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This invention relates in general to downhole electrical submersible pump ("ESP")
electronics and, in particular, to downhole ESP assemblies which utilize active
15 semiconductor circuitry to disconnect or regulate voltage to downhole electronics

for protection in the event of a power surge or grounded phase.
BACKGROUND

In conventional submersible pump installations, there may be a system for
monitoring various characteristics of the pump motor environment, such as
20 pressure, vibration, and temperature. Due to the extreme conditions inside a well, it
is important to be continuously aware of these downhole operating characteristics.
) The temperature is often 200° F or higher, while the voltage and current being

supplied is also at high levels.

There are various methods used to monitor downhole operating characteristics. A
25 surface unit typically monitors these and other conditions via data sent from a
downhole unit. For example, the temperature of the motor provides an indication of
the pump's operating efficiency. As such, a temperature probe located within the
motor ¢an provide an indication of whether or not the motor is overheating, which

may possibly lead to motor failure.
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invention advantageously provide isolation circuitry consisting of semiconductor
25 components mounted inside a housing located downhole in an electrical
submersible pump assembly which includes, for example, a pump, motor, and
gauge component. The isolation circuit is coupled to a gauge processor which
measures and tests various downhole characteristics such as temperature, pressure,
and vibrations. In the event of a power surge on the system, the isolation circuit

30 will cease or limit electrical conduction, thereby protecting the sensitive gauge
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the gauge circuit. The isolation ¢ircuit includes active semiconductor elements to

detect excessive voltage and to protect the gauge circuit from the excessive voltage.

) In view of'the foregoing, the present invention provides isolation circuitry and
methods to protect sensitive downhole electronics in an electrical submersible pump
25 assembly by utilizing semiconductor technology to provide a more compact, faster,

cheaper, and efficient pump assembly.
BRIEF DESCRIPTION OF THE DRAWINGS

Some of the features and benefits of the present invention having been stated, others
will become apparent as the description proceeds when taken in conjunction with

30 the accompanying drawings, in which;
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present invention; and

FIG. 6 is a circuit schematic of a gauge processor according to an embodiment of

the present invention.
15 MODE(S) FOR CARRYING OUT THE INVENTION

The present invention will now be described more fully hereinafter with reference
to the accompanying drawings in which embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not
be construed as limited to the illustrated embodiments set forth herein; rather, these
) 20 embodiments are provided so that this disclosure will be thorough and complete,
) and will fully convey the scope of the invention to those skilled in the art. Like

numbers refer to like elements throughout.

Referring to FIG. 1, an exemplary embodiment of a prior art electrical submersible
pump installation is illustrated. A pump motor assembly 10 is connected to a three-
25 phase power source (not shown) by means of three conductors 12 located inside
power cable 14. Power cable 14 extends downhole from the surface to pump motor
assembly 10. The entire submersible pump installation of FIG. 1 is located
downhole inside a standard well casing. Motor assembly 10 is symbolically shown

4



power cable 14. Power cable 14 extends downhole fromthe surface to
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di sadvant ages by utilizing active sem conducto onents’
accordance with t htdaalstiagedpwnivle cohditi®@@pr esent i nvention which will
now be described. Referring to FIG 2, an exenplary enbodi nent of the

present inventi onThSprdr kit Slefat 8AFIGAI RUMRIVIREMoufSSARD I irELch:t.bxs(inductor
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10 i s Applicants realize the need to overcome these disadvaritages by utilizing active
semiconductor circuit components in accordance with the embodiments of the

20 present invention which will now be described.

Referring to FIG. 2, an exemplary embodiment of the present invention is
illustrated. A pump motor assembly 10 is connected to a three-phase power source
) (not shown) by means of three conductors 12 located inside power cable 14 which
i extend downhole from the surface. The entire submersible pump installation of
25 FIG. 2 is located downhole inside a standard well casing. Motor assembly 10 is
symbolically shown by a three-phase power AC winding 16, which is Y connected

and has a neutral, ungrounded node 18.

A housing 24 is attached to the lower end of pump motor assembly 10. Housing 24
contains an isolation circuit 26, which is electrically coupled to neutral nodé 18 via
30 conductor 23a. Isolation circuit 26 is also electrically coupled to a grounded gauge
proéessor 28 (FIG. 6) via conductor 23b in order to transfer data regarding the
5



synbolically shown by a three-phase power AC wi nding 16, which is Y
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i nvention 1@gnplo r e
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vol tage being fed fromneutral node 18, isolation circuit w |
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circuitry 26 can éﬂkﬁ]ﬂ%h@lt&fg@bﬂh@fed @O et Rédé 18] is IR Mh CRAKUGHAT limit or
circuitries. As is understood in the_art, sem conductors
circuits are desi ﬁﬁ'(\gg‘ef’}lré?ﬂt Wéﬁ%@&? HOGRIERS-ar e nei t her good
conductors of electricity (such as copper) nor good el ectri cal
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25 specifications, these materials are then statically modified through a process known

as "doping." Doping is a process by which impurities are introduced into the
material, which in turn either creates an excess or lack of electrons, thereby

encouraging or discouraging electrical conduction, respectively.

