WO 2009/ 012218PCT1US2008/ 069968 SYSTEM AND METHOD FOR AN AC POWERED
DOWNHOLE GAUCGE BACKGROUND 51.Field of Invention [0001] The present

i nventi on we 2ébvperised, in general, to borehol e product ipanEoen69968
systens and, nore specifically, to powering downhol e nmeasurenent and
control nechanisns using alternating current power over the three
phase power cablS&yYSTENIS®D METHOD FOPANKC POWHRED DT SESOTIRGAaUGE

el ectrical subnersible punp (ESP) instrunentation systens are
typically powered by inpressing a direct current (DC) voltage
relative to ground on all three phaBaSK®IROGNDt hr ee phase power cable
carrying power to the punp notor. As a result, the normally floating
phases of the thred&ighathvpaiwar system no | onger float but are

i nstead mai ntained at this voltage (on average). 15[0003] The

i npressed DC v@boHge The presend itventpoviediravedsiurgenesit todewihgle praduttivn powére
borehol e and, in nost cases, to transmt data back to the surface.
However, t hesesydiemecindc urore speciyaiyers poveiitg Hovgtholeohneagemients aldatdngnl
testing of the three phase cable, and becone inoperable if any phase
of the three phesenipovwsingajtsmeaimgshoent govien ogar theribkee pl@SOPHWEhebl. | s,
therefore, a need in the art for an inproved systemfor powering 20
downhol e i nstrunentati on over a three phase power cable carrying
power to a pun‘% n‘DtMCl‘iDﬁOH of Prior Art

10 [0002] Downhole electrical submersible pump (ESP) instrumentation systems are
typically powered by impressing a direct current (DC) voltage relative 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.



SUMVARY OF | NVENTI ON [ 0005] To address the above-di scussed
deficiencies of the prior art, it is a primary object of the present
i nventi on wo 2pveYyi2eée, for use in a borehol e producti on peyaisesns/06¥ss

i nstrunment power for borehole instrunents that is transmtted on al

t hree phases of a 5 power cable concurrently carrying three phase
mot or power, the instrument ponwBYMMARYGE INNVEMFION mul tiple of the
not or power frequency and having a correspondi ng fraction of the

not or power vol®08Ye. Trraddicpssthe abayatdispuseadrdefigienciss of thedrior art.dt is a primary
capacitive coupling sufficient to withstand hi gh-voltage cable

i nsul ati on t esPied)of thiereptuagwention éupreifie, futuss ingdweaholp prndigiiog system, AC
approxi mately the same power |evel to the borehole 10instrunments if a
phase shorts t &sgiearhaovgrdooByehhls inBrages Hgt anmitied eneall thepe phases of a
broadly the features and technical advantages of the present

i nvention sé t RAYertHbls cosRirtentdcaryingHbrea hasgayotprepeves, adestiymandPorke
detail ed description of the invention that follows. Additional )
features and ab¥BRftEges aonultite of MeeRetPoPPWA Iflequsacydesichavipgd corresponding
hereinafter that formthe subject of 15 the clains of the invention.
Those skilled fiactionaf &g mojgrppwerpplaesi Aheinstraent paver ivaseeivadip o panggigive
t he conception and the_specific enbodi nent di sclosed as a basis for
nodi fyi ng or dediPhrg ffigenide withyand: highewoltags, cableripsalatign érsting: hEhespligee-to-
pur poses of the present invention. Those skilled in the art will also
real i ze that sOE¥eEQIOVFOEF PRYAS IR H5 O Rewpaleelfodhs Perghole

spirit and scope of the invention in its broadest 20 form
10  imstruments if a phase shorts to ground.

[0006] The foregoing has outlined rather broadly the features 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.



