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QUI'PMENT T A CONDUI T AND METHOD FOR USE OF THE DEVI CE The present
|nvent|on ram ”MMEGVICG for carrying equi pnent, for exanple a
fl oweter, duit and to a nethod for use of thﬁ,ggwbgezoégknom
equi pnent carri*esodevi ce conpri ses an el ongate body for carrying the
equi pnent and a passive centralizing system to position the el ongate body

in the conduit so that the position of a central axis of thegﬁidgiéilgi've
to the position of the longitudinal axis of the conduit is
within a predeterm ned range. Such an equi pnment carrier device is for

exanpl e descri be%ﬁm&Pﬁlﬁ%ﬁﬂ@mﬁ“@ﬂﬁgﬁggmwﬁ rROeH W et | Qywet er’

by B C Leach, J B Janes |co nerican nstltute of
M ni ng, Met al | ur gy, and Pet r ¥ESHACEAGR dEEs OF n'%HE Q@VECEI n the known

devi ce the passive centralizing systemconprises six protective centralizes
skids and six centralizes arns, which are r%gh one end cqnnected to the

body by axially d|?ﬁzﬂﬁﬁﬂﬂQ§fﬁWﬁﬁgtl?%er8 BSeh@ 8f 9g¥drariibei ng
mechani cal | y lcanksd rip exqppirmieact j veoceakampilzea $Riodmethar ,pridimaidlvea

centralizes sgégﬁhﬁgeﬁﬁﬁiﬁggr%qﬁégﬁégggggiGggr o3Uk %T%é%a theéfQﬂQHvt by

the centraliz arns y sprlngs he cent’r axis of the
el ongat e body eigsiirpmiantai seck Wt hiav acer edepeisesedlr @lgadatembddy for

ongl tudinal 4l spfnd NS00 Sl BRAT 8BEEAR VEOLRET AliRET, L, T

surface of the ive centralizes skids t he 1 nner s

condui t . Theséq 5 okPT okkese horgaheyladerd Shet Kendalid |S\Ra Uk tilem of

the central | grgittsbmadt a%l@e@{rabeaﬁhgngat ehaowdlgzutreala&qw thceid ain
quantities such as variations L SP% ag & ffness anglthe |ct|on in the
axi al |y di spl BOSHEN o4sthe bpRyisagsnalaxgs,ods € t*®f the

presence of tMEmhuHﬂnédﬂthhlskadpradeEa@hlead mhn@he knomn devi ce the

magni t udes of . &fcare ﬂ&gﬁm&g &5991%@88%_1%%“&%97}50@ 2 Pd-'ﬁ and i nner

surface of the con varrations in the s r|n ness of
the various s@aﬁ;ﬁﬂh@da;wr%ﬁEsEapéglNpen5ﬁ§9oﬁn¢héhﬁ§nrﬂheeﬁ@kﬂcﬁoxﬁe

el ongat e body midifidtdhe EQ”@UCtLéH'EHSSUbBeJaHés'o% any Qpisdrdd 4de present
I nvention to ?%ﬁ&%ﬂﬂ? ?ﬁﬁgflgéﬁadxggggggé gf EQ%anQW%é¥?Tfhrgy and
' ’ '

Petroleum Engineers, Inc., 1974. In the known device the
passive centralizing system comprises six protective
centralizer skids and six centralizer arms, which are
with one end connected to the body by axially
displaceable hinges, the other end of each arm being
mechanically linked to a protective centralizer skid. The
protective centralizer skids are pushed against the inner
surface of the conduit by the centralizer arms which are
actuated by springs. The central axis of the elongate
body is maintained within a predetermined range from the
longitudinal axis of the conduit by the reaction forces
between the outer surface of the protective centralizer
skids and the inner surface of the conduit. These
reaction forces not only depend on the relative position
of the central longitudinal axis of the elongate body but
also on uncertain quantities such as variations in spring

stiffness and the friction in the axially displaceable
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To*this end the device according to the present invention conprises: - an
el origate body for carrying equipnent: - a centralizing systemto
substantially centralize the elongate body in a conduit; which system
conprises four support arns joined to the el ongate body, egrtciiHRPobbh2ar m
bei ng provided with neans for varying the extension of the support arm
relative to a central axis of the body; — wherein the first support arm and

the fourth su t_ar re C d at .or near_ the ends .of the elongate body
and the secongﬂgﬁﬁﬁ%?g&%r%1%gagﬁﬁeO?thg 3%5&3 %ﬂ?ﬁkﬁ%f?%cﬁ?ﬁ rgglggrhear
the m ddl e pargkigls tdle ebochgand bddyhel knpwuideatiae ertbowdhagni tofleshef

devi ce accordidi, (o Lhiful BYER! eRckRn IFoile A hdlife I LD SHPRS! LM are
arranged in a plane in which the central axis of the elongate body |ies,
and, when seerte¥ heugfpeet Pénthe sardudénrs hbghs andevaetahdonnd ithe
third support a{dnaseiRgr afgednaksebithehesivide itusad ith @ angkeughpt-Beat skhe
angl e between the second an terd supgﬁrt arnﬁ}ﬁs about 120 and the angle
bet ween sai d FHE B RACR of NENECTEEE T 3P (A 'S Upbor¥2 5 nRCAY about
60. \Wen used within sthpeebhioati ampols itaren "about 120" indicates that the
rel evant angle is petween 10 .ang 1%0, andrpref rab“y bet ween 110 and 130,
and the term 15 Cot bBePP 2883°C 300 Ths PIEFeN iR PMat Ot RECF SPECant
angl e i s betwegnedd dnda8Oanhdgpsebdr dbley Kretwmmeedebilcand 70. . The
centralizing syst Syt ab C ri L] r S hat
causes the cen;ra?ﬁ%iﬁ%igyé¥gn?g§ &%ﬁé&% %%?ﬁ%%yﬁqﬁﬁgcﬁﬁ%ﬂé§%§ghgate body
if the positiomvenblernEPRPrages of the body relative to the |ongitudina
axis of the conduijinigleHbgtdenady edet iaHMABGd e pidheh control system

