SYSTEM AND METHOD FOR AN AC PONERED DOWNHOLE GAUGE
BACKGROUND 1. Field of Invention [0001] The present

WO pweid2e i s directed, in general, to borehol BCT/US2008/069968
producti on power systens and, nore specifically, to
poweri ng downhol e neasurenent and control nechani snms
usi NGSY$STENMNANDI ETHOTR FORDANAC POAYERED DOWNHOLEIRAUGE
power cable. 2. Description of Prior Art [0002]
Downhol e el ectrical submersible punmp (ESP)

I nstrunmentation systens aB&CKYJROUNDy powered by
inpressing a direct current (DC) voltage relative to

ground anelaldf IAvenE6n phases of the three phase power
cabl e carrying power to the punp notor. As a result,

t hejooernmalihyg dgrésemt ihghtiph as@fecRll, thhRndrhll REbRBRIE pRANERION power
systemno longer float but are instead maintai ned at

thi §siRkt AUE MR PYEHAYS) 10 HIROR]g Emnﬂ&mm%%ania&? and control

vol tage is used to power mneasuremnment devices within

th em@&faﬁi@ﬂg ﬁsiﬁ’é‘gterﬂaﬂng@ﬁl;enf:ﬁ% oydr@hd thRB %H&sts tpgﬁ&‘%aﬂ@.c k

to the surface. However, these direct current systens
limt high voltage insulation testing of the three

phage cahlseripRdifof185 et NOperabl e if any phase of the

t hree phase power system shorts to ground. [OOQ4]
jorh 6(0902]3' ﬁd@@fh@fe%l@ctriél @lﬁfﬁlﬁeréiﬂe tplﬂﬁxpa('EtSPf %str@ﬂeﬁt%ng%@tgms are

system for poweri ng downhol e I nstrumentation over

thr @BICQW&V&W inﬁ)?ggiﬁg GAEN e Berk? ?ﬁﬁ@f VJlBgérelPéﬂﬂp to ground on all

three phases of the three phase power cable carrying power to the pump motor. As a
result, the normally floating phases of the three phase power system no longer float but

are instead maintained at this voltage (on average).

15 [0003] The impressed DC voltage is used to power measurement devices within the
borehole and, in most cases, to transmit data back to the surface. However, these direct
current systems limit high voltage insulation testing of the three phase cable, and

become inoperable if any phase of the three phase power system shorts to ground.

[0004])  There is, therefore, a need in the art for an improved system for powering
20 downhole instrumentation over a three phase power cable carrying power to a pump

motor.



not or . SUMVARY OF | NVENTI ON [ 0005] To address the

above- di scussed deficiencies of the prior art, it is a
w@eioaat21obj ect of the present invention to prPwi/tig008/069968

for use in a borehole production system AC instrunent

power for borehole instrunents that is transmtted on

all three phases of BUMNARY G INVENEIONent |y

carrying three phase notor power, the instrunment power

t r al9908]t t elp adreas thel aboyr-diseybset Weficiertcans o dwepriol ragq ane primary

and having a corresponding fraction of the notor power

vol etaepe of thiagrasers timugnigomt topoavede, s useinei hoegholei moduction system, AC

capacitive coupling sufficient to wthstand

hi ginstmohdnagewerafot boreimdel iratriroentd thst is ngnsniikted on all three phases of a

phase-toneutral notor power provides approximately the

Sanpovpoveable | @vielrrently tcheyihg tiebeo IpRask nadtom p@mdrs thef in&rument power

phase shorts to ground. [0006] The foregoi ng has

out fraim@étted adt hemukipeast e tfveorf okt fregueadid adEBAMC & lcorresponding

advant ages of the present invention so that those

sKi fractidn ionthe Agot@ fowdBYoagé.t Blfe HAARTHE }i%%r idecaridaiid £ehpacitive

description of the invention that follows. Additiona

f eatduprsy aFbcisstartiagRad AfghldRadenisst ihQﬂati@h'tEstiQ? The phase-to-

descri bed hereinafter that formthe subject of the

cl ajdiBraPholoR §owey Eﬂfvicﬁg‘ appro@afedKidel @fhel el GeRl o Wel borehole
appreciate that they may readily use the conception

10N dint G SREEL bhase PO B, di scl osed as a basis for
nodi fyi ng or designing other structures for carrying

out the sane purposes of the present invention. Those

: g Iuilo\k;g{lq o :’]tthE heoré@dongVhhd AIB0d NEREl HFoabiRakheS Y&hires and technical

advantages of the present invention so that those skilled in the art may better
understand the detailed description of the invention that follows. Additional features
and advantages of the invention will be described hereinafter that form the subject of
15 the claims of the invention. Those skilled in the art will appreciate that they may
readily use the conception and the specific embodiment disclosed as a basis for
modifying or designing other structures for carrying out the same purposes of the
present invention. Those skilled in the art will also realize that such equivalent

constructions do not depart from the spirit and scope of the invention in its broadest

20  form.