BRI EF DESCRI PTI ON OF DRAW NGS [0007] Sone of the features and
benefits of the present invention having been stated, others wll
becone appwoentyoaig he descri ption proceeds when taken poTGRMisWEOES ON
wi th the acconpanying draw ngs, in which: 5[0008]FIG 1 depicts a

bor ehol e producti on systemincludi ng a borehol e measur enent kont r ol
device and punp notor power ERISFIEMITBTI RRANING ™ odi nent of t he
present invention; [0009]FI G 2 depicts in greater detail the gauge
subassenbl y f of%0le womkio ths fesgrestias Eenﬁﬁféﬁﬁgﬁ PisFEnsYeEeR By g bernritado
one enbodi ment of the present invention; and 10 00101 FIG 3. .
graphi cal 'y i | Pth&is il Besomp aPRagsnbasitfisprriptioietrogseds Whss takem senignstiomuittor
power on a three phase cable within_a borehol e production system
accordi ng to off 2EPHPATMRE ALY HeVifesent i nvention. [0011] Wiile the

invention will be described in connection with the preferred

nbodi t [ ool | d d t it is.not jnt t i m
the i nventi n 90¥har 115" GRBBG ReRtotn FHsBn Ry i % hrEhted
to cover all alter natiryc%grolnlagiigei cations, apd eg\,ui val ents, tﬁs may be

and '‘Scdpe FOFPt BE™F RASTT i S As* G "Eely BY°

i ncluded within the spiti
the appended c lcn%lx%&rhent of the present invention;

[0009] FIG. 2 depicts in greater detail the gauge subassembly for use within a

borehole production system according to one embodiment of the present invention; and

10 [0010] FIG. 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.

[0011] While the invention will be described in connection v;/ith 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.



DETAI LED DESCRI PTI ON OF | NVENTI ON [ 0012] The present invention will
now be described nore fully hereinafter with reference to the
acconpanyiwg2awavi2zmys i n whi ch enbodi nents of the i nvercras2@Be69968
shown. This invention may, however, be enbodied in many different

forms and should 5 not be construed as Ilmted to the illustrated
enbodi nents set forth her FAILA : HhENYENEIGN ar e provi ded
so that this disclosure wll be through and corrpl ete and will fully

convey the scof®€12)f (The praserdrinveotion wilk hos be slkictibaldmprs fule hereinafidr jviits
nunbers refer to |like elenents throughout. [0013]FIGURE 1 depicts a
bor ehol e pr odutstarame oy the ensampeisiiet drgvagborelhid! enli@iments of the invention are
nmeasur enent/ control device and punp notor power system according to
one enbodi ment shefvnt Rkis pyvertiontmay rhoasydrcrs.emBodiedhio Ineanp didigteot foons any shoaleh
100 in the exenpl ary enbodi nent includes an el ectrical subnersible
punp and nof or nd bbawswdlay limied toghpeitlegiratgd embedimeniosebfosh dergd2rathyr, thesens
of production tubing 103. [0014] The notor portion of punp and notor
subassenbl y 10dmbostingiseare drayided |o dat thissdigshngaie wib e rthrovginandi comelgtef ansim
the surface over a three phase cable 104. A power source 105 provides
the three phas¥ilblleeonvenrsmrenced ﬂtednYehtéonrmtﬂg?se skittiesisia thekdrt- | leille nymberse
art will recognize that power source 105 may conprise a variety of
conponent s, sutfer fslikefelsmeptt fupiebouta generator or connection to a
power distribution grl d, a converter and/ or inverter, and/or a

vari abl e frequen r V or vrla peed drlve

20[ 0015] Power @Bfﬁc Fﬁ%@“ﬁ ft‘%@“ﬁr*’e %fﬁ*ﬂO? rW’éHTtiOBrﬁyétF@omPngP%lcPegorS}mle
subassenbl 106 for{ngener at i ng géyp ghase alternating current (AC
pover o ba®t r BRESHETERHOBAL o5 RAZR BYBT POYE% YT (Ao o one
powering meas uemﬁﬂrtlen?rz) /tger: p?eosgrtltr %lven%gr\l/ ! ngre}\ll\glet r;])Irorziuctlon system 100 in the

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 [06015] 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



gauge subassenbly 107 |ocated within the borehole 102. The single
phase power for the neasurenent and/or control devices differs in
frequency wodogeakianpl i tude fromthe three phase powerrciras2oBes996P
notor, as described in further detail below [0016] Borehol e
production system 100 includes at |east one gauge subassenbly 107

di sposed wit hi thetmipesusonahaldéor cGetrnd devsaeh dE®enib ifyequeddy, andgsdr ary@ithde drom
further detail 5 below, nmeasures such characteristics as
tenperature, pthedigenrmasequiver fol bovpwrap @ptopas distréned pefndire tigaibbeddw.t he
fluid being punped. Alternatively, gauge subassenbly 107 may neasure
i ntake pressure, tenmperature or flowrate, outlet pressure,

t enperat ure or (00w Bereioler podictien dsmpkI0 inslides at leaft e Haeeoyasern by
paranmeters of the notor/pu subassenbly 101. In still further )
enbodi ment's, gaUgEsrosRsa yorehote. niguee seasrgmbly 167 gesamibest inithep ditail
any neasurenent devices, control nmechanisns for opening or closin
val ves or for Byev-absasgeoiush chaspcdeiptics g femperapss REHTIERIC Ul 89V ¢ade or other
[ 0017] Whi | e only one gauge subassenbly 107 is depicted in FIGURE 1,
those skilled PHameies f thspflpifd bebgqympst ifsatirly, iHeperbistemblyc 7 may
subassenbl i es may be enpl oyed, and at various |ocations alogglthe
bor ehol e 102 sHEHUESNBE FFFSHRECRBYFIT® O ERMIHR OMtIE RESHIE? GrsrRE Hemipw
above the punp and/or at the seal, proximate to a packer, at the

wel | head (for 5% BEY4IGRe RS] migyie, of OFPR PPFale PERBHAS a2y henBOWI P |

uge subassenbly 107 is connected to the
gaug sub%/ssembly 181. n stief‘l %m:her embcuﬂments, gauge subassembly 107 may include,

10 with or without any measurement devices, control mechanisms for opening or closing

valves or for operating other electrical or mechanical devices.

[0017]  While only one gauge subassembly 107 is depicted 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



neutral point ternination of a Y-connected three phase nmotor within

t he notor/punp subassenbly 101. Alternatively, however, the gauge
subassenblwoemwoerech gauge 20 subassenbly, in the casecafusaoboswedsol e
production systemincluding nmultiple such subassenblies) may be
connected to one or nore conductors within three phase power cable
104, at any | oGaigeeubagdembly 19Griehokea dpacitof DP1DhidcEUREHE nthe@inedts] paint
greater detail the gauge subassenbly for use wthin a borehole
producti on syséregmaatico apliragiatety formesdeYrpadi (fiemed Hdm tikiactprsespaitors or both)
invention. 5 Gauge subassenbly 107 includes a capacitor 200
connected to témpkdtothenlmet pladse povertcatde 1040 Qmpatitve 20G ppapppiprigtlelsized to
formed Y-point (formed frominductors, capacitors or both) coupled to
t he t hree phaseansenarstreadit @oder{rorCapa tirdeopha@0wes capp Oprandtiebajedsit zed
to transfer instrument power fromthe three phase power cable 104,
and is ratell atufficidemhighoiobirgel ip dloghigholottegyassting (raddemg) b thh ingwitioader
testing (nmegging) of the insulation for the three power cable 104 and
ot her downhol ethetjudemornt cable0028]dC4lpa dowrdple2@@pmentcoupl ed by a
transforner 201 to a nmeasurenent and/or control device 202. The
power passed through capacitor 200 and transforner 201 is enployed to
drive el ectri cHP2HombsaPrsHPIS2Q0 BHioHPlehEY rekatfraimeAP] 4@/ measeenent gnpd/or

devi ce 10202. [0021] FI GURE 3 graphi cal I% illustrates the rel ationship
bet ween i nst r utREEe! e 202. The power passed through capacitor 200 and transformer 201 is

employed to drive electrical components within the measurement and/or control device

10 202.

[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



nmot or power on a three phase cable w thin a borehol e production
system accordi ng to one enbodi nent of the present invention. The

si gnal s dewoct®di22lig ustrate power inpressed on the threcmisaes/ oposer
cable 104. In an exenplary enbodi ment, the 15 individual conductors
of three phase power cable 104 are each driven by one phase A, B.or C
of the three pﬁg@epbwblgﬂ%&nd 3ih 2(fregrangr thipl/is|op thy gﬁ%n%” te0oRes higho
and 300C). All three phases are also driven by an AC voltage 301 with
respect to grofhad hedrdescy &f Brmasreaveas’ Y K@uftﬁ?@rlﬂl FEGYRE, & \bes thef psyiod of
measur enent/control device(s) 202 w thang %e subassenbly 107.

Al t hough shown il syRlesfpntheifesreetivesignale AR0 B P8 bt FPW"E@WH@“%HWO&’PS/
enbodi nent, the power on the three phase power cable ¥ |

have a ground- ?%’?e%%@aw%f‘dx 8%@?\@.% COdrrpmiEst at 69?1%%% ava%mt)tﬁre
instrunmentation voltage 301 would be offset from neutral 0022] The
i nstrument powBPWeEdY L0 et S%Vép%mpatge 16R aplty Rhaggomhaseh ’i’“‘fﬁ% at 60
one-tenth (a fgct or of 10 less than) the voltage of the notor power
300 transnmitted?on the three phase power cable 104, and with a
frequency that s on the order of ten tines higher than the frequency

f th 30 | l
Pal f oyl es. foMEHe rossEIEo S S 3%%%3“%’%8% s sfffh R aefle s T
301 t 80-.10
l?ZﬁQ%”?t”tedpStW%éﬁbwﬁ%‘??% e PRI SJ5300 2k s
Kk 4 Hz.
E 882‘3] AlSJ P dtegcr | g1 dno\é%lage shgrt%%g 61108n<§ opily th t}le L‘E‘a %rumgrgt%gwgr 30§ggﬁears at the Y-

connect ed 49 apdf RO SANELE D gt hef @a&%seoalvaﬁg SR W

cumulative downhole motor phase-to-neutral power for the remaining two phases (or
single phase, if two phases short to ground) appears at the Y-point. In such an event,
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



(with no phase shorted to ground), only the AC instrument power 301
appears at the Y- 10 point, together with any DC of fset. When a phase
shorts to woourdi22imowever, the cunul ati ve downhol e not ®CT/US2008/069968
phase-to-neutral power for the remai ning two phases (or single phase,
if two phases short to ground) appears at the Y-point. In such an
event, the dowhiblgdrénpadgtqepatarfoathe ot @ewérdwhdl epltase iy geountie awd thgrmotor
power voltage for power in lieu of the normal instrunent power 301.
The hi gher vol perse apngars pete ¥ edintr equency of 15 the downhol e not or
power couples into the instrunentation 202 at relatively the sane
power |evel, since the inpedance of capacitive coupling 200 is

i nversely propt9ilondite taBO‘Prdéifﬂé??c?f“b&ﬁﬁwpﬁéhslff‘rgé’ﬁ‘t@ﬁc‘ir@éfehﬁ%fr e Bgess
of notor power 300 and instrunment power 301 were selected to be

i nversely rel ab¥fr 50l e Hopeyrr 196 femnorgsighpliae §'§/‘§tlé9rf‘%§’e srgateleoilvy
where the voltage of rmt or power 300 is nuch | ower or gher_  than_20
the exenpl ary WUPYES cabls %,Oﬁela A9ERRBCe IS Fr ] i} t?sﬁr?\ﬁef @ﬂ@a%aﬁé@@y
and vol tage of the |&|strumant pﬁwer 301 with which gau ge. 107 is

desi gned to op®Fare?Fbe2aPYH GHE ftoedy MERTTmEPSiitiedipt Bdinfequency (RF)
invention, the in uctancg of transfornmer 201 nmy be selected to

resonate with HER JdBFEEEECe JGH Eerng ?réqu%ﬁbyﬂ%’lah‘%ﬂwémlt(ﬁ)stlFQJﬁ‘ié‘ﬁtbe

power 301, providin | ow i npedance or the i nst runment power
and a hi gher ?%’é‘ﬂ’%ﬁ@é Al wé?“gFﬁ@e‘ﬁ@ 6?; FFBarly Wﬁb‘&ie SOTRY@npegtion
rounded and the notor r appears at the Y-p 025] The
gbove descri bel® ‘é’r’?ﬁﬁ G?b#}t; mﬁe pﬂﬁvgjgr@glﬁs}”&“ﬁ'gf‘téfmt 793 ﬁ‘é‘fhe?lzeﬁ\?{?rpaf%ﬁ rreshdise