includes a controller, diStance neasuring devices arr ed near each
SUppor L arm Lo" meed UF e ERa 4P SPENGY et RS bHHetS bhY { GERCER LERE the
conduit and the elehgayetbobdpdymeansa foanduisns miichgs gsisé@nabmpepsesent i ng
t he neasured dista ) the.cqontrol.l er, s fo Lttin
control |l er output fégfhéggﬁfggt%ﬁés éﬁggxgg%hﬁﬁ}st%é%éS%%§2§$? ) ggSPCe
measur es the di st aseepontaapredeiagnprey idiatkeotitgn méans ekanpverying the
per pendi cul ar o tog:ca81pA! odxicheols i Al aNGaLS BAdyve £SUA! 8Bhy gach
di stance neasuring device conprises a feeler provided with a rotary

i ncrenent al encode®*PuPfn§hRoPREIY operation the device may be pul i ed

through the condui theEsenmehkod iirs tPWudpta# herndemeervé t Boarenbkeppbra
pi pe string with little torsion stiffness. it mal_nt ai n

| f it is necess t
t he equi pment at aaBWeGEFe}ﬁFﬁéﬁdtEﬁgéHHQ£a§N§Qﬁu%ﬁé%NP eE%%i@EOPSaFﬁe
i nner circunferenceodfy thed thedusieicoridesugmapmeantm naryd behar thhgddsappatrt
| east one pipe section i .S secyred to t e b by .a, beari ng
whi ch enabl es sai dg%ﬁpgﬁgegtgicgzcs detao rogft a eealtrfﬁ}}i% %]g&ﬁgetﬁg}!%oé; \%/E?I e
remai ning in a co-axPapapesioidan rel ative to the central axis of the

el ongate body, andrgn,oki,eRbdicORmiyHinRn SYSt &Rd Sady £8€NAc¥BLRRnGORBY | Ses
a notor for rotating said pipe sections) relative to the body in ofder to

mai ntain the pFp8 $BY¥EPSASP &hea Flinadd anthgeit i EPUBER ePYBPPER PEMaPTPe to

the inner circaptengageiaf at A se@ndi twhiAli ethatcaet yal hexilevbgethay be

pull ed throtheigggate body lies, and, when seen in the direction of
sald central axis, the second and the third support arm
are arranged at either side of said plane such that the
angle between the second and third support arms is about
120° and the angle between said plane and each of the
second and third support arms is about 60°.

When used in this specification the term "about 120°"

indicates that the relevant angle is between 100° and

140°, and preferably between 110° and 130°, and the term



15 October 2002 - 4 conduit by a string that has a large torsion
stiffness, or with a string of which the end is guided. In that case

sui tably. t he equi prent, the support arns, and the distance nmeasuring
devices are arranged on a pipe section mhlch i's secured tojg

beari ng which enables said pipe section to rotate relative t@ﬁﬁ#?%?gogi
while remaining in a co-axial position rel &i~ve to the central axis, and an

OrLentalTon coRl. YL LM Ad D eRET k! EheCOmIdate aa@f%hlé%ewaaw ng

the pjpe section reflative ongate t'6 malhta e pipé section
at a fixed tarfigentand 917 e&i}m@tpéﬁfwahlb'ebs@{eetrb S0e dnthefOCi rcunf er ence

of .the conduit. |ngieackofrPPlLing E%t@ﬁvbﬁﬁtta@:r ?J%xﬂﬂﬁé‘&:ﬂdé“éosi{??on

devi ce of the present 1nvention can al so pushe hr ou e conduit. The

equi pment car GORFHRL thes eeBnghRE BBH§G§U¢P§bFquﬁﬂ%kﬁ*PQvﬁy$t%%n59ers
arranged in theijsaie hansoangiexi akl yhép@q%g@m@r ooty (18 ehengat ethory.

The use of two X|aII ced,flo ter ni e flowate of
fluid flomnngci L&ﬁﬁ#ﬂgfm%¥?so?%nﬁb € i 3%?Jﬂg f%ﬂ%h YRavi ng
a di anet er equiinalo dxies dbfineher cohdulhé dsndumsuﬂujaaﬂnHQﬁtefmunédto t he

di st ance bet lﬁqgmzﬁﬁg ﬁlggﬂg& sygggth%%qg Igfl”4é§¥(é$ﬁg%es to a

nmet hod of using evi ce accor nven I on t he
presence of adisllenee aredsduing tl!h@l@etsh@@r@md qear (eaacfpr@vpﬁqbng ahn

devi ce accor ditg f&qshife er«{@nah@ea%tehb%qwel@ﬁertthecqrm{élsIswrfa«eeaesfakhg
spaced flowreters; (b) mpving the device in a longitudinal direction

t hrough a comﬂRQdYb§ %%%sEP?nElQBS§F§nPPQWPyWﬁﬁﬁ%ﬂﬁﬁﬁ dredRer{tEphRy a
flow ates of fdiylsl passiagehbiaggliheasld agfurtdie disvdrries sto atle (d)

detecting thecPG%ESfoeOf gngeﬁéahg %g% %%%%Qélé%&ng controller output
to the adjusting means. Each distance measuring device
measures the distance in a predetermined direction, for
example perpendicular to the central axis of the elongate
body. )

Suitably each distance measuring device comprises a
feeler provided with a rotary incremental encoder.

During normal operation the device may be pulled
through the conduit. One method is pulling the device
with a cable or a pipe string with little torsion
stiffness. If it is necessary to maintain the equipment
at a predetermined tangential orientation relative to the
inner circumference of the conduit, the equipment may be
arranged on at least one pipe section which is secured to
the elongate body by a bearing which enables said pipe
section(s) to rotate relative to the body while remaining
in a co-axial position relative to the central axis of
the elongate body, and an orientation control system is
present which comprises a motor for rotating said pipe
section(s) relative to the body in order to maintain the
pipe section(s) at a fixed tangential orientation
relative to the inner circumference of the conduit.