constructions do not depart fromthe spirit and scope
of the invention in its broadest form BRI EF

WOEBIRIRTE ON OF DRAW NGS [ 0007] Sone of the feR@TIDE2908/069968
and benefits of the present invention having been
stated, others will becone apparent as the description
proceeds when t akBRIERDESERIREIQ PRA GS
acconmpanyi ng draw ngs, in which: []0008] FIG 1 depicts
a bB’gBﬂol eSoFreat et fedpres guck hepefithef thelpisepnhinyeition §rwng been stated,
measur enent/control device and punp notor power system
accohers fgll berosiappaitns ds e descoptiantpsoqsedssidien takaw érgoniynetion with
[0009] FIG 2 depicts in greater detail the gauge
subths seqobippnying drewinggiin hisha bor ehol e producti on
system accordi ng to one enbodi nent of the present
i nvention; and [0010] FIG 3 graphically illustrates
% hel0088]at iFdGshl pdapétsaese iporcheler prpduatioandystam oinclpdingr a opprehole
a three phase cable within a borehol e production
sy smegseposoveintg! tdgvieneand mbwdp muptor gfovteh esyptems @ntording to  one
invention. [0011] Wihile the invention will be
desembdg@derit of hepresettimrntvint h t he preferred
enbodi nents, it will be understood that it is not
intended to Iimt the invention to that enbodi nent. On
t he[088Mt r dil¢; 2i depicts impwatdedetaid twogarge adubassembly for use within a
alternatives, nodifications, and equival ents, as nay
be barcialdipddwstiph systenhascendingite omenah®doypat of the present invention; and
i nvention as defined by the appended cl ai ns. DETAI LED
DESCRI PTI ON OF | NVENTI ON

10 [0010] FIG. 3 graphically illustrates the relationship between instrument and motor

127Nl S O

power on a three phase cable within a borehole production system according to one

embodiment of the present invention.

[0011]  While the invention will be described in connection with the preferred
embodiments, it will be understood that it is not intended to limit the invention to that
15 embodiment. On the contrary, it is intended to cover all alternatives, modifications,
and equivalents, as may be included within the spirit and scope of the invention as

defined by the appended claims.



[0012] The present invention will now be descri bed

nmore fully hereinafter with reference to the

waecwonam/i ng drawi ngs in which enbodi nents of PETES2008/069968

i nvention are shown. This invention may, however, be
enbodied in many different fornms and shoul d not be
construed as | i BETAJLED DESCRIPITRON QF ENVENIGON™ENt S

set forth herein; rather, these enbodi nents are

pr odtiyd sihetgredent miventbn swilllosw de Wiedckibéxk nole duityhheaaeidafter with
conplete, and will fully convey the scope of the

I Nverdrénoa td chet dvoapalink | dedvings inhehislt Embddikents wirider iavention are
refer to |ike elenments throughout. [0013] FIGURE 1

depihetva. ahRamehtdempy, Boueter, ®8 efipsdiednini idily Widiférent dorms and should
bor ehol e neasurenent/control device and punp notor

POVRIt b6 ¥6iisB IR PLAM NG tHeQll R Ete€ BRBSHiIMERS se@ FortRrein; rather, these
present invention. Borehole production system 100 in

t heerRy RN ¥re PIRQEHINRNthatl tAE! HRR3uRNWiR BRCthfdugRland complete, and
subner si bl e punp and notor subassenbly 101 | owered

Wt DNy QQ&\%E FheschPL oPtthe TRRAGnOD RIORALA BNehE URI MGke numbers
103. [0014] The notor portion of punp and notor

suQ@§§gyﬁﬂé@EH%kgtﬁogQ%ﬁ£ed by three phase power
transmtted fromthe surface over a three phase cable
104. A power source 105 provides the three phase power
tr a{{ﬁﬁi@]t t @UGURE! DeqdpREOL - bollRRE pRlibtRdsysRnt R IRfide a borehole
wi |1 recognize that power source 105 may conprise a
1Y arh@&sﬁre&fen&%ﬂﬂ&n QBYige a?iHCBurﬁl%’ mf)tgr[ d&%&%m’ Stem@ according to one
generator or connection to a power distribution gri
ac 0 . a :
QIRIh&k cﬁnﬁfe ( {’/‘ﬁ%;‘]‘y qﬁ\teﬂ{lon. [érglgopléea é%&{dJFﬁgAe %(%B) ¥OO in the

frequency drive or variab

exemplary embodiment includes an electrical submersible pump and motor

subassembly 101 lowered within a borehole 102 by means of production tubing 103.

[0014]  The motor portion of pump and motor subassembly 101 is powered by three
15  phase power transmitted from the surface over a three phase cable 104. A power
source 105 provides the three phase power transmitted to the motor. Those skilled in
the art will recognize that power source 105 may comprise a variety of components,
such as, for example, a generator or connection to a power distribution grid, a converter

and/or inverter, and/or a variable frequency drive (VFD) or variable speed drive (VSD).