In addition to permanent modification through doping, the electrical properties of
30 semiconductors are often dynamically modified by applying electric fields. The
ability to control conductivity in semiconductor material, both statically through

doping and dynamically through the application of electric fields, has led to the
6



In addition to permanent nodification through doping, the electrical
properties of 30 sem conductors are often dynam cally nodified by
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conponents whi ch aViged s kehicMitctb:s ke ©pds@Bi 1AW urizESarRS fectlboflc OF der
to take advantage of these characteristics, the present 10iI nvention

enpl oys seni conducPBPOtERisc Pt ¢y dpss minpinization sHow Biecagronsiip prewsipsn

and protection, thediehytabd @MWiltd diQuit fhpdhsRAMAN A0S Aghialied Wi th
the large, less efficient, and nore expensive_ inductors.
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processor 28 can FHEE I%Fl?eé‘%é’ ah%’ﬂaﬁ‘ﬂg E’Fﬁ&‘sﬁa@%ﬁﬁqs%ﬁe%‘%ﬂ%? %@‘ige% | |
bg&i scussed | at erfficient, ABhdmieSLpensivy i@duchoay, exanpl e, the circuitry
(FI'G 6) of processor 28 could include a power system current

transmtter, and @Eée\?&}gcegs%wlfén%ﬁﬁeﬁﬁéﬁg}é C%Hl%&&i%%l?l b Of 4o SRRk G B
pressure transducer, Vi bration/accel er oneter, or efperat ur e Sensar .
| n operation, gaudechseédssmbodmPOnefdsnresnttitienticar dsouderstood by those

characteristics ofihe,dwh Iy bl g]gtg\ﬂt :
to the surface viglconauct or?%gglﬁégogg%%mt@%%lzéé 1e§g5i§§% arf/1
enmbodi ment of t he s¥qmriasy embodiment pélbbeadiscoedlpiecinithis digelestret Fer qrrmBlahe

inventionis ill U%M&gﬁ@é&ﬁ%mocefsé&?zﬂﬂamm?d%ta%o%r y516m PLESR Bhnsmitter,

invention are directed e use of sem conductor circuitry in
prot ecting downhoPe! vsighsedonnbelf saisorTveh e &y exampfie a pigsaerptioargduessnsi der

this disclosure tQieRIRARRRARY, or temperature sensor. In operation, gauge processor 28

20 measures the various characteristics of the downhole environment and transmits

them back to the surface via conductor 23b.

Referring to FIG. 3A, an exemplary embodiment of the circuitry for isolation circuit
) 26 of'the present invention is illustrated. Again, the embodiments of the present
invention are directed to the use of semiconductor ¢circuitry in protecting downhole
23 electronics. Therefore, the inventors consider this disclosure to encompass any
variety of such circuitry and designs. As such, those skilled in the art will
appreciate that the operation and design of the present invention is not limited to
this disclosure nor the specific circuitry discussed herein, but is susceptible to

various changes without departing from the spirit and scope of the invention.

30 In the exemplary circuit schematic of FIG. 3A, power is applied to isolation
circuitry 26 from the neutral Y point 18 via conductor 23a. If, during an electrical
7



variety of such circuitry and designs. As such, those skilled in the
art will appreciate that the operation and design of the present

invention iwoR@snhi#Asted to this disclosure nor the Spe(i"CfThﬁZOOSIOSMIS
- Ccircui try. discussed. her.ein, but..i.s suscept.i bl.e .to var.ious

wi t hout departing fromthe spirit and scope of the invention. 30| n
the exenplary cir cuirt, ischonmt Valtagefbeddn@s eBbgsivp Guedraliysdua ppd Tgne@hdtcm one of

isolation circuit Ye Igaféis{ﬁ!e 1%&@%0?0?‘?%5'9.%{1% cu@ul n56 wq %Jleg‘ LEC)ere t‘cec[m 23a.

I'f, during an electr
excessive (gener algiygedirenitnnd leplgion dlrfnmtrm%encmfdet zhécdieelaUgmbleém sagest he

motor), isolation,ghtedabled 28 atWhé ﬂn%ﬁB?ﬂ?Iatya%fra}?t ode %?:tf)lng ﬁﬁzg@gs a

C|rCU|try 28 | solation circult I nc cou
series al ong cond@@%iﬁh%ma@hﬁlh@tﬁfmwﬂeéﬁed ptgled %ztfmnwt;mh aligivts rtly: 26.