Alternatively the device may be pulled through the



15 Cctober 2002 - 5 calculating the difference, if any, between the two
flowates. To allow neasuring nultiphase flow, in particular the flow of
oil,; gas and water, through the conduit the equi pnent may include a

mul ti phase flowreter, such as a multi-capacitance nultiphaﬁpo as
described in European patent application publication No. 510 §#ﬁ@m?ﬂgé

invention will now be described by way of- exanple in nore detail with
reference to the draw.ngs erein _Fiqute 1 shows schenmti cal si de view
Of the devi ce RSN Y e ThE-BHCLBAL PRsedt NATAE (e AR oRbHEEGRECh | <
shown in a | ongi twidimad secingnalf whéwh ahe lnglris Zyshdes. alhr bhtal casew

of the devicegﬂgkékﬁy? X d|§ ?HeBE tQ?h %worgz%¥¥%alg§g £h e ll-11 of

Flgure 1 when seen | i on 6f rence 1's now made to
Figures 1 and &stpnce mefFsyning dREWCEs eq@ prraranaed rorradeiPeesechiipoh

I's located w tHi1R ié’béléé‘uréan%' tth'e”bb'@il‘i‘y fb%f '8 ‘Hea?ri%@ew@l ﬂ-hén9§ﬂ=:§e 1

conprises an el ongate bod provi d ui pnent i n Formo
flowreters 6 &frLd Pipe $?%ﬁh@9eﬁ9 Goéﬁ&e7§% qﬁHQl?ﬂmﬁQ@rﬁ@@Y vhpadeit ance

flowreters of ddyea ey descai B@dakmaﬁub@I%QQ:&ol@ﬁtMa@ﬂPé"@@ttﬁé BERtigation
No 510 774, which is incorp

orateg herein b%gﬁﬁét reference. The deV|ce 1
further coanQﬂ%§a.%%%t?%l?EFﬁB &r308m €6 FHTERT L SR EEEP L WhfED

el o?gat(e b;)dy &mmriil@s pa pro 2o rWibeh r@ytsxttleimg rmieU(iEfp@ sp@étic.ioﬂnréﬂ)ﬁtliob
system (not sho s nt ral i st.em e
position of thmemg%éng%ioggggg BE’B& %ﬁekﬁgsﬁai %?/ entr%?H;m s? g 8f the
body 5 rel ati vieixedtbengengiaddprdendgaity opf v\tlwél plq;&’PQCt stoutkédénner

pr edet er m ned éfg@ﬁmfégeﬁbguggst%ea@@n%uth central axis 9 of the body 5
coincides with the_longitudinal axis o It will be understood

that t he | ongitudiHa$t %ﬁ?sogprﬁélﬁﬂpéhﬁsdeJ%?QiﬁQﬁﬁ#gﬁoﬁﬁe cgnduit,

the device of the present invention can also be pushed
through the conduit.

The equipment carried by the elongate body suitably
includes two flowmeters arranged in the same plane and
axially spaced apart at the elongate body. The use of two
axially spaced flowmeters allows determining the flowrate
of fluid flowing through the wall of the conduit into a
volume element having a diameter equal to the diameter of
the conduit and a length equal to the distance between
the two flowmeters.

The invention further relates to a method of using
the device according to the invention for detecting the
presence of a leak in a conduit.

The method comprises:

(a) providing the device according to the invention with
equipment comprising two axially spaced flowmeters;

(b) moving the device in a longitudinal direction through
a conduit;

(c) measuring substantially contemporaneously the
flowrates of fluids passing through each of the
flowmeters; and

(d) detecting the presence of a leak in the conduit by



the axis of symmetry at the centre of the pipe and that the central axis of
- the'elongate body is, if the body has a generally cylindrical shape (as
shown), the axis of symmetry at the centre of a cylinder that envel opes the
outer surface of the body. The centralizing system conpri sgsobRuer So@Port
arnms 15, 16, 17 and 18 joined to the el ongate body 5. Each support arm 15,
16, 17 and 18 is provided with adjusting_megans (not shown? controlled by

t he position control systemto a(]j?| ust the radial extension of the tips of
each of the suppbfelatwpoibhergdifferences ridf AnXwe Retweencbher &Woaxis 9 of
the body 5. Ther&diasésng neans can be a servo control |l ed notor which can
adj ust the angle b fg t he su ort ar the central axis, 9 o& t he

el ongat e body 5: ° 9N B@aé éf\’/"lgcé1 P W 1RPRERYERLIBF the
support arm 'ﬂhbomoﬁtosmppgas ana Y& targ tﬁ*re::cfmtnttl:heuwmdmar uhaa8 are

ol ane 1 whi ot SHHERE, BpISARCIRAY S B INAE (Gt T SAHREs BT
coi nci des wi t inehel pFapacatancgwinng tdiphE spurfel awmater segodessuppedt iarm 16

and the third Wé&nab&éﬁta% p'l(i%%tt%%d‘%?dbltf@aﬂ&wﬁopaslooﬁﬂhe
el ongate body 5, and the an et, ween each of the two support arns 16 _or

17 and the first SEBPOLRVERNLSS e liomowrie éiﬁﬁfb‘?lt el kY 182V 18L ¢#aERde18

substantially ;pxemhdsaél dethhe ellemeteqeq@%é v tHhd &f'&‘wi?hﬁ@, 2whdel ihhat
the central axis 9_of the bog1 subst ant i aI coi nci des wi t

| ongi t udi nal axi s BIIPRE pi fEOYS f’l’?l ]dﬁoeer%% %dVJagwaEl 5R€. A body
has general | y déxidegaeesrdfinr eedamne tﬁ’h’e&;&x‘i@tmvmﬁlaﬂdwihhéﬁ a

transl ati on. i h ra h hO t he
central axis 9 anéséﬁeh%%:g]t ﬁon%}n %IrLe 2&2&@{?@ lga£9§3ggﬁgﬁ%%l gv%%’t
Consequent | y t#edel ongate body 5 has only four degrees of freedom two

rotations about ”UFH?hrBe'?p%'Pl@'w%maarfr@%ﬁ:Sallgvféw @ ¥héChevida ShkoRer 2002
7 _ are perpendicular to ntral axis 9 and t translations in the

directions of theSgxg&ctdom@®dherenBit skafentaheng d5ne16I-1F 24d 18
cooperati ng w Fhgtibe cuwheth iserer Jsurﬁlﬁa:edxxfeéttl;eomi@e £har ersoiki.cient to

constrain the two ﬁgtfatl ofr} a%d tor‘l,emaVé) d Jt(gﬁrggs hg BOSEBI Qn control
er i's

system i ncl udes a contr shown fce” measuri ng devices in the
formof feel er§ighyre22shp¥ amd aﬂnm«mtd@bmiw réeaigei hcwbasht ds encoders