power cabl? 104. ver,. one or nore signaling units 110 may be
separately %oub‘i‘%e&a ¥&h2{itfver cabl e 104 in accordance with the known
art to provide nodul ation of a DC bias or offset on power cable 104

or DY, super | MDfighd OOl AnlF SNSRI LEEN SLARBH i 36CE danee

wi th the known"ar signaling uni communi c

coupl ed to ga“%%%sﬁ IR (2 d&lgo%vc%qge[a{rg[s% Xf%l s 'F‘oé'}g g&”?ﬁ@ H?x%%”f% ﬁ‘grlnqge

to power cable provitding 1 nstrunentation

paths for recejylLig gooﬁlgvﬁngar?e?%r Sologlng}l, 'nﬂ)gulation 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



[ 0026] An al ternative enbodi nent of the present invention when the AC
power systemis floating involves the transfer of data fromthe
surface dowoholo®122is om t he borehole to the surface, or HeotUs269$/069968
nodul ati on of the AC current demand by a controller (not shown) in
t he downhol e instrunentati on 202. The downhol e 15 information ma
t her eby be tr ahdsfninteduntiog theeoweirsizaeled0hs Thest tepfuigues dllgy detadmbretransterred
proportional to the AC signal, or as discrete |levels transferring
encoded data. WiestheAEdaaamgaitrawerssignpald pelopgds the eavengstemupileatipe.
system al l ows a nuch higher data rate than DC powered data signaling
syst ens sincenhﬂ§7co Iing filter tinme constants are nmuch shorter.
ldi

Usi ng two or £ ePIESePE\RERiqR Provides PARY SARalEeSUHes dardaVriple
From a contr ol (BFIBEEE Ve SHPFITE oLS ABEARGE EHER File AER P b2
(concurrent Ly Wt crsie by St PRl T s WP TEBRLS Byt bl
dovi at 1 on. o YHBRRLITGE P GPPBE T e BO R S U (P
t echni ques allﬁﬁhgq a to be transferred using the AC i nstrunment power

si gnal 301 as &e PUAE NS ystem is floating. [0027] The present
i nvention provides power fromthe surface to downhol e i nstrunentati on

wi thin a bor ehﬂgg%]?;qé\is?%b%ﬁ?to%gésﬁa %ﬂ@&gﬁo%%e%}{s o%itﬁekbgéser?tq l;lf?t;#o a%er 15

t
from or concur e three phase power tor a downhol e

in a mnner t Ob%%icglg%oﬁ@%é '&@?eéﬁf)fv ggfutﬁgggmngr y¥lehinB rﬁeﬂl%dtelg}xbe’(fyir%ﬁﬂée

power cable to groun / or Insul"ation testin

[0028] 1t ¥ 501 MRQLLRARL nbQ KAl ih BRL artMihil HpfRAMIEAL SnelifanfshhCofthE $RMnt

i nvention have
invention and/or aspects thereof are 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



been described in the context of a fully functional system and method
enbodying the 10 invention, those skilled in the art wll appreciate
t hat the ME@RBNIEIIDI the present invention and/ or asp@ETEISeNeNe9és
are capabl e of being distributed in the formof a conputer readable
medi um of instructions in a variety of forns for execution on a .
processor, proBRLisietions apd eppjualenty uill by apparertio oppkilisA dntbp erti ks drpvwines
applies equally regardless of th articular type of signal bearing
medi a used to 3t WEHNSHgRY Bie Seftedsplosest Dy Vit St dingeRis b thesinysption
conput er readabl e dia include but are pot limted to: nonvolatile,
o - coded ty pEmElTHEE R B S TE A1 BRIy et T oeq F B RSN P

U0 o1 i L B ORI B S0, L TR
drives, CD , . DVD- DVD- R/ , DV RWs, flash drives, and
ot her nemergiyﬁ’§l%?mégﬁggxﬁpﬁg??°g¥%a$?ﬁﬁggﬁg§ion type media such as

digital and anal og comruni cation |inks. For exanple, such nedia can
i ncl ude both operating instructions and/or instructions related to
the system and the nethod 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 enbodi nents shown and

described, as nodifications and equivalents will be apparent to one
skilled in the art. In the drawi ngs and specification, there have
been disclosed illustrative enbodi nents of the invention and,

al t hough specific terns are enpl oyed, they are used in a generic and
descriptive sense only and not for the purpose of limtation.
Accordingly, the invention is therefore 5to be limted only by the
scope of the appended clainms. CLAIMS WHAT IS CLAIMED I'S: 1. A met hod
of powering a notor and an instrunent of a subnersible punp assenbly,

10



conpri si ng: (a) providing a three conductor power cable froma
surface |location to the notor, which has a Y-point on a | ower end of

t he notor; (b) electrically coupling a capacitor to the Y-point
and a side of the capacitor opposite the Y-point to the instrunent;
(c) producing three phase notor povekAIMS the notor and

si mul t aneousl y produci ng single phase instrunment power on the three
conduc VOHAJOReC LARMIED IS:he i nstrument power being at a higher
frequency and | ower voltage than the notor power, the instrument

power voltage existing at the Y-point and passing through the

capaci tor t NSt , or r in r I

fhat 14 7er 8 SPfpl BTIUTRRL - hifrRhGh AONERBY o Sdh Bl AR6Rb1y.
conductors.of the power cable shorts to ground, which causes the

nmot or V¥PPAY%®Et 0 occur at the Y-point, an inpedance of the capacitor

i ncreases due to_&he | ower frequency of the notor power than the .

i nstrunment  FBREIVIding a s condusiongover qamls s frsyrast logation de disgmpigy gyhich
of nmotor voltage; and (e) bi-directionally transmtting data on
t he thheea ¥dwdtienaeroyweved of disireothet ween the surface |ocation and the

i nstrunment by nodul ating the instrunment power, interrupting a
frequency ofb)teleetricaldy canpiing a papweitor tothesYipbint agd asifle efjthe napacivdr dppesite the
i nstrunment power. 2. The method according to claim1, further

conpr i ¥i-pnibiterintunsdnep (c), appl yi ng between ground and each
conductor of the three conductor power cable a DC test voltage, which

i's bl ocked {d)qdfeng edd PRRBImEYr bBReCARAGE tidtor al sibBtaA®IuRYdproducing
according to claim1, wherein step (b) further conprises: coupling

t he ingj : It ' :
§1§1§1§§§Q§e 1B§mtnn:ﬁt ﬁ@opél%h 14 t ée%oﬁd&c'&ﬁ@g@vglr {%l‘e‘g I&hﬁs&%ﬁ%&§%ﬁéﬁ%¥n§§ at

and the citor being selected to provi w i nmpe

s ThorEREd RS ed: doffed TRRIREHERF bk it MG R AR Heteee
Char acEURE FOTBIBOH 01 PRAIEs et b oMLy B G TpFen e motor pover
conpri ig\fsir:lg a motor voltage that is zero at the Y-point;

(d) in the event one of the conductors of the power cable shorts to ground, which causes
the motor voltage to occur at the Y-point, an impedance of the capacitor increases due to the
lower frequency of the motor power than the instrument power, thereby passing to the instrument
a reduced level of motor voltage; and

(e) bi-directionally transmitting data on the three conductor power cable between the

surface location and the instrument by modulating the instrument power, interrupting a

frequency of the instrument power, or shifting a frequency of the instrument power.

2. The method according to claim 1, further comprising prior to step (c), applying between
ground and each conductor of the three conductor power cable a DC test voltage, which is

blocked from the instrument by the capacitor.
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communi catively coupling a signaling unit to the at | east one gauge
subassenbly for transmtting data on the three conductor power cable.
5. The nmethod of claim 1, wherein step (c) conprises: providing the
instrument power with a voltage that is approximtely a fraction 1/ N
of the3not ogh?)@\ﬁiélpd veslordipe toadeimal , vhetpirestery (b iiarther sorapiesixi matel y a
multiple N of the notor power frequency. 6. An electrical subnersible
punp s ysipding cherprsirsinagy: toatht tapasitoo Mauc trensfpower the ainefopntreandi thg chpagitor
a surface location into a conduit; an electrical subnersible punp

not or Weihfiseledtbtocmadde b 1@andmpalapteghtl Corttheinkimitent powetigidod highWepedance
cable, the notor having wndings at a lower end joined to forma

Y- poi NpathForBP AL PbwanNd transformer coupled to the Y-point; an
i nstrunment coupled to the transforner, which is connected through the
capacitor to the Y-point; a power source at the surface coupl ed

to the three conductor power cable, the power source producing three
phase #pt or Theomethol accpdfi@toecliife], Mein tuddngpiia@dhiCiongrisésngl e phase
i nstrunment power for sinmultaneous transm ssion on the conductors of

power galghe oné’\@ﬁfg@ isibaksftenbly Rsttnid45BHe RQMRFatiR@ShARat@stia 8L cdt@dllidgS device;
approximately a fraction 1/ N of the notor power voltage and a

frequeg&yﬁ&p&5ﬁhgkp&g&ﬁﬁkgateIy a nultiple N of the notor power

frequency; controller within the instrunment nodul ati ng AC
current_drawn by,the lns%ru nt fr t he,instrument power..to transm.t
dat oo HEREHRELY cHERlinDS gl unks (e A¥ ot BT suBatiitnty for tiinitine
one or qpretsugpalin units segfrately coupled to the three conductor
power S4BB CraSHY PPRE ¥8t°a over the three conductor power

cable to the instrunment either by tenporarily shifting a frequency of
the instrunment power or by tenporarily interrupting tin the

I nstrugent pEWeLmod %9 claim 1, wherein step (c) comprises:

providing the instrument power with a voltage that is approximately a fraction 1/N of the motor

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

6. An electrical submersible pump system comprising:

a three conductor power cable extending from a surface location into a conduit;

an electrical submersible pump motor within the conduit and coupled to the three
conductor power cable, the motor having windings at a lower end joined to form a Y-point;

a capacitor and transformer coupled to the Y-point;

an instrument coupled to the transformer, which is connected through the capacitor to the
Y -point;

a power source at the surface coupled to the three conductor power cable, the power
source producing three phase motor power to operate the motor and producing single phase

instrument power for simultaneous transmission on the conductors of power cable, wherein the
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the capacitor being sized so that when the Y-point has a neutral

not or power voltage and the instrunent power is transmtted over the
t hree conductor cable, the capacitor passes the instrunment power at
the instrunent power frequency to operate the instrunent, and so that
when ainsbwaeritnorvephas heoltage dwt sormpuetioatehyanBrctioadiRd of Hisrmetor poweroigtiege
creating notor power voltage at the Y-point, the inpedance of the
capaci tuat a fraqreeasthst it eppasimagely & acitippnNaff theheotonp@rvergeaeencypl t age at
the notor power frequency to operate the instrunment. 7.The system
accor di ng t @ cehtailler Githith@e @ishuinber BafasideosC khigeksdriw®BY tHteinstrument from

instrunment high DC test voltage during testing of the three conductor
pover @Rhh&rnReHhANr@8 transmit data on the three conductor power cable to the surface location;
and
one or more signaling units separately coupled to the three conductor power cable and
transmitting data over the three conductor power cable to the instrument either by temporarily
shifting a frequency of the instrument power or by temporarily interrupting tin the instrument
power; and
the capacitor being sized so that when the Y-point has a neutral motor power voltage and
the instrument power is transmitted over the three conductor cable, the capacitor passes the
instrument power at the instrument power frequency to operate the instrument, and so that when
a conductor of the three conductor power cable shorts to ground, creating motor power voltage at

the Y-point, the impedance of the capacitor increases to pass a fraction of the motor power

voltage at the motor power frequency to operate the instrument.

7. The system according to claim 6, wherein the capacitor blocks from the instrument high

DC test voltage during testing of the three conductor power cable insulation
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