Diode D1 is utilizegh% e@st@@lt@&c‘“ rl'\’é’gge'a“ fr ﬁ?ﬂmoﬁr%egﬁedz@ acrg\gg?s%(aﬁrgcqim?‘t

t he surface, which allows the d ol e systemto (or it
i nsul ati on checkedd 408 V&G @m@@ﬂm ﬁ@b‘?q ‘tﬁlfﬂ&eb Aove H\FIBQI"(* madlgméhmt her

desired voltage). ffva@diBcH¥8 %%Q&Hi@ﬁdhmeﬂt rkorah@n JIQ{IY@@@ lsddp'él? CdiQfdn ' S
possible in the event isolation circuitry is open: Isolation

circuitry 26 furt REMITY®S Hdkss I%‘“S%%@a?éé‘ttwﬁ) ﬁo SV iRgeas\heraaia solatien neit fr

i sol ation pojnt f ek ckOlitvad GithiEssbionBNyhRhtrbrbdd 8@ SLkion 3 Bdpeinenint o4t {agé
gate section 30 o X\h t.he vol t age afpllegtothe circuit exceed
E}mlta tolt ¢

a specified thres W@‘té’%‘?{jﬁl&éﬁ’e}?‘ ehbedhdidnt of FIG 3A, gate
tion 30 includes three insul ated gate bi-polar transistors

("1)GBT") Q, @, huite egammncmtwﬁmeooum@cm Bats X1 @3 (tifclides thie ifishiRted

T t d d { t
15 nventi on. ¢ he. gt 2 R0EE BRIk BT BRARA VEPL e Shivtibds B6FF cor
devi ces, as under m’slugdleb'yitaghmvrm Helveseln thamt heotlzer embddi@ents &fthd fagsent
i sol ation Cl§ cui t !HQQHBB 'tﬁéaél O%kolﬂr g% éog%){lgf’t Bh& &BL‘B tngrgng'a% ]%'{‘?%ﬁcleg%%

transistors, according to ® presen
| GBT devi ces corrbmderStOIQébSih@pﬂ sillgdingthelari. v"ﬁlat:llsmalneaextimonstrmts:omﬁmiehe

MOSFET wi th the h%lgllallﬁ%rffs%@ed%ﬁg Rl SA’tér%f&I%Hﬁfuﬁ’-% afgp%rlethBg%o ﬁ?&?&f‘t Ly of

20bi pol ar transi stors conbini g e con %ol
i nput, and a bi poﬂ’ra?enbé\i@f-m!! r BiedOET deviees cemigng tb@hmplemafa dsivigamcteristics

device. In this eéﬁﬁg)ﬂ/l@s?ﬁ’@%m hc%ﬂ'&n aﬁ%g%ﬁ‘é 1%%&% @111@5’%3@)

is rated at 1200 and the rraxwrumvotaelsS V. tors
R4, and R5 e cobiptledragsistersdy peslnipg a@a@ﬁed GEToghE contp! inawidandd bipoler

the purpose of biasieRGaRAREbr BONRitch, in a single device.

In this example embodiment, each IGBT device (Q1, Q2, and Q3) is rated at 1200
— and the maximum voltage is 3000 VAC. Resistors R3, R4, and RS are coupled at
—) the base of each IGBT QI, Q2, and Q3 for the purpose of biasing and power
25 dissipation. Zener diodes D4, D5, and D6 are coupled in parallel, in the reverse
direction, with IGBT QI, Q2, and Q3, respectively, in order to protect IGBT Q1,
Q2, and Q3 from power surges being sent downhole from the circuit input. Another
diode D2 is coupled in series behind gate section 30 (between isolation circuit 26
and gauge processor 28) in order to prevent power surges from being sent back into
30 isolation circuitry 26 from gauge circuitry 28. More or different IGBT devices and
isolation circuitry can be utilized as protection from a higher voltage, as understood

by those skilled in the art.



25di ssi pation. Zener diodes D4, D5, and D6 are coupled in parallel,
in the reverse direction, with IGBT Q, @, and @B, respectively, in
order to prppeslnbiR d, 2, and B from power surges h
...downhol e-from the-.circuit .input. -Anot her.di-ode-D2 is. cougrﬁgzﬁﬁﬁ%m. e
series behind gate section 30 (between isolation circuit 26 and gauge
processor 28) in d&rdesr rafenipg evkrixeppwyembutiges of FiGns hgiipgesemi? ifrdaks
~into ~30 isolatiop,g} ok r 8.
different |1 GBT dev?ceslgan%g ?Osgﬁdagr{sg{r&%ﬁﬁ%qd% Prl%l b %’er% ?Hﬁlgpone(aa(%hode
protection from atdiingaks! zoush diadeD3 Bsoupidde @t@ddtebymaimgedtsm)l ih exderito
the art. FUMLNer sb@loidsifladk QorliBX aBIALY RERAML APM 0 aclll oot
trip section_32 includes zener u1e in series wth di
DL in the reverse@H 3%@?@%?@@3@%%‘@”&@?1%@@? D@ fand i peralle]ivid dramdstar s
coupl ed to cat hodggstgsgigaabs p@d(twggqgrepo%Q dlésﬁyaﬁ)(yr%%lfpog& ggrgnsﬁskb? aQbA8y 0

and

voltage for isolation circuitr Resi stors re5|s¥ors
R6 5and RO are cofff! %11?%0@5’15?@%1' Which coriyines tn Herdarpenagiers infanslamparithia)

With transistor ag §1ﬁ§1@|d¥w@4sortl?a$fh@6ﬁr¥e\ﬁ€iny lifi E&)By RONRY is AP BhidAaEMRNby the
pur poses. (Transistor, K assenb is a [E’a ing-ton transistor, which

combi nes two bi poPesPrdtFagsisio %F% aﬁﬁoﬁtﬁﬁﬂﬁ%aﬁﬁeﬁlhﬁyrﬁgﬁs equilyH én weigbelnd o
that the curgent aRpllsRBEMdRS. Uﬁ@ccfllbét&ﬂteﬁlﬁna@-@ﬂl‘ah&ét@rchs%%ty}'@i is BYuplc &
second transi storgébThe E(?@ (21; bransistor ass§ Q4 is coupled in
series behind 10r B&{P&¥sf &R QPnandagle py FBrr‘m‘l“ér'ﬁLP pintger the
transi stor assenbliyu@y. isnotetyehadidde D ecob@s®bddicch GBS or teeBinaidind

@B,}) and acts as the imary, "trip, point for the circui Anot her
zé‘ger di ode D7 iﬁ%{%{%{?{&?ﬁ"’%@?@é@ﬁd grﬁ‘énddléf’rldgctf’ Greuket rﬁ’é%] %1”“ the
transi stor assenmbtofledr @imdng bOusisionasednthy Q4.0A agama&tembauhmeem tofgkdawnd

embodi ment 1% to- JF STHA TEPRE e Ul TERLR 1o puid ot FrGel T at od

in Figure 3B, creagilagr,s tdanduder?3b,as utdegtobdbpihpsetskilledmdbcdror 23b, as
understood by those skilled in the art. In normal operation, zener

di odes D3 does nof, apdy éra@dﬁdz h&%:&d@éb?&&é& n&th:@ﬁ cﬁ%d @%s&&@hﬁr{ﬁ’“ I

forma divider Wnichtur S on ate section
usi ng the vol t ageRf-aa@Ry adll fqr@mde fé’bwh%@fmlﬂe@ %ﬁdﬁ@ﬂ@hﬁ@@é Q2 gndt he

event the 20vol t age,dinehedsiBSe ;egelmefme%pgurfa@@wc&%&& Al Oﬂ%he%%em the

begi ns to conduct, the current flows through zener di ode D3,
causi ng tratsi st o¥olasssiasmstsys (@iharRein whery atner digseded heginnid aopdct, §§§éﬁﬁ@Fy

Q4 is activated, gatanSast 18 SHRIDY, &sca%gt@aﬁgkst@asgénb@psm%%l%

tripped, thereby reventi ng ané power auge circuitry 28 via

conduct or 23b. 25P¥cdRBHHRrasEROMPE ?Cté’ﬁﬁé@ﬁﬁﬁé?ﬂtw“ Pladt QLiBnandi Qg t ry

26 could also lncckpéﬁl@i aﬂqpﬁddomalebﬁr%mﬂgra&ﬁy ?6wé—%lﬂb@:&@g&igygr&ﬁtﬁmlvﬁa
desi gns. For exa ode coul d be coupled across the em'tter and

col)l ector term nd °§g‘6‘lt°rt2|3%n5| stor assenbly Q4 in order to protect
transi stor assenbly 4 fromvoltage surges entering the circuit via
conductor 23a. Al kapotbapaantlaysmbadinehtfislaionplradirads osakiatbusnchideat i ons
in the circuit additional circuitry or alternative circuit designs. For example, a diode could be
coupled across the emitter and collector terminals of transistor assembly Q4 in
order to protect transistor assembly Q4 from voltage surges entering the circuit via
conductor 23a. Also, capacitors could be coupled at various locations in the circuit
30 in order to filter noise created by the diodes and elsewhere on the system, In
another exemplary embodiment, isolation circuitry 26 may be potted with a high

thermal conduction epoxy. The epoxy isolates the circuitry from electrical arching,
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30in order to filter noise created by the diodes and el sewhere on the
system In another exenplary enbodi nent, isolation circuitry 26 may

be potted t hermal conduction epoxy. The epo
ybodd B2k PrhdUo8hETs

the.-circui-try. fromelectrical. archi.ng, . protects.the CJI‘CUItI’y
particulates in the oil, and provides ther mal conduction for the
resistors and corrpmmemttse cifcnitry'éﬁomaj’aﬁtchlm’es mnfead, mEpkqvidel Greinsed ba@ilidditn
circuitry can |nc|f gg s GI|nduct9r before diode D1 to further:

el i m nate spikes an eErgﬁ { teLn “HEPEES As under st ood by 5t hose skilled
in the art, this inductor be nmuch | ower voltage due to the

vol t age drop acr oé%yﬁttﬁ@tfgﬁ‘éﬁmg@ﬁm%tﬁhﬁwc&ﬁmeelertur’fSZ/ can Refuge & smed! indichr G

4, an exenplary epbggi d?&@tDlocB ﬁﬂfﬂ%lﬁﬁw&%ﬁfﬂ& a{gﬂ fsP 51%&)? Rbisd. %%Hér?&ﬁd&?

illustrated. Housing 24 includes a ase a mani
plate 44 whi&h fi thosekilifdin thpartbis ndeiorarny bymachlewer ‘@ﬁ%nﬂﬁt ip theovolead

base assenbly 1043;opta0@e ietenichilicimbidigthd pl ate 44, form housing 24.
Housing 24 is tubul ar shaped having a hol'lowinterior 34. Head 40 is

attached to notor ead ssenbly 39
oo e | ocates BRRRMEIEGT Pt lad emhei et R Re bl e

di anet er of head #fentideadlllddraies. Hbﬁs&ignedmcluﬂedb&&ed42bﬁshmmtaghlaaiaﬁitd[ter
bolt and thread as e 45 t t ext.ends
around the outsi dgf%’ﬁg vﬁlﬁél%t?m lfm 53@8%%1838 eﬁ%‘s&e %‘éﬂ @F%@%&S%’Pbly
ot her equi phent cah tépethat Walchedfddplatt 84, Ifmnﬂmuﬂrrgm. Conelug24os tuddlar shaped
e_xj>gnds thr OUQ.h hﬁi\)r%v)ﬁﬂorﬁng Illtgl’ orgé Itléag o) heg%sngoqg‘la%/se%lgl'ylla gévdﬁrﬁfltg

feed power to isolation c gauge Bt 0ces¥ed
of "a di anet er whi thead bhdbedt aS$en‘tbb' ﬁlwhldn&@bgted cmdladg Hebal edtOnds Evotnetbié ng

around the inside \gghé ¥ tg'xto% 'ilba(?irfmohe%]:ﬁ qs é’i‘gcl{e t@ba%?%%ﬁéﬂ%%thefb%lt

base 42 is noved 3 into p ace 1 nside e dianeter o
mani fol d pl ate 44andgBread dseamidiett paronafingedlSdliat basds aRuaittie slivld der

43 of head 40. Asysich, oftbgﬁ BX 'Bﬁseqia E%EH ch%ledjor%lt}%[‘ gqeﬁpﬂl‘neln&an be attached to

perpendi cul ar to the axis of housing an a rnat
enmbodi nent, mani f & lawpi sede Cauduptsr Qﬁwﬁf@w thrpgghdelléw mtevipn34 feh wickual

housing (n ot sh Omgb)sem!fm 10" drdd téi@ec?ﬁ%(x%%%so?a‘h&'tja%uft be a%ﬁ%e%o&&s ter

of manifold plate 44 in order to forma seal 25between 1 I nsi

surface of head 40 an nifold plate 44.
ga 49 Isrr%a diameter e/hicfj allows it to fit snugly inside head 40. Extending

around the inside hollow interior of head 40 is a shoulder 43. As base 42 is moved
20 into place inside the diameter of head 40, manifold plate 44 rests between upper end
48 of base 42 and shoulder 43 of head 40. As such, the axis of manifold plate 44 is
‘ perpendicular to the axis of housing 24, In an alternative embodiment, manifold
} plate 44 is mounted inside its own individval housing (not shown). An o-ring 50
extends around the outside diameter of manifold plate 44 in order to form a seal

25 between the inside surface of head 40 and manifold plate 44,

Referring to FIGS. 4 and 5, an exemplary embodiment of manifold plate 44 of the
present invention will now be described. Manifold plate 44 forms the mounting for
isolation circuit 26 and gauge processor 28. Isolation circuit 26 is contained on a
circuit board on the upper surface 52 of manifold plate 44, while gauge processor
30 28 is contained on a circuit board on the lower surface 54 of manifold plate 44. As
such, once the housing 24 is assembled, isolation circuit 26 will be mounted inside
10



Referring to FIGS. 4 and 5, an exenplary enbodi nent of manifold plate
44 of the present invention will now be described. Manifold plate 44

forms the nﬁ,%%ég?lgyfég isolation circuit 26 and gauge pﬁm&gma‘&m

lsol-ati-on-cl-rcui i-s-cont-ai ned on a ci.rcui-t .board on
surface 52 of manifold plate 44, while gauge processor 3028 is
cont ai ned on a ci rtoasmttobohoefohaor asdamblydm/entmmpﬁeamefawsmdfnrmiﬁlﬂ plhtd44.

plate 44. As such, ousi.ng .24.i,s_assenb L
circuit 26 will b é&l%gﬁ%llhgl%feﬁ,s 1?03%‘[1%% Blrcugt 2B 3 and gatipe proc‘les ffpar? rgPunted %&f]y
10 on the upper sue fasb ethSQandfpem‘rdidet o thd axisef AelisinAR4.0ln cét@r embodiments of

11ustrated, |sol atd Boflikftlidn, 20 BRI PLAGERS Blocal 3RS, SR, ed

parallel to each and per pen Par 1o
I n ot her enbédi memaynigf it diker prientasions W!ﬁvreﬁh@ hawingt Adiritsalngts owvn:lesracw t

26 and gauge processof to%ﬁotg@%ar.%@ Ré@%ﬁ?bg (ﬂ'oﬁi&d%hﬁ"&gbrlg r ]LIEEQ-’SI?BC)L Qera&}d O~

within the housing. A first
gauge processor 28ngpHFArHk R S%hbﬂ‘ﬁ@b ImGSHSIq?ISRTéE\ﬁP Q’!éheaté‘l%@‘@cﬁr@mlde |Smr§10<53

forms a seal betwgemebhe b n?héjﬁes%&fé bRae u@;er Q@é%jf o4i'91g C‘!wfl P@at%tn?dt&

surface of the base 42. The pressure on rin
will be at the noPEFSUEH Mhishésssbitatialiiades i tbe taaﬁprie@ﬁureyn@qemll Tf@

t he hydrostapic DE%@%&thalom%lmL JnamTJa@lgéQ%%% ﬁlda@tkg{fye 93\9@15111

side is at atnospheric levels. As unders by those
art, nitrogen or #&hh Pﬁ‘ér“t“rctﬁs%or@ér‘l‘wﬁéaﬁ"saééedeﬁ@elf@mﬁld%iwtﬁ%me

pratect the el ect ERRGws. h{hdaﬁlﬂﬁ JlidoRBion &%l 88 @Bl tb:CHhikciidf b _Pot t ed
fo[)protectlon fromF rticyl ates in the oil. pressure port 56

extends through mRHTFRE PS8 44 from upper surface 52 to 15 | ower
surface 54 in order to all ow gauge processor 28 access to the oil
pressure for measdreeent soafitiotedt hngel meeioidaté #OffopueEs bircsiNs or

57 via wire;60. P alns t hr ead
pressure sengor !}o%?é{[)ﬁceoﬁ{ lév?edgr% wBang? p'g%ess%agg%cﬁ?sg %‘8? {f PEESIY,
contai ns a seal (metsushewspnd lestiog deeiveédirqu presnte sbreakdlgeéa wifre @] IPramde

debris. Sealed f eﬁ(q{g !ﬂfg Qughs tl%gadg(vﬁicﬁgﬁoqvv égs%ﬁr%?%.sér%%'%‘ o port 56.

pl ate 44 20extendin rom u OWer sur ace
order to allow poﬂl@ﬁsurea@ft\ﬁélalsoa@lt@nweﬂea dmtahOQf@émtorwa)wveetslquage@f bié

fleed | rom conduot fs @5 (Sl Bkahlgihs5h ARUISL IR0 ARMLIR, A LA GRUTE

processor 28. A vi ratl on sensor accel ero
mount ed to 2he ci P%mdtﬂgtﬁ%“r@%ffsug"wéé ftphowe@gﬁ”@ﬂe 528 prdergp dérw nowedet ect

vibrations. As di geysSesk: Qﬁtg\@em Wires), to be feed from conductor 23a to isolation circuit

26 and then on to gauge processor 28.

. A vibration sensor 62 (e.g., accelerometer) can aiso be mounted to the circuit board
) of gauge processor 28 in order to detect vibrations, As discussed previousty,
25 manifold plate 44, as well as the circuit boards of gauge processor 28 and isolation
circuit 26, is perpendicular to the axis of housing 24. As such, vibration sensor 62

can detect vibrations in the plane perpendicular to the axis of housing 24,

Referring to FIG. 6, an exemplary embodiment of the circuitry of gauge processor
28 will now be described. Conductor 23b provides voltage into input 64. A
30 switching regulator 66 is coupled in series to input 23b, which is used as an internal

control circuit that switches power transistors (such as MOSFETS) rapidly on and

11



' 25 manifold plate 44, as well as the circuit boards of gauge
processor 28 and isolation circuit 26, is perpendicular to the axis
of housi ng , Vvibration sensor 62 can detect S
~.the.-plane péfr%ngﬁ%%oéu ar .to. the.axis. of .housi.ng 24. .Ref erIlr(IbI{lu'gst Og%l’—‘ﬁ“é]
6, an exenpl ary enbodi ment of the circuitry of gauge processor 28

wi Il now be descri#gid.ord@otdiebilae aR3bduoe the bdps vultdgt agairemtsopplisutthe64 .
A 30swi t chi ng regul;atof, L8 p ri t o _i.nput whi ch
is used as an interna Qca(tgsnlte%té gg‘#ré‘ﬁ%d@%a%ns mEcuﬁrentOqungregdlamr Sarr b
transi stors (such el NOSHPT e swigiie psuatorgcks undefstiod bmrtmbearskﬁltad in the art,
stabilize and rEd%ﬁar{:st‘?ae‘?Uﬁ R;A?so\éal {ed seQEStSH{[lte@taﬁ%REédtgq s%ltt he
circuit to a selected |evel ter constant current nt
regul ator canl be UBEe PR teetiniest bﬁ’lﬁ@lgswoﬁﬁtﬁmrﬁéowe@lqlsafﬁm Cl@@ntle@
under st ood by thosgupikitd t@ﬂsﬁlﬁteﬁéﬁsﬁ{atnalo@t &Qfﬁﬁ%@&@F?Iﬁ Aﬁco%bé‘@r"
coupled in series to input 64 and is used to transmt asurerren
obt ai ned by gauge ‘Prodessaic 2evalies anele W@t@@@?ﬁ@?ﬁﬂeﬂﬁgm fhﬂ@@l@pﬁSed

to transmtter 68 Hgsang g@-bl%ges&ﬁZ@Yrgﬁlraﬁ‘dlog(%gﬂ}éﬁﬁtf&% Heldork tHAY Qe ansmltted
converter”), which is used to convert the anal'og nmeasurenent dr

obt ai ned fromt he%é'éfﬁ%%i@efﬁﬁ hePresray bl B e ess s 72 Egowwaﬁmrﬂﬁgr %

di gital formobef oragd BIeYorReer t70 8t 8er td IREIIBYI bro@RSM 4@ rB8ogibbof gauge
progr ammabl e CPU/ proce r02%h 72 is coupled to transmtter 68 %Oand Al D
a

converter 70 in odEFssy ndl e all processing and circuit |ogic of
gauge processor 28. A nunber of sensors are coupled to A/ D converter
70 )n order to obtAanumﬁehefmmosmyplamiaMemﬁa701'in drbe 16l ovmih e e

envi ronment. As il X r errbod f FlL 6,
one of the or essure Sewgagur%e %o%ﬂ:\e aﬁ’gﬁ%ﬁ é’nvE%%eg Ellﬁ%@ted mC%he
at nospheri c pr essg@renmary eoberdiinerg oGy 6, ope @ﬁb@maasurzsensmméétsheedm her

is used to Jeasur &, ::}.I'I?e tﬂé !3.1:[‘(]% plfh%gy rgss%fe f)ﬁrlfb%nélg% %)e{ugee gr\éclzcrs%rl] wh1!e th o‘EhSr

Tenper at ure sensor I's cou conv And“Ps Used
obtain tenperaturé& q?@fbt@ume@mﬁths o pressue aftearotwichvircnmsttl emperatino sakdron

sensor 80 is couphed cBQpI@t{ ABVRSHG 70 zatgd s Ese(art:g Sltaih ?en%gxtfgf {mgasgex%%nts

measur enents of the downhol e environment ach senso
its respective neatieewiicsd hestlap @h@ﬁ%gﬁ@ﬂlgﬁ@ﬁ couplail AN veter 70 in

converted by A/D %RI@Nt%roBﬁfn A Qa%fﬂa&rgﬁénﬁgjf%@Bwﬁf%leognggcﬁ-ﬁ]%%{ E7agh éﬁgr
then transmtted back to the surface via transmt ach sensor

is mounted éhto t HRSPES HoERsRPCBTe RSy RMisTe as austozagnalhwiiely mpst bp pongerted

alternative efTbOdi:ﬂRm cor@B¥er@b btble 1Rfng biHEtoTRRRRES7GAR tRE thAGAtRack to
el sewhere within t downhol e system "25It is inportant to note that

whi | e embodi nent s TEFUHarE Vigrieganitter 63y Ephi S@ﬁomv@mﬁ@%ﬁm the PC board of gauge

processor 28, however, in an alternative embodiment, any or al} of the sensors can

} be located elsewhere within the downhole system.

25 [t is important to note that while embodiments of the present invention have been
described in the context of a fully functional isclation circuit and related methods,
those skilled in the art will appreciate that the mechanism of the present 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,

30 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

distribution. Examples of computer readable media include but are not limited to:
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described in the context of a fully functional isolation circuit and
rel ated nethods, those skilled in the art will appreciate that the

nmechani sm (wogd;gg,lﬁagsent i nvention and/ or aspects there?&wﬁéﬁoé}%?ﬁ?' e

-of --bei-ng- di stri-buted- in--the form of -a conput er - readabl e Fum-o
instructions in a variety of forms for execution on a processor,
30processors, or n¢woliikehardaended tyat mediesuph @geattonlynyventieo(RCGiyip) Cs
equal l'y regardl esgoffs. R8> PaRdnsuL Al | dia
used to actual ly car rsy out tﬁ dyét r%s Qge&;jc@%@%tam[ﬁ%gﬂg%ﬁpgﬁter
readabl e nedi a i nEPuSESSEEEIRpMs)ngeoriiable typsdnedi: Suchasﬂomﬂlxkb éulaudldﬁl{

har d- coded type mggj.a GHRRWS JEREARR! YvIBIR RV
and DvVD- ROMs, or erz;sable el'ectrically prog rgm | e reé fl .
memor i 65 ( EEPROVBYNCTMEwei iRgs PAmerggiss fediicess oo o mbGppgh 6f kit ardar d
di sk drives, CD- Pél@%,cow%l%yﬁhnlgvpér@xﬂ{ﬁc sRYDH UG incluli@B gﬁelra\lﬁ

and 5ot her newer types of menories, transm ssion type nedra su

as digital and an’&Ftﬁﬁ“%ﬁﬁ‘ﬂﬁ" BS{IPEsAS Feilﬁtﬁ@o thegiroutigiadepiribed dhaeth nedi a
can include both operating instructions and/or instructions related
to the circuitry @asctisiednadthaebeeWblidve it bikip oxidbfe:@fdr@m it sasuld BeppsBRWN
in only one of it I ar. e skilled in
the art that it 1 sk Tiedn 1B HE R R BRARNEE by e e S
10changes wilt houtchdegsanithay dépading s ﬂsapslpt’rit hntﬁﬂﬁbe&ﬁﬂﬁ@m@ﬁtl&lh @or example,

i nvention. For e [ circuitr circ and/ or
cirouit designs )é%ﬁgé) c’1rc ?rr c?r%t?t mIPS; nl% é%/ﬁgm{ ﬁnécu# desj gﬁ'\ Ut‘%‘ﬁg t(bauge
ci jcw try. As sucﬁl@hlewtbsémstiunldféd ghupechetitgy: tAswhdh, thashmceled attee 4rhvaill t he
operation and de imte hi s
0 sci osur e nor  REPsas 1y Beapaafhind RYERLE Lol Rlerk b s ato
susceptible to 1@5\d&@lp@mn%‘H’awg@ﬁwmmmﬂdls@&q@ahwmgm isonactiiblespi ri t
and scope of; the Jjnventi

have been di scl osead 1l F @Qigtﬂ%\#eg%n\gﬁ%%ﬁ% Sﬁﬁ aﬁ%gg&}eﬁ\gg‘ﬁﬁvgﬁmg g&ﬁe
al t hough speci fi cirdvepgpend sreciispionytbere h@VhéWna;hselos@eHuStrﬁma cgdodimems efnd

descriptive sens L t
CLAI VB A wel | pﬁ'#ﬁﬂlé%ﬁé‘gﬁ'g’?%’[@‘r SBE%%E%?’ @JJ tEQ.Y;‘?e ‘Jsg‘p‘“age“e“c

and descriptive sénse only and not for the purpose of llm;tatmn
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a notor; a housing nmounted to the notor; a gauge circuit

| ocated in the housing, the gauge circuit being positioned to nonitor
at | east one physical paraneter of an environnent of the notor; and
an isolation circuit located within the housing and being coupled to
the notor and the gauge circuit, the isolation circuit conprising
sem conductor elenents including circuitry being positioned to detect
a high voltage event and to protect the gauge circuit fromthe high
vol t age eég1 2. A punmp assenbly of claim1l, wherein the isolation
circuit c a plurality of isolated gate bi-polar transistors.
3. A punp assenbly of claim1, wherein the gauge circuit includes a
regul ator being positioned to regulate power supplied fromthe

i sol ation ki r cuh tvellphmprastpmnbiy.dhe paTmessenbly 6emadsiagof the fol | owi ng:
a switching regul at &Motgtconst ant current regul ator; and a shunt
regul ator. 4. A purhossisgmisiuptegdfio tieaiiaiorl, wherein the housing

conpri ses: a @igage eircuitdpdatenl id the lmusingalie papga cesdt baimg positentdr
di anet er of t hao menithiodtdeast arteghybied! pamaleter bbamenviimonmentsufitfieaastonfant he
housi ng, the mani f olad igllatioa cirauit leated odthin the h@lising and beig cugjled to the
surface, wher einotbihand thepaige @ircit, tiglisélatich diRuUNtedpliand fenitgHdacttor
surface, a | owelensdnts iacladingleeteirp bERE peatigRdcH dabdtta High Alltads BRAL 4 to

the | ower surfaggectaigauge circidf frof ¥t hiSNGolBGEBRNE Cat i on port
ext endi ng between the upper and | ower surfaces. 5. A punp assenbly

of claim1, wherein the gauge circuit includes a PC board

2. A pump assembly of claim 1, wherein the isolation circuit comprises a plurality of
isolated gate bi-polar transistors.

3. A pump assembly of claim [, wherein the gauge circuit includes a regulator being
positioned to regulate power supplied from the isolation circuit, the regulator being one
or more of the following: a switching regulator; a constant current regulator; and a shunt
regulator.

4, A pump assembly of claim 1, wherein the housing comprises:

a circular manifold plate having a seal on an outer diameter of the
manifold plate that seals to an inner surface of the housing, the manifold plate
further comprising:

an upper surface, wherein the isolation circuit is mounted to the upper
surface,

a lower surface, wherein the gauge circuit is attached to the lower surface,
and

at least one communication port extending between the upper and lower
surfaces.

5. A pump assembly of claim 1, wherein the gauge circuit includes a PC board
mounted perpendicular to an axis of the housing and an accelerometer mounted in a plane
perpendicular to the axis of the housing.
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nmount ed perpendicular to an axis of the housing and an accel eroneter
nounted in a plane perpendicular to the axis of the housing. 6. A
punp assenbly of claim1, wherein the gauge circuit includes a gauge
nounted inside the notor. 7. A punp assenbly of claiml, wherein the
isolation circuit is potted, thermally and electrically isolated, and
| ocated within nmotor oil of the nmotor. 8. A punp assenbly of claim
1, wherein the isolation circuit is nounted wthin a gauge chanber of
t he housing with high voltage feedthroughs. