKrﬂS¥%eq9RQ af%%géé%*%nangepbéée-fzr travelling

through a pipeline and including means fcr generating
an eddy current field within the pipeline; and
means for detecting the resultant field following

passage through the pipe structure.

2. A device as claimed in claim 1, including means
for determining faults within the pipe from the

detected information.

3. A device as claimed in claim 1 or 2, including a
first detector on the device for detecting eddy
current information at a first location and a second
detector spaced longitudinally therefrom for detecting

eddy current information at a second locazion.

4, A device as claimed in claim 1, 2 or 3, including
means for determining eddy current information

concerning both amplitude and phase.

5. A device as claimed in any one of claims 1 to 4,
including means for determining the orientation of the

inspection device as it travels through the pipeline.

\TH\S SHEET HAS BEEN
_ REPLACED




5. A device as clained in any one of clains 1 to 4, including neans for
determ ning the orientation of the inspection device as it travels through
the pipeline. TH S SHEET HAS BEEN REPLACED WO 99/ 13326 PCT/ GB98/ 02547 10
6. A devi cva¥/18328i ned in any one of clains 1 to 5 incl 86T&§9%88Is for
determ ning the distance travelled by the inspection device. 7. A device
as claimed in any one of Mainms 1 to 6 including neans for generating. data
packets for transnmission to a renote conputer for eval uation. 8. A
device as clained in any one of clal‘rPs 1 to 7 including neans for

determ ning the di nensjons of a ul t when resep he pispeline. 9. A
devi ce as cl & med®i $eERF cﬁ?ecéf’m(‘}? iHe % 6 g 8| ncf ug&ng neans for

di scrimnatin aul g N8 ihANeke ANd-auter c savdiace of the
pi pel i ne wal Ig tljﬁém,& g%n Te OZSQEF%%WEl lan any one of clains 1 to 9, wherein

t he neans fog,.d ﬁgcﬂg&cttlggnfa@&g:é:orrprl ses a ring of sensors each spaced
around its pelyi phery. 11. A nethod of testing a pipeline conprising:

7. A device as claimed in any one oI claims 1 to 6
including means for generating. data packets for

transmission to a remote computer for evaiuation.

8. A device as claimed in any one cf claims 1 to 7
including means for determining the dimensions of a

fault when present on the pipeline.

9. A device as claimed in any one of claims 1 to 8
including means for discriminating between faults on

the inner and outer surface of the pipelire wall.

10. A device as claimed in any one of claims 1 to 9,
wherein the means for detecting the field comprises a .

ring of sensars each spaced around its periphery.

11. A method of testing a pipeline comprising:
generating an eddy current in a coil,

moving the ccil through the pipeline, ana

detecting the eddy current induced in the wall of the
pipeline to allow faults in the pipeline to be

determined.

THIS SHEET: HAS E"N] L
REPLACED




generating an eddy current in a coil, noving the coil through the pipeline,
and detecting the eddy current induced in the wall of the pipeline to
allowfaults in the pipeline to be deternmined. TH S SHEET . HAS E I
REPLACED WHVQ8Y/1P3%26 PCT/ GBO8/ 02547 12. A methcd as cl ai FEHC P%’“&?‘é. m 11,
including the step of detecting the induced eddy current at two

| ongitudinally spaced locations. 13. A nethod as clainmed in claim11l1l or 12,
wherein the detecting step includes detectlng the anplitude and the phase
of the eddy current. 14. A nethod as !dlaimed in claim11l, 12 or 13,

including the step of deternining the or| nt atj.on of 1 ddNeqdehgct or position
in the pipelilfe. me?&hﬁﬁtﬁﬁdcégg%?%lned ?%“§n§ one of claims 11 to 14,

i ncl udi ng the step of e i t a thaveht edtt hiveugh t he
pi pel i ne. 16.° ne?ﬁo gé iﬁg 9% |Eggﬁ§§%ngegf clainms 11 to 15,

i ncl udi ng trmaéﬁéy%dgfngeggrggggéggﬂbggtgbﬂen5|ons of a fault is the
pi peline fromdetected I nformation 17. A nethod as clained in any one of
claims 11 to 16

13. A method as claimed in claim 11 or 12, wherein
the detecting step includes detecting the amplitude

and the phase of the eddy current.

14. A method as claimed in claim 11, 12 or 13,
including tkz step of determining the crientation of

the detector vosition in the pipeline.

15. A method as claimed in any one of claims 11 to
14, includirc the step of determining the distance

travelled through the pipeline.

16. A method as claimed in any one of claims 11 to
. 15, including the step of determining the dimensions

of a fault in the pipeline from detected information.

17. A method as claimed in any one of claims 11 to 16
including the step of discriminating between a fault

on the inner and outer surface of the pipeline.

18. A pipeliine inspection device substantially as

described herein with reference to the accompanying

THIS SHEET HAS BEEN
REPLACED




including the step of discrimnating between a fault on the inner and
outer surface of the pipeline. 18. A pipeline inspection device
substantially as described herein with reference to the acconpanyi ng ™ THI S
SHEET : .1 MA»98BRN REPLACED WD 99/ 13326 PCT/ GB98/ 02547 PCTBagM2Ays. - 19. A
met hod of testing a pipeline substantially as described herein. }TH' S
SHEET HAS ' SEEM 1 REPLACED

12

drawings.

19. A method of testing a pipeline substantially as

described herein.

WHAS DEEN |
REPLACED