20 [0015]  Power source 105 in the present invention also includes a subassembly 106
for generating single phase alternating current (AC) power to be transmitted over three
phase cable 104 for use in powering measurement and/or control devices within a

gauge subassembly 107 located within the borehole 102. The single phase power for



[ 0015] Power source 105 in the present invention also

i ncl udes a subassenbly 106 for generating single phase
w@bkdoeorn2ts ng current (AC) power to be transm tRPEHUS088/069968

three phase cable 104 for use in powering neasurenment

and/ or control devices within a gauge subassenbly 107

| octhe eebawirerhént abhdfer nmtrehddvieed GiZfersTih dreguangy endoperk @mplitude from

power forthe neasurenent and/or control devices

di f thetlsed phabe payee fiw yheguechppeatkr, angeseribed én furtben detad belome e

phase power for the punp notor, as described in

further detail below [0016] Borehol e production

sysi08h6]10Baretnllas dedudion | spsisth 100 angadegert deablassegduly sal@igsembly

di sposed within the borehole. Gauge subassenbly 107,

des bl digsbsedwithin ttheeforeheteai Gavlge bubassemb sl edeseriked in further detail

characteristics as tenperature, pressure, cut, flow

§ at Bslovormedsties sychrchnmtierisicohs tehpefatune, prédaireigoup Ugpethte, or other

Al ternatively, gauge subassenbly 107 nay neasure

i Nt pdtgm@Ere sTuhe flutdebgs plipel. OAltEhawelyalggugeOtibhémbly 107 may

pressure, tenperature or flow rate, revol utions per

M NutBureahtald Eﬁﬁsu&@ enijetaige PARINRLEcutl&T préd@e, temperature or flow

not or / punp subassenbly 101. In still further

enbel BRdI8tiond apG e mSHRASSEBIMEY opEHAtinR palaeteld®s thé totor/pump
or without any neasurenent devices, control nechani sns

forseReahhg 101. ¢h QB AGth¥ALMERIIRENt], %a%g%rg%ﬁgémy QbN&fay include,
el ectrical "or mechani cal devices. [0017] Wile only

18NEwHRYH _@/itﬁ(’ﬁ? 3Ry SR Yertdh{ s\%\ﬁ?g,ewnﬁgleﬂed.hgniglg?ﬂgﬁygning or closing

those skilled In the art recogni ze t

i d, d at
var s o S E AR AR SO FRUBRCRE T 20 el ow

the notor, between the notor and punp, above the punp

and(O@h]at Whie %ﬁ@lonepéagéé %a?seﬁlglyalﬁafsk@elbicted in FIGURE 1, those

skilled in the art will recognize that any number of such subassemblies may be
employed, and at various locations along the borehole 102 such as below the motor,
15  between the motor and pump, above the pump and/or at the seal, proximate to a packer,

at the wellhead (for a subsea well), etc.

[0018] In the exemplary embodiment, gauge subassembly 107 is connected to the
neutral point termination of a Y-connected three phase motor within the motor/pump
subassembly 101. Alternatively, however, the gauge subassembly (or each gauge
20  subassembly, in the case of a borehole production system including multiple such
subassemblies) may be connected to one or more conductors within three phase power

cable 104, at any location along borehole 102.

[0019] FIGURE 2 depicts in greater detail the gauge subassembly for use within a

borehole production system according to one embodiment of the present invention.

5



at the well head (for a subsea well), etc. [0018] In

t he exenpl ary enbodi nent, gauge subassenbly 107 is
w@orpet2esl to the neutral point term nation of PEI/US2008/069968

Y-connected three phase notor within the notor/punp

subassenbly 101. Alternatively, however, the gauge

sub@agetbagsefrily e@tinclgatsgecapaditas2E@ndanyectddrto ttitemo@s eeutial point

a borehol e production systemincluding rmultiple such

S ub@&ss efidihdrappropiatel dorged IYegdigtd fdred fi8mARduTBIE capacitors or both)

conductors within three phase power cable 104, at any

| ocalpled t@kengred Pphasdqlodved Gable [ G0 183pabikddHBE i2 aplePpriedy sized to

in greater detail the gauge subassenbly for use within

a bemeRplimtrmestUsdwed Frony SHeCited Gthasedpdveer tc@bleN®4, and is rated at a
enbodi nent of the present invention. Gauge subassenbly

SLO7suiffRGd g hawﬂ@?@}% hidw R2H v@ﬁ@@%‘s&iﬁ? (I}l@géi@ oﬁfg{eQEsulation for
0 e

neutral point or anot her appropriately forne

Y- PRE free( foWe BRI TRMM BﬁHF&Mnﬁole%@t&l@%ﬁtpr s or both)
coupled to the three phase power cable 104. Capacitor

200 is appropriately sized to transfer instrunent

POWR02d]" OMabi§iol RDEEs PHRRR ROWRfanSERhe 7HP40 Ahdadufement and/or
rated at a sufficiently high voltage, to allow high

vol {ag6 desking. (e jw@QESas.%fd Mb%éﬁ @aqﬁél:i?ériﬁﬁ ah@rahd¥§rmer 201 is

three power cable 104 and ot her downhol e equi pnent.