(not shown) arfgpgedqat, g Pody s @c?r?nﬁh%ppﬂr&héri‘b%ﬁ 0%6 Hp%”‘% 18

to nmeasure the distance between the i nner surface of the g
central axis 9 of Th& B6H 5 nCaPYiiAs sélw‘bv@m})orf%'?t?r}a‘ﬁgﬁl tPHSV&d§idgnal

rﬁpr e)se][ltl ng tthﬁE@Wﬁ@ﬁledﬂﬁtlaﬂQﬂﬁe tfbﬁﬂﬂ%ﬁoﬂﬂéof(lj@%rmeaéﬁsmaa&d( ][rot rThe

shown) for transmtting cantroller out the adjusting nmeans of the

support arns 1%'SL oyget rf’naftf@l ﬁ' Jﬁ#%lﬁga*ﬁf%rxﬂlﬂig pF8gF8é%a\ﬂlcteh a

connector 25 ttﬁlsemertezrtm@ﬂ)dme 5;3tpne adeabl Ebédoinshownpehor pptilehitng t he

body 5 through Eﬁe 1R Ay ]’%ﬁ{ | & &Y. bgl@re?;hde‘g yW-hhikeads through
ppl1e

whi ch electric ergy is s or powering the ac ive centraI|2|ng
system the poshcogPog@itad hasgierhy dnlytde Febaneners 6 and 7, and Ieads

through which the sihgngles ifdeom tﬂ?rﬁﬂé’ﬁ"”@ér%ﬁ@e@ng Zeﬁﬁ?a&&%@ﬁg'efsp%q |pe

si gnal processing device (not . shown) whijch be nmounted out sl

2. The connect 6P S5hstasvtola ldet G&#7 T 3bh?R F}éec%?ﬁﬁ%&?t?hgoﬁéfaés ipn thl‘i‘e pul |
cabl e to correppgedizg Weasts s(ymezﬁhmmud@staep@!s@agahecbﬁdyoi skgttieng

I t t he .body. 5 |l ed t 2 at et d

Vel o6l ty, The TS ST erhe: SRStk T o an bR hnE B oL SAaT NG Rt

di anet er equal the tdwesiitnitaer naf tdnearml@ngmtethedpl pei?2 &hd pokémdbh edua to

Lhe O stance DRSNS I LUIRL 8600 8nflefap IDE 08MERL! SBAGLLAWIRIA ©
s in

measures the flowate o eéaving the'v
el emrent and th@XlSlS‘JfQ;ttl"(ﬂ)é?l%@ is gouts;Lde a predetermlned range. In

Figures 1 and 2 the central axis 9 of the body 5
coincides with the longitudinal axis of the pipe. It will
be understood that the longitudinal axis of the pipe is



upstream fl omreter 7 nmeasures the flowate of the fluids entering the

vol une el enent. A difference between the flow ates neasured by the two
flowreters 6 and 7 will indicate that there is a leak in the wall of the
pipe 2 and the difference equals the fluid flow through tRg beaber 200Zh
fluid flow can be into or out of the volune elenment. In Figure 1 the

openi ng through whi ch quid | eaks is refeﬂed—to with reference nuneral 30.
The terns pst,r eani . and.' downs fer to the positions

f1 ownet er s reI%}??ve % Phe® ngtryor? %ec?rfttﬁ% ?? gﬁ?hpbﬁﬁ af'l‘?h%@abte 2;
in Figure 1 thehélaedtfhowakhsowdh tihee qilqmga‘tsefb@ahyrl.ght ifothef tbodyt haig |
be  under st ood t gna%h the;fd ate
the vel oci ty aétr% ﬁagﬁg Egg%@%fg&ggﬁﬁﬁ%g F\aul éWHﬂfouBﬁ %e pl%\g're 2 has
to be taken i myuaeEbNnat th@ resltaes o a zwlm%hdthatae@vsﬂ@me@ecthmh

rotary increnefi@dresGedars Wei (‘tlpleo%\ayje signals that represent the
di stances between the outer surface of ‘the body 5 and_the inner surface of

the pipe 2. These Hr%t&RREE24A1E 10 NSS SH IR S hel PBEI BHBROSE @xas
f:ent_ral damls 9 9f 1]t§¢ ﬁodﬁna wist fjldfleﬁ@h alo tithd @1@]§§ateonoa§/ BheEach

ongi tudi nal axis of the pipe 2. e tion of the.cen axi
relative to th&" ?Bﬂﬁ}:tﬂﬁf“n;g'aji% c}f7t taﬁ‘épg'iépeli REOBY §?dglg praéié Z:rlrﬂ‘-hed
range, the posnéans ¢ontrshosyst emrdauslded Hey arlmes B3ésitbonleoardol8 of the
active Ce””a'é%ESmS)fﬁt )E:iph%&a léztratoll%lpoe%#éﬂ’ 0; 9 éPetBthEss%t”éaé it he

position of its centra tive osition of the“l'ongi tudi nal
axis of the pipé bhpssuPPRE® taﬁélsprle'ijet]efrrm]nﬁdw ah@ere¥atines tendhehe

position contreénﬁysueawi@t er raﬂletaué/wud&y@ theefwjugapﬂgrhe%@s b v,

17 and/or 18 has to be ad éﬁ[ed:nd to V\/r“l’ltcg" ext ent Fﬁn activates the
rel evant suppo?tsﬁF?ﬁ’oFo ML Y RH acb%@eag?luﬁﬁp EaPPGlehas been
descri bed 15béxweber tB@O%uppgart véher edmd tiiee dewnteal sanded of orf masuri ng

tubul ar. The cORIIPE Eahoiied be o oach. BOS charert ¢ oy EPER 320 st ound

formati on. Thethevieagsh ote tﬁteeﬁmpqmemm onTlmnfbéséusmppétf @rmusled i n

an open boreholgqt Eﬁ\éerf%h%ha%dﬁiﬂﬁftgré}%dlé‘ygf@C%EQBeQeﬁEngtfh‘ér Rd ON,
as it will allowto determine in situ the influx of fluids into the