[ OO&IQ[JIO}@@Q@@NY@@IG@%Q%} Ecﬁn&ﬁ%g %h@%h@m@:&%ﬁieﬁ%yor £0trol device

to a neasurenent and/or control device power
uPaS$ﬁd t hrough capacitor 200 and transfornmer 201 is
enployed to drive electrical conmponents within the
nmeasur enent and/ or control device 202.

[0021] FIGURE 3 graphically illustrates the relationship between instrument and
motor power on a three phase cable within a borehole production system according to
one embodiment of the present invention. The signals depicted illustrate power
impressed on the three phase power cable 104. In an exemplary embodiment, the
15  individual conductors of three phase power cable 104 are each driven by one phase A,
B or C of the three phase power signal 300 (collectively signals 300A, 300B and
300C). All three phases are also driven by an AC voltage 301 with respect to ground,
which is employed as the instrument power for measurement/control device(s) 202
within gauge subassembly 107. Although shown without any direct current offset in
20  the exemplary embodiment, the power on the three phase power cable 104 may also
have a ground-referenced direct current component, in which case the instrumentation

voltage 301 would be offset from neutral.

[0022] The instrument power 301 is set at a voltage that is on the order of one-tenth

(a factor of 10 less than) the voltage of the motor power 300 transmitted on the three



[0021] FIGURE 3 graphically illustrates the
rel ati onshi p between instrunent and notor power on a

wo kroee1ase cable within a borehol e producti oPCEYS10081069968
according to one enbodi ment of the present invention.
The signals depicted illustrate power inpressed on the
t hr Besphere ogblad04.cand V@tm@ﬁr.equen%vha@»séwgﬁwsder of ten times higher
enbodi ment, the individual conductors of three phase
powden gwbtaguarey odthe motehpavdrseh (Blysteated iprdGERA 3 B the period of
of the three phase power signal 300 (collectively
si gihalhslf 80, foB3HE B>spevtiv8OO@)s 308l and BA)e &opbraigde, arstrument power
al so driven by an AC voltage 301 with respect to
gr o¥Hdmaybe apipraxsmaely|80yi€d vaks ¢\ dransusittediarentd Heowgz)f vatrile motor
measur enent/ control device(s) 202 within gauge
Subgssenbl Pod 672,580 Vhipeakh us howi 60vvblsopitasatoyphdse) e@bsmitted at 60
current offset in the exenplary enbodi nent, the power
on Hhe three phase power cable 104 may al so have a
ground-referenced direct current conmponent, in which
case the instrunentation voltage 301 woul d be of fset
f r ofg023ut rAd desfr@d 2bovEh ehei gasder subasadm o epre Behbly Sonaedted to a Y-
at a voltage that is on the order of one-tenth (a
f acpditit ohiplddtd Bss phirappweheabicolot age siadh 4 ol irod bpased system
300 transmtted on the threephase power cable 104, and
W t Rvith o' faseesheited ©@tound), Oflly titeA OlitbetimeditpdVet 30Tppears at the Y-
hi gher than the frequency of the notor power 300

1qil +M&§ kcte®dr With RInURE o3rsBty  tihen ReSHaQd siRfts tth&rdi@bf however, the

cycles for the respective signals 300 and 301). For

ex agihfative MBWHHAE mﬁot&%%ge-é%utmgo% ﬁ;@@ﬁ@?&ﬁiﬁﬁ%ﬁ% phases (or
80-100 volts (V) transmtted at 600 Hertz (Hz) ile

not QholO BHASE, it Swd pR& &8rtdo gg)gnc\ff %)Bga%‘at tH@Yt-;%irﬁz %8 uch an event,
volts p ase-to-pﬁase) transmtted at 60
the downhole instrumentation 202 is able to use the motor power voltage for power in
lieu of the normal instrument power 301. The higher voltage but reduced frequency of
15  the downhole motor power couples into the instrumentation 202 at relatively the same
power level, since the impedance of capacitive coupling 200 is inversely proportional
to frequency and the frequencies and voltages of motor power 300 and instrument
power 301 were selected to be inversely related as described above. Such a system
may also be used where the voltage of motor power 300 is much lower or higher than

20  the exemplary numbers listed above by simply adjusting the frequency and voltage of

the instrument power 301 with which gauge 107 is designed to operate.