bor ehol e. The Bévibe F%O\?‘@rafes@ctda}bl%/ el thew bR 26RERECHoAENG RL1aRRe

devi ceI of the pﬁe&ﬁﬁthl m%@ntﬁemo"ltmn Bt 50 @eoﬂseﬁegelcﬁga?zﬁegwdgmh tlhlteha;]ough

a pi peline, ich,case the deyice e pushed o ulled thr t he

pi peline by mgﬁhsoplgn& §t°dﬁlc(f'r @v@h f?lh% ?%ugﬁaﬁl&% Pﬁo'éﬂngiehe

pipeline. In the dae csemc‘stmm"pont Falgmrb6 1am<ﬂ|ethecbhdrsluppplpbra:r raxk6 lahd

the third supp ol 1 ddl a e t ed
QEE 35 gb%éda ron1?hﬂ§ Le §r91gg £nl 55?&58%% §%F§pgﬁ

body 5 at different stances st support arm usi ng
a shorter el ongate thedpnalite beoorrn aaich o dtBappdPt SHPRPESN @ sarktarRied

at the sane di shapeg frmamdihed iSlpSHPPOFh BsM sTheosanme appl i es to the
feelers 22 and 23. The free ends of the support provi ded

ma
with wheels or skatf8& ENEPEHovdh™s ot 3:act?4 thf ea%ﬂ”iéﬁu%ﬁ&é Prta ¥ t he
arms 15-18 al ongntthemrrreertlwrefmega)tfetﬂsn@dpl bew:?thikﬁ shewpiipe B guich 1 the

flow neters 6 re Nt ¢ don i pe n 2wh| hare
arranged coaxi g?‘ 5?“&6:(? cen’fral é)ax?s&g 0?8? @ESE% éal} a’y 5 and
whi ch can rot at:eme:ilaiewem‘fm ttee bkmiygBtla@malthmsemfraheaplgeﬂ2i .n ditdies
to maintain the bl Qu fﬁ%tof‘ér?st?a&f'dag 1Péw@eai&cﬁoéﬁaﬁ%egeﬁ%?‘é'l six

orientation relative to erence ane ne I err dtoa
the norm The Fi@lqme@éno&afafaﬁéiqfﬂcath{ﬁ%nléotﬁtmnéhaﬂﬁethéﬁgl tudi nal axis

of the pipe 2 kigsantddd anfwdd&n} efh ath8s PEgget 8RB Rednan@lt8 o AR St
vertical plane. To

direction of the central axis 9 and the rotation about
the central axis 9 are irrelevant. Consequently the
elongate body 5 has only four degrees of freedom: two

rotations about mutual perpendicular axes 19 and 20 which



15 October 2002 - 10 ensure that the floweters 6 and 7 are maintai ned
within a predetermned angle fromthe norm the floweters 6 and 7 are
arranged on rotatable pipe sections 31 and 32, respectively, which are
arranged coaxially with the central axis 9 of the el ongatq5t@ﬁ5bgr26@e
rotatabl e pipe sections 31 and 32 are joined rotatably with the el ongate
body 5 by bearings which allow the pi pe sections 31, 32 to rotate relative
to the body 5 while remaini ng co-axi to the central axis 9, The el ongate
body & Turt hord B8P FBBBCAR A ot Eatith TS DT  o3%i B ( ABE SHBwn) vt oh
corrprl ses a gytnansﬁrpassn(sndh shewd)i et omotef (hetagzbswnp bod Rot.atlihe

t he pi pe secti 3 e ;0 t y. t np 1S ses
that the ori enfg\ﬁlr()%u%%o% %%hometerltsb% blo}joargd deV|§§ gghgg%gtghe’%%o Hh
an al ternativecenbedi ipner( ﬁ@trf@m/vm)f dthe Ieiprev2 cerecsufficgent toe
nvention the dsykeeaifi PHe! @dot ot dlle MPCRY Bubl PEaRT ARG oI
shown) that has a | arge torsion stiffness, by a string he end
i s guided. In thatTRaseofhéipangOMLTHL &M%ﬁﬁ%t%%l‘é‘?ie? hé éﬁatépltlﬁé string

relative EIO t?enbanshocahnqumﬁertem&% Q{eéé’lﬁl‘i}h@ectl@vléegeiﬁr '&h@te@gr?n@tfh g
consequent |y p iQn 0 el on nected to the en
of the string E ﬁ@g 3&? %2 @%nr?é}f’t cé]‘lei%r‘ﬂ\é?@‘?ﬁi gl‘\{ago I n ot her
words the el ongateeinedyadalem:todeoisat eatbattowne 4onghyadi aal th)ei doafy tshe
pipe 2. In th'ﬁe ?SE }jx %‘éac”taa}gr?oﬁ 06 21 { ANGE4t D6 ’Efi“h@%%ﬁtre e
support arnmns, Ehce measuri Mg ‘devices on an € ate i

section (not sﬁéawhpnc\ﬁ,hb@ﬁwmq@e tsl’@:tllmﬁli sSuFFangedf cbhRi Qllpy Vi tarmdt e

central axis ofehRea8l oRgate doty @anpd H&d}?‘eﬁ eréé‘ﬁé‘m How Ehowh)b)fotiea“ ngs,
wherein the device further includes an orientation control system

conprising a nbFBRsSPSttdrg & tﬁ’?@r}ﬂlpereée’&%ff'%‘ht%%gaFF@emﬁésPﬁ§delddﬁ§é’tn§eo%dy

and the inner @br@u@f eoanee 1dferd, hearru Reeand f (hEE ShbRAY afben tehnishEtting
equi pnrent devi at e m_t he

Qct,qb 002 : 11 I t ly th
Cllonbat & body Ry TR IABNGRENY 43 H CrRf 4t HBS JRRGNSt P By SHARERE g
and a ser voconarmbl 3(5 matégr Us gpreesiht for rotating the el ongate body,
together with the gaui pel gfgsafl% E%g%@vlé%awi f LOc %Hﬁﬁ%QQrOfZSt e,

pipe string if a gyro-sensor senses or|enta lon O qui pnent

devi ates from ae¢gge dale heidt ende P a1l @ W\h@éhsbﬁen&eﬁpﬁapué%ll@% tdfe t he

el ongat e body bbey. 5I tthwdd e;nmctelr;% opd $had 828 ahiebeabiree igrdapdi ment
of the invention éﬁ’ %d@g{ su%t_)lort arns rraé consi st gf calgt ers
in the form of WBG Ieél FChr Lt ReCBRESYarE SURRILE

nuts that are psowetreidxgattrfmmmnt\ee erstst 10d 1 Bz Spy ndiye tadi clhhies poatiztialnl vy
secured to the tebd such, t at e nIe| r,ot,at abl e oyt the
central axis 01;8%l ach asnolln EPowjﬁé){-'ag uat 38"‘ t7 %% &%%sjluéch t hat
if the spindl eth@p@tgés wmcﬂneﬂm rsalcqrna)hStﬁJeorbl bide ﬁwmehesSarﬁdamfd there
spi ndl e rotates,i ;%QP | t [ d o] S at a
m d- secti on of s_ BSEPGC gﬁma\e/esgi%ﬁ%/ ?%%ngtgﬁ%éegf ?gcga\ﬁ?lgto%%%%h

el ongat e body. WhhcﬂlhataYcé%ﬁe ndin et Rl ée Ehe BpPAdRe FBEatiopdecd othelS

el ongat e body RBY e WIRAEJ QFi6dh tn@eé?@@%ecéﬂﬁeextenél 0828k iﬁ' @h@ $u3act i on
of the bl ade rel |v to the central sectlon

ouches the i nEEP LIS GO THRSRBHIARY L ¢ e dSar SPRERb0L Pt CBA 670maa Lo
el ongat e body hbtilyl r5 .the conduit. If the second and third support arns

consi st of bowabl e ladse A PO IRUNed Babhe SLAMLS: Bar Lroludhe

el ongat e body then the arns nay be C
nuts which aretheumiee ¢h at s m;:ﬂ@i%mmileedl veleadt gt ﬂibiEnQWDO\ﬁél@Iwe spring

bl ades for form.ng he CHd PG H3CM CRb1 Qﬂémé*x%ohg%lﬁ%d% A ol et |
sections that are at one end interconnecte an e
equal to the internal dlameter of the pipe 2 and a length

equal to the distance between the two flowmeters 6 and 7.
The downstream flowmeter 6 measures the flowrate of the
fluids in the pipe 2 leaving the volume element and the



15 Cctober 2002 - 12 joint and at another end connected by a knuckl e-j oi nt
to a nut which is nounted on a spindle that is actuated in the sane way as

desecribed with reference to the bowabl e spring blades. Instead of actuating
each spindle by a notor, one or nmore spindles my be actuaggseiBlhefod@y Si On

spring which is rel eased when the device has reached the area o? %

conduit where neasurenents are to be taken.gl4+ will further be understood

h f I h dth h d
Several oqui prtR CESERi SRoHBYBEs Ty BT e d by EIOBEPFS BR0RPBNE 1ot dror e
pi eces of equigmeatingnthhavodase tlemdronga edbbfle esnoé hdjtaeent tiagui prent
carrl e dov! CeP dabes! ALELERUPRI LY A NEIRELLED! B aplint g 02Y

train of equi pient Carri er devices “ma resénce of ~a support
armat or nearl@@;@abﬁdtbﬁtthbeebongaﬁeandy:Hndtmep@allobfsuppopuparﬁs at

or near the m etﬂ@raﬁ@ffetrgﬁc%l QEAhS Rady Pfuf@cf‘lgﬁ"tﬁ?oﬁaﬁ”'&ﬁ% t hat

each section o train of equl prrent carrier devices I's centralized
within the corﬂa!tﬁls' whéghi £flude ddmauiaan PeukVerl ahdPeE Adsthe VPAEHE ar

or unround i nngremehtacen Wfi'g'uQeSqVQﬂﬁ:J @@Oﬂhm.ﬁo@éhthﬁlbﬂvﬂhh@n have
been shown and/or, descri b will d rstood t hat tg iLnv nis

not |inited thé?%¥5 é?nﬁg%ﬁﬁﬁfdnﬁﬁiﬁ1 e B RAE2And Owi | eb erms
apparent to thbsesskebhédanad Pb@wmﬁtreaﬂfiﬁkf@betoZﬂﬂé po$3tidHs60d9 tAeN C

LALLM S LA OHLPERL LS, Ay Ge SPLLSLAG: o BoelNgal abody for

carrying equip entraI|Z|n mto substant rar i'ze the
el ongat e body thraugbndbet pime & SWBtEWHQXﬂWﬁlEQS fbu&dsﬁ@pwrthapmsh|0|ned

to the el ongate,bodyy eegghfyamuyg ﬁgrggxqéfkprovided w th nmeans for
varying the extenS|on of the sueport armrelatjve to a central axis of the
body It w1ll be understood that in determining the

absolute magnitude of the flowrate the velocity at which
the body 5 is pushed or pulled through the pipe 2 has to
be taken into account.

The feelers 21, 22, 23 and 24 are provided with
rotary incremental encoders which provide signals that
represent the distances between the outer surface of the
body 5 and the inner surface of the pipe 2. These
distances are used to determine the position of the
central axis 9 of the body 5 with respect to the position
of the longitudinal axis of the pipe 2. If the position
of the central axis 9 relative to the longitudinal axis
of the pipe 2 is outside a predetermined range, the
position control system causes the arms 15, 16, 17 and 18
of the active centralizing system to adjust the position
of the body 5 so that the position of its central axis 9
relative to the position of the longitudinal axis of the
pipe 2 is within the predetermined range. To this end the
position control system determines which of the four
support arms 15, 16, 17 and/or 18 has to be adjusted and
to which extent, it then activates the relevant support
arm or support arms.

In the above an application has been described



- wherein'the first support armand the fourth support armare | ocated at
or near the ends of the elongate body and the second support arm and the
third support armare |located at or near the mddle part of the el ongate
body. 2. Device according to claim1, wherein the first apg G&S?@Pﬁﬂdf
support armare arranged in a plane in which the central axis o e

el ongate body lies. 3. Device according to glaim2, wherein, when seen in
the direction qof the centr axi s ,of the, bod t he second and the third
suppart arns af e’é?’r‘&nﬁg gFVéF?héls Jised oL HP eI heldnglevbet ween
the second anot}tfwmqlhsuppeﬁaualtrrﬁm &w)cwrniwf arpillﬁélezangh@hbetsvvae%aal d
pl ane and each% %he S§ ond agldﬁ’ltl;hl rd s ort arnms_ 1S alPout 62. 4. Device
according to a @D% _r ﬁeCSP Qre?% FHCRMPRFFDPHG system
conprises a pdsravenstogt aol uaylsirgmotum:t frausdsi dhe Teatdavicengfsyhkem to
adj ust the pogl)doefihieelanoate B e, PRSLLOD P 2nogpLRal axis

of the body r ive on ICldinal” axis of condurt e a
pr edet er m ned bﬂaﬁ@bﬂﬂhtéhvééﬁt’—ﬁ@l agy snglangrdunid shydrerpe ribbhebeadisgance

neasuring deV'E&ﬁnéﬁi@ﬁgeroﬁltt b 1! %rl‘él%tvﬁ t@@ef@ﬁﬁl&é‘elﬁrsﬂ’@ﬁetﬁléppo”
arnms to neasure the di stance 15 Cct ober 2002 - 14  between the I nner

surface of thel®bhdti PrahdutAs BoFP ROENO IS ansh® tIENYCR $BgHEEY
representing theivepsyraded ShalaCﬂhSthleIhfaJCQjﬁfél’ud)Bé. and nmeans for

transmtting contrgller, output t thea usti.ng nmeans ce, accordi ng
to claim4, whereih8adfvaF gt grﬁc e R, ﬁ*@ a’é'gf%%t]c%rﬁp??%ei 891 Bg| BFeg
provi ded with Borotary equn@mmtaltl‘e:mmera mipdkinee ancwhnjchgcaeearuwne
of the clains t imﬁgf n i

section, whi ch&?g gggﬁrggdge E%h ong ul]god ea@%n% ﬁ% ﬁ@ gllbl es
sai d pi pe sectfeaBy P§ PoPatséonelodt iRieg thJt\rfPﬁ B@Myth\hl fouidnéilavnghreugh

co-axi al posit{ga F%@tllly@ to the central axis of the body, and an
orientation control systemis provided which conprises a notor for rotating

sai d pi pe sectionsjPré&P&t Ae¥ICE fife BRIP 7 DeAMte bk dFRGOPS EFRPREA or
5, wherein theagguilpmanpy, thie minpprdupq)*m a:nnﬁi IhEaﬂeslﬁﬁéﬁeHEﬁ%dlrl tthe

devices are arra d on pi sectl an r Q th el ongat e
body by a bearlf‘ﬁég i €R ingtﬁo esa%l(fnﬁaptee sec %H %f'g%g Fe ative to the
body whil e rendiatagces &roov @healflpm tsxmpqaet a@rlvelﬁo Theaténwr alsiag @ of

the body, and é‘Ho?"tb‘%meaﬂo'n%t“eO’Hch} %%@é&nc@ré’f{ad’éﬂlf@ EBB%BEFW 3RS @

notor for rotating the pipe section ‘rel'ative to the bod Vi ce
accordi ng to aR§BnBeoPrEREIGhidts ther S%r%}?}t?%%eeaﬁ‘i’lﬁnﬁﬁ? fa&Pldes a

flowneter for pappdritngrihe mfrieovsarnaé @gﬁliéylﬂ@)tp@sseegetbr ngbnahes
conduit. 9. Met hOdgﬁf@ ysing o vice accor din
e

detecting the pres of aelnéjask qfn ToNBR L L CONPT | gf’ ggl ray %Fow di ng
the device w tprb\md@xi aliloh syecelcs fdovweiedees; (10 shephacingfbkeé ldéaitee in

| ongi tudi nal fue%t%'hg/" Vet & £ rmd Cis”’Pé‘SHibﬂg gHBsyapkal ly

cont enpor aneous
surface of the pipe 2.

As shown in Figure 1 the flow meters 6 and 7 are
mounted on pipe sections 31 and 32 which are arranged co-
axially around the central axis 9 of the elongate body 5
and which can rotate relative to the body 5 about the
central axis 9 in order to maintain the flow meters 6 and
7 at or near a selected angular orientation relative to a
reference plane, which plane is referred to as the norm.
The norm can be a vertical plane in which the
longitudinal axis of the pipe 2 lies or a plane oriented
at a predetermined angle from such vertical plane. To



15 Cctober 2002 - 15 flowates of fluids passing through the flowreters;
and '(d) detecting the presence of a leak in the wall of the conduit by

cal cul ating the difference, if any, between the two neasured flowates. 10.
Met hod according to claim9, wherein the floweters are mykth@bBese2002

mul ti-capacitance fl owreters. V14/ TS6009FF

A3?2.AY_. A Alr. A9l L.AYr. Al _. Al _.AsY_.AIL. AY -As.As_. Al r. A3#v<=
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ca] ca] ca] ca] cajespealidpiy] cahdalhc arma]aataavgld 7¢oax kg tiynwith=@Ehe

@ A8ABCCCCkC Nigd a c : a
ca] ca] ca] ca] cai cai cai (E:)ég) ég] 'ga]eﬁa}tgge} %lo‘gg%% gtg%%g} gé} gg#&&%&%]{?k}%{ﬂ
M MeM MPPPPeQugCrions 31 and 32 are joined rotatably with the elongate
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comprises an orientation control system (not shown) which
comprises a gyro-compass (not shown) and a motor (not
shown) for rotating the pipe sections 31,32 relative to
the body 5 if the gyro-compass senses that the
orientation of the flowmeters 6 and 7 deviates from the
norm.

In an alternative embodiment (not shown) of the
device according to the invention the device is pulled
through the pipe by a pipe string (not shown) that has a
large torsion stiffness, or by a string of which the end
is guided. In that case the tangential orientation of the
end of the string relative to the inner circumference of
the pipe 2 is determined, and consequently the angular
position of the elongate body connected to the end of the
string by means of the connector is determined as well.
In other words the elongate body cannot rotate about the
longitudinal axis of the pipe 2. In this case it is
advantageous to arrange the equipment, the support arms,
and the distance measuring devices on an elongate pipe
section (not shown), which pipe section is arranged
coaxially with the central axis of the elongate body and
joined rotatably with it by bearings, wherein the device
further includes an orientation control system comprising
a motor to rotate the pipe section relative to the
elongate body and the inner circumference of the pipe 2
if the orientation of the equipment deviates from the
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2 [ 9 10%& ()ecithb9128%b&ok) 1% present for rotating the elongate
body, together with the equipment and support arms,
relative to the end of the pipe string if a gyro-sensor
senses that the orientation of the equipment deviates
from a vertical reference plane in which the central axis
9 of the elongate body lies.

It will be understood that in an alternative
embodiment of the invention (not shown) the four support
arms may consist of calipers in the form of bowable
spring blades of which the ends are connected to nuts
that are mounted at opposite ends of a spindle which is
rotatably secured to the elongate body such that the
spindle is rotatable about the central axis of the body.

Each spindle may be actuated by a motor such that if
the spindle rotates in one direction the blade stretches
and if the spindle rotates in the opposite direction the
blade is bowed such that a mid-section of the blade is
moved away from the central axis of the elongate body. In
that case the rotation of the spindle relative to the
elongate body may be monitored to measure the extension
of said mid-section of the blade relative to the central
axXis, and, in case said mid-section touches the inner
wall of the conduit, to measure the position of the
elongate body within the conduit.

If the second and third support arms consist of
bowable blades and are both mounted at the middle part of
the elongate body then the ends of these arms may be
connected to a pair of nuts which are mounted on a single
spindle.

Instead of using bowable spring blades for forming
the calipers, each caliper may also be made of two stiff
sections that are at one end interconnected by an elbow-



(P 11C 9 10%~& IH 9 :' 10%& ()-1"9 "' 10%" & ()-159 ' 10% : & ()-3"| 10%& ()
© 10~~ 10~~ 10~~ (1Z0Id"#[9P: 111\ 10% ()-!'N 10% ()-

1098 ()-109%& ()-159:'10%: & ()-1i @9 :' 10%00& () - #OREREE* UVA! 1\ & 10%2&
"()-08& 10%¢& ()-0L10%& ()- 3" YL0%& ()- 10 10 10!y

1098 ()-*,---.-/-7-E-S. 0uSL!I D' ' 10%08& () - &l ' 100/@0&' () - &L10b8 SEQRer 2002
"I10@60&T() 10zz 10zz

1072!" & 10%2¢& () - 00244444471 19| 10% Y- 51 091 & () -2 1 10%8& ()
10' 0' 0 10' 0' 07 ﬁrb 1@‘% BHSgF é @%2@7 indexh 235t to

the same way as described with reference to the bowable
spring blades.

Instead of actuating each spindle by a motor, one or
more spindles may be actuated by a torsion spring which
is released when the device has reached the area of the
conduit where measurements are to be taken.

It will further be understood that if several pieces
of equipment have to be carried through a conduit several
equipment carrier devices may be used which carry each
one or more pieces of equipment. In that case the
elongate bodies of adjacent equipment carrier devices may
be interconnected by a universal joint. In this way a
train of equipment carrier devices may be formed. The
presence of a support arm at or near each end of the
elongate body and a pair of support arms at or near the
middle part of the elongate body of each device ensures
that each section of the whole train of equipment carrier
devices is centralized within the conduit, even if the
conduit is curved and/or has an irregular or unround
inner surface.

While several embodiments of the invention have been
shown and/or described, it will be understood that the
invention is not limited thereto since many modifications
may be made and will be apparent to those skilled in the
art.
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CLAIMS

1. An equipment carrier device comprising:

- an elongate body for carrying equipment;

- a centralizing system to substantially centralize the
elongate body in a conduit, which system comprises four
support arms joined to the elongate body, each support
arm being provided with means for varying the extension
of the support arm relative to a central axis of the
body;

- wherein the first support arm and the fourth support
arm are located at or near the ends of the elongate body
and the second support arm and the third support arm are
located at or near the middle part of the elongate body.
2. Device according to claim 1, wherein the first and
the fourth support arm are arranged in a plane in which
the central axis of the elongate body lies.

3. Device according to claim 2, wherein, when seen in
the direction of the central axis of the body, the second
and the third support arms are arranged at either side of
said plane, the angle between the second and third
support arms is about 120°, and the angle between said
plane and each of the second and third support arms is
about 60°

4, Device according to any one of the claims 1-3,
wherein the centralizing system comprises a position
control system that causes the centralizing system to
adjust the position of the elongate body if the position
of a central axis of the body relative to the longitu-
dinal axis of the conduit is outside a predetermined
range, which control system includes a controller,
distance measuring devices arranged on the elongate body
near one or more support arms to measure the distance
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means for transmitting a signal representing the measured
distances to the controller, and means for transmitting
controller output to the adjusting means.

5. Device according to claim 4, wherein each distance
measuring device comprises a feeler provided with a
rotary incremental encoder.

6. Device according to anyone of the claims 1-5, wherein
the equipment is mounted on at least one pipe section,
which is secured to the elongate body by a bearing which
enables said pipe section(s) to rotate relative to the
body while remaining in a co-axial position relative to
the central axis of the body, and an orientation control
system 1s provided which comprises a motor for rotating
said pipe section(s) relative to the body.

7. Device according to claim 4 or 5, wherein the
equipment, the support arms, and the distance measuring
devices are arranged on a pipe section, which is secured
to the elongate body by a bearing which enables said pipe
section to rotate relative to the body while remaining in
a co-axlial position relative to the central axis of the
body, and an orientation contrdl system is provided which
comprises a motor for rotating the pipe section relative
to the body.

8. Device according to anyone of the claims 1~7, wherein
the equipment includes a flowmeter for measuring the flow
rate of fluid(s) passing through the conduit.

9. Method of using of the device according to claim 8
for detecting the presence of a leak in a conduit,
comprising:

(2) providing the device with two axially spaced
flowmeters;

(b) displacing the device in longitudinal direction
through a conduit;

(c) measuring substantially contemporaneously the
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(d) detecting the presence of a leak in the wall of the
conduit by calculating the difference, if any, between
the two measured flowrates.
10. Method according to claim 9, wherein the flowmeters
are multiphase multi-capacitance flowmeters.
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