[0024] In one embodiment of the present invention, the inductance of transformer
201 may be selected to resonate with the capacitor 200 at the frequency of the

instrument power 301, providing a low impedance path for the instrument power and a



Hz. [0023] As described above, the gauge subassenbly

is preferably connected to a Ypoint coupled to three
w@bwge1esver cable 104. At such a Y-point in aPGHUS2V0$069968

system (with no phase shorted to ground), only the AC

i nstrument power 301 appears at the Ypoint, together

Wi t iglgam ymP¥daodef maght for Wremotar plvess éwbénor pisast & grpodad and the motor

however, the cumul ati ve downhol e not or

phasever appretstat the Yppoiet). f or the renmai ni ng two phases

(or single phase, if two phases short to ground)

appears at the Y-point. In such an event, the downhol e

i nsi0f2hte ntThk iabnve2didcrited @bibedimenta skisré¢darl datd ornsfaywever three phase

voltage for power in lieu of the normal instrunent

powerweB0dble The Hivgiver, omodrinage siburling editscidd niayagusepecatelptoupled

t he downhol e notor power couples into the

3§ nstorpoentatlid oM RA0Rc@tarce wathi thekyovirhat sapevideweidulation of a DC

| evel, since the inpedance of capacitive coupling 200

i S bifer sfey oprpoper tatdhads bobY keguenoMtiandf khedio frequency (RF)

frequenci es and vol tages of notor power 300 and

| NSdigrharaAt acBONBice 3@ kh WBE &nS®h it €0Sucd HghaliRY An¥®) Y110 may be
rel ated as descri bed above. Such a system nay al so be

us eghnigfi@blNRupied §oa§1§%@§sséﬁ‘i’61§9 10 PRPEHLeBorh theMefmbhon connection

| ower or higher than the exenplary nunbers listed

aboy&,Jr saIPh 014,%\&;@15%%@19%&[&%% 20 HOLARIGr M ceiving
the instrunent power 301 wth which gauge 107 is

1designed,d 9..Qpgr ate. [0024] I n one enbodi nent of the
%re%gﬂ% ?nv%ntﬁ%n, the i nductance of transforner 201

may be selected to resonate with the capacitor 200 at
t hejohEQauehe Yit@hattB&mbodiment of the present invention when the AC power

system is floating involves the transfer of data from the surface downhole, from the
borehole to the surface, or both by modulation of the AC current demand by a
controller (not shown) in the downhole instrumentation 202. The downhole
15  information may thereby be transmitted to the surface as a linear load change
proportional to the AC signal, or as discrete levels transferring encoded data. When
encoded data is transferred, the AC coupling system allows a much higher data rate
than DC powered data signaling systems since the coupling filter time constants are
much shorter. Using two or more discrete levels will further enhance the data rate since
20  each data sample will be shorter. Data may be transferred from a controller 108 at the
surface to downhole instrumentation 202 (concurrently with, i.e. bi-directionally, or
during separate time periods for data transfer from the borehole to the surface) by

shifting the frequency of instrument power 301 by a predetermined deviation, or by



i nstrunment power 301, providing a | ow inpedance path

for the instrunent power and ahi gher inpedance path

wo 200902180t or power (when a phase is groundedPErRtiS1008069968
not or power appears at the Y-point). [0025] The
above-descri bed enbodi nents disregard data transfer

ov ebridflyriaterrpiimg éheqomonesr sigadh Bel. 1Dkse teidwaques allayndatoto hedraasferred
signaling units 110 may be separately coupled to power

c abhsinglthd ACnnstooentervee sighdl B0 isdokgavile pavier systaor B\floaling.
nodul ati on of a DC bias or offset on power cable 104

or by superinposition of a radio frequency (RF) signa

i n HO62Tr dahee pwsan inhemtikmquevidgst poyBuc fromi greakirfege to downhole
unit(s) 110 may be comruni cably coupl ed to gauge

as sastolmyenk@idn seifanr attekghofer omr htbree phimerposennadt,i athert geparately
power cable 104, providing instrunentation 202 with

al t Bomadr eopairiestlyf oth ntiectirasi phgsepmmer f@nddovigioil motgr, in a manner
[0026] An alternative enbodi nent of the present

I Nveldritg swheifg bhe cddupomeithis Yisd @ree iphase|poati ¢ile to ground and/or
i nvolves the transfer of data fromthe surface

dovwnibe k&ltagk iRtlatibictetigenol e to the surface, or both by
nodul ati on of the AC current demand by a controller
(not shown) in the downhole instrunentation 202. The

dowpbesgle ilnfsampwitin® o maY tHahehiddoymbadiréndNSthd presknt Bivéhi®dn have
surface as a linear |oad change proportional to the AC

si gph de@fibed indihs e6:et: Jf @\ellss flnbmsl §isteinnghdan@RstEénbodying the
data. When encoded data is transferred, the AC

16 OURkERBn SHSSLRiMdd AWRe artnMtinappieBRARS théatha MiRhhidnh AR tHCoresent
power ed data signaling systenms since the coupling

fi | §1@&ntoh MRdLP H3PRRE GeRbCare capable of being distributed in the form of a

computer readable medium of instructions in a variety of forms for execution on a
processor, processors, or the like, and that the present invention applies equally
regardless of the particular type of signal bearing media used to actually carry out the
15 distribution. Examples of computer readable media include but are not limited to:
nonvolatile, hard-coded type media such as read only memories (ROMs), CD-ROMs,
and DVD-ROMSs, or erasable, electrically programmable read only memories
(EEPROMs), recordable type media such as floppy disks, hard disk drives, CD-R/RWs,
DVD-RAMs, DVD-R/RWs, DVD+R/RWs, flash drives, and other newer types of
20  memories, and transmission type media such as digital and analog communication
links. For example, such media can include both operating instructions and/or

instructions related to the system and the method steps described above.

[0029] It is to be understood that the invention is not limited to the exact details of

construction, operation, exact materials, or embodiments shown and described, as



much shorter. Using two or nore discrete levels wll

further enhance the data rate since each data sanple
wawrdv/obishorter. Data may be transferred fronP@I/US2008/069968

controller 108 at the surface to downhol e

instrunmentation 202 (concurrently with, i.

bi - @pdiBeationhand sguivelentdwill hejappeisartaace skikhas! lpéhel apiddn thgrdrawings

data transfer fromthe borehole to the surface) by

shi 4ndj specificasiofr thepadmey/bash disalosaduithasitatipoewbodd0dnthyt the invention

predeterm ned deviation, or bybriefly interrupting the

powswd, slifpngh sB0ific Finssae twplopddg ties asd tedvim atgandrio dpé descriptive

transferred using the AC i nstrunment power signal 301

as deasepnfisartdnet foowerpuspest effinlismtibh.oatdondjngly, A2y entior is therefore

present invention provides power fromthe surface to

Howmhbe llignited ohiybyeint ebpeost thd dpbemdedclhimisehol e over a

t hree phase power cable, either separately from or

concurrently with the three phase power for a downhol e

notor, in a manner tolerating shorting of a conductor

within the three phase power cable to ground and/ or

hi gh voltage insulation testing. [0028] It is

important to note that while enbodi nents of the

present invention have been described in the context

of a fully functional system and nethod enbodyi ng the

i nvention, those skilled in the art will appreciate

that the nmechani sm of the present invention and/or

aspects thereof are capable of being distributed in

the formof a conputer readable nmedi um of instructions

in a variety of forms for execution on a processor,

processors, or the like, and that the present

i nvention applies equally regardl ess of the particul ar

type of signal bearing nedia used to actually carry

out the

10



di stribution. Exanples of conputer readable nedia
i nclude but are not limted to: nonvol atile,
wha0odoended type nmedia such as read only menor PEBUS2008/069968
(ROVE), CD ROVs, and DVD- ROVs, or erasable,
electrically programmable read only nenories
(EEPROMs), recordable type nedia such as fl oppy disks,
hard di sk drives, CD-R RW, DVD RAMs, DVD R/ RV,
DVD+R/ RWs, flash drives, and_other newer types of
nmenories, and transm ssi on t$¥Mdia such as digital
and anal og communi cation |inks. For exanple, such
nmedj.a_can i pnclude both operating instructions and/or
i nsHATIRALAIMER &% to the system and t he net hod
steps descri bed above. [0029] It is to be understood
that the invention is not limted to the exact details
of construction, operation, exact materials, or

enbbdi mehberebHeWAtraReNt ARNHTSYBRE COMRIARE: f i cati ons and
equi valents will be apparent to one skilled in the
art. | n atheee phasgipayer @nlg catsading fremta syrfacetlpestien fige @ borehole, the
been di sclosed illustrative enbodi nents of the
i nviéreei phaseaprdver ghblt cughlegyseirfing thres phssametas ipoivey eldyoltage and
they are used in a generic and descriptive sense only
andfreypendyor t he purpose of limtation. Accordingly,
the invention is therefore to be limted only by the
scope ofa pévecrappeadedplet ao se Clrdd Most\awet SalTe, Ahd/EOwer source
IS: 1. A borehole instrunent power system conpri Sing:

1@ thbéeigdsmapoyarreaainbtenext pover fig tfah@iisdors ot dlahese conductors
| ocation into a borehole, the three phase power cable
capéhhethad phaderppivegeabler @81 phase notor power of vol tage
and

an instrument capacitively coupled to the three phase power cable to receive the
alternating current instrument power over the three phase cable, wherein the alternating
current instrument power has a voltage that is less than the three phase motor power

15  voltage and a frequency that is more than the three phase motor power frequency.

2. The borehole instrument power system according to claim 1, wherein the
capacitive coupling of the instrument to the three phase power cable can withstand high
voltage testing of the three phase power cable insulation.

20
3. The borehole instrument power system according to claim 1, wherein the
instrument is also inductively coupled to the three phase power cable, the inductive and
capacitive couplings selected to provide a low impedance path for the alternating

current instrument power and a high impedance path for the three phase motor power.

11



frequency; a power source coupled to the three phase

power cable, the power source producing alternating
w@epem218 nst rument power for transm ssion on BCT/USI00&@69968
conductors of the three phase power cable; and an

i nstrunment capacitively coupled to the three phase

power cable to receive the alternating current

instrunent power over the three phase cable, wherein o

t het-al t ebhsdorahgledusipgat Honst ysisEIrccqraine fo ¢laig b fy@her gepaprising
that is less than the three phase notor power voltage
andong 9rragiigeagpiyolidinto bisdiyppianaliy, franstedati oues thhdlyee phase power
not or power frequency. 2. The borehol e instrunent
poweblesyst em according to claim 1, wherein the

capacitive coupling of the instrument to the three

Pphase power cable can w thstand high voltage testing

of the three phase power cable insulation. 3. The

bor £hol élliertstahnieemtrupemgonsy ssem acading tagainod, otteram the data is
wherein the instrunment is also inductively coupled to

t hebitdireettonphasanpoied ovabkie, thideephaael potvey @aldlethby interrupting the
capacitive couplings selected to provide a | ow

| npgigtancitg padrént fitstrutidet pdviee) shatinf@ BeyueIt ofl RS taltekiiBig current
power and a high i npedance path for the three phase

DT AErRSNE powler of HRdIEHRBE SltcrSihg LUFRAL inBWMRnt FWedrem
according to claim1, further conprising one or nore
1¢ontrollers to bi-directionally transmt data over the

t hree phase power cable. 5. The borehol e i nstrunent

power  syRf.eRR aiftO itkBedOpSt e Phfm WMEfdFIgNtdt BRindAT avtlefein the
instrument further comprises:
at least one gauge subassembly for measuring an operating characteristic or
controlling a device; and
15 a signaling unit communicatively coupled to the at least one gauge subassembly

which transmitting data on the three phase power cable.
7. The borehole instrument power system according to claim 1, wherein the at

least one gauge subassembly is connected to a Y-point coupled to the three phase

20  power cable.

25
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bi-directionally transmtted over the three phase
power cable by interrupting the alternating current

w0 pvowent power, shifting a frequency of thePCT/US2008/069968
alternating current instrunment power or nodul ating the
alternating current instrument power. 6. The borehole
i nstrunent power system according to claiml1, wherein
the instrunment further conprises: at |east one gauge
sub&s s enbimgtifodof peee ingiarbgrehple apgnaentrgmphang@ct eri sti c
or controlling a device; and a signaling unit
conmuni gabvidiep v tiweeiphhaselpdveer thide fdmlasaghcednatigaingea borehole, the
subassenbly which transmtting data on the three phase
powtreeqaiateepower cdlble clymbrhudlcarrying thremphike povee rposysbevaltage and
according to claim1, wherein the at |east one gauge
subfsgaendty is connected to a Y-point coupled to the
t hree phase power cable.8. A nmethod of powering a
bor ehol eolupistg bPBREr ARG i0SThBGhreP (pANdedbM@r 2ablBY BE power source
phase power cable froma surface [ocation into a

bor gl@idng &tlﬂ%ﬁlaﬁh%&ﬁ‘reﬂhﬁ&ﬁmﬁﬂv\ﬁdw& ! tRnGARAMY &n Af three conductors
carrying three phase notor power of voltage and

fr eQURNGYoe phRdRloWREcaRIPMEr source to the three phase
power cable, the power source producing alternating

current éaﬁe?ctitwéﬂﬁggupﬁl?é’\ﬁ{ ins@imddt 08T Bk %ﬂas@rabow& A BCreceive
conductors of t'he three phase power cable; and

10  the alternating current instrument power over the three phase cable, wherein the

alternating current instrument power has a voltage that is less than the three phase

motor power voltage and a frequency that is more than the three phase motor power

frequency.

15 9. The method according to claim 8, wherein the capacitive coupling of the
instrument to the three phase power cable can withstand high voltage testing of the

three phase power cable insulation.

10.  The method according to claim 8, wherein the instrument is also inductively
20 coupled to the three phase power cable, the inductive and capacitive couplings selected
to provide a low impedance path for the alternating current instrument power and a

high impedance path for the three phase motor power.

13



capacitively coupling an instrunment to the three phase
power cable to receive the alternating current

WO p@bowent power over the three phase cabl e, RBDS1008/069968
the alternating current instrunent power has a voltage
that is |l ess than the three phase notor power voltage
andlla f ridgqueretyodt lRagording ntor elairhal, tfhher heereprisings éi-directionally
not or power frequency. 9. The method according to
cl afrans®jttinghdate om thettbree gppase ipbwerecableuptwerg tiof surfaee location and the
instrunment to the three phase power cable can
Wi t insttwemmeht.hi gh vol tage testing of the three phase
power cable insulation. 10. The method according to
claim8, wherein the instrunent is also inductively
coupled to the three phase power cable, the inductive
andix apaiet hstBod actpldings® sleihes) etertia e G ddetidndl Akinsmission is
i npedance path for the alternating current instrunent
POWRhiea# Ghraudh Gbdu1ARREIRL GReRaing dudent Metriée ®oRbASRerrupting a
not or power.11l. The nethod according to claimS8,
f ur £ &REnGOSIE Sitedatite- direRChbtRmant YowdraSittifd BUredddmy of the
on the three phase power cabl e between the surface
Iocgkhgﬁn%agﬁhhﬁmhn§5ﬁH@@QI. 12. The met hod according
to claim®8, wherein the bi-directional transmssion is
achi eve through nodul ating the alternating current
i nstrument power, interrupting a frequency of the

| t ey nat r i .shifting a
1(? %] THa gl%e‘fljtl{ﬁea%gkfrdlhg * &HHPEQ tfurﬁlgy\@t{mp?iﬁln g

requency ternating’current strunment power.
providing at least one gauge subassembly for measuring an operating
characteristic or controlling a device; and

communicatively coupling a signaling unit to the at least one gauge

subassembly for transmitting data on the three phase power cable.

15
14.  The method according to claim 8, wherein the at least one gauge subassembly is
connected to a Y-point coupled to the three phase power cable.

20

25
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13. The method according to claim8, further
conprising: providing at | east one gauge subassenbly

WO 20096082%81r i ng an operating characteristic or PCT/US2008/069968
controlling a device; and comunicatively coupling a
signaling unit to the at | east one gauge subassenbly
for transmtting data on the three phase power cable.
14. The method according to claim8, wherein the at
| east one gauge subassenbly is connected to a Y-point
coupled to the three phase power cable.15. A borehol e
system cohpehde sygtemecaniprisiegphase power cabl e ext endi ng
fromthe surface |location into the borehole, the three
phase povibree phisk powapable extehdicgifronyitiegsut fheedecatiha so the borehole,
not or power of voltage and frequency; a power source
T outht ddled ghatd@wehrabde @badeoframweing datd ghasd lhetoppwer of voltage and
source producing alternating current instrunent power
f orfréquamstn ssion on all three conductors of the three
phase power cable; an electrical subnersible punp
coupl ed d powdrescufieeduplB@se tROVIREe BERE oweheald, et Ipoat source
subner si bl e punp including a notor receiving the three

ph ?&admgcmteﬁﬁmg curfeBiMhithgnchN @R RRASABSTRIONT orf@bihfse conductors
and an instrunment capacitively coupled to the three

phasehP@WRHheRYoRet @bleecei ve the al ternating current

i nstrument power over the three phase cable, wherein
1¢ he al t ef,natdyRd submersible pump coupled to the three phase power cable, the
electrical submersible pump including a motor receiving the three phase motor power

from the three phase power cable; and

an instrument capacitively coupled to the three phase power cable to receive the
alternating current instrument power over the three phase cable, wherein the alternating
15  current instrument power has a voltage that is approximately a fraction 1/N of the three

phase motor power voltage and a frequency that is approximately a multiple N of the

three phase motor power frequency.
16.  The borehole instrument power system according to claim 15, wherein the
20  capacitive coupling of the instrument to the three phase power cable can withstand high

voltage testing of the three phase power cable insulation.

17.  The borehole instrument power system according to claim 15, wherein the

instrument is also inductively coupled to the three phase power cable, the inductive and

15



current instrunent power has a voltage that is

approximately a fraction 1/ N of the three phase notor
wWpowen12208 t age and a frequency that is approxiPEI/EE2008069968

multiple N of the three phase notor power frequency.

16. The borehol e i nstrunent power system according to

cl atapacithve owvpliegsnseldstedctaprrovitlé welowoudeidange gfatht Fas the alternating

instrunment to the three phase power cable can

wi t hsteaindsthingint paover agrea highs tmpredarst path dortthy thecephass enotor power.

-power cable insulation. 17. The borehol e i nstrunent

pows. syBkehvm@bdor tsngndnd mivar nayddm wherdng tbhelaim 17, further

instrument is also inductively coupled to the three

phasenppieingr cabl e, the inductive andcapacitive

couplings selected to provide a | ow i npedance path for

3 he al t er paitioligr Gidthire e iMstuhemembdangr A@ndugei ¢tBwn by the

i npedance path for the three phase notor power. 18.

Theinhamaholotranbii HAEBA theRROEphaSy Sdv@cAIE Rt filfat®location; and
claim17, further conprising: a controller within the

instr U”%nstecéﬂél%hﬁédi ROth&hrEdpHaSNbovidl Wl B rdiRmitting data over the
instrunment to transmt data on the three phase power

cabhfetpBade PO HESRCE thOBRbInRAi cifRAbPieRPERARN HPHURE 8 Fe§Rncy of
the three phase power cable and transmtting data over

thept Hﬁc,frﬁatﬁlﬁac%?reﬁq}ﬁ‘&{un{%ﬁpﬂxﬁvetr Or b ?eniﬂ%?érﬂyﬁ %&Pupﬁhé Hl%raltarnatmg

by tenporarily shifting a frequency of e al ternat

l(FurJu‘?ﬂ%BtlhﬁﬁMeHﬂgJ%ﬁ power or by tenporarily

Interrupting t alternating current instrunment power.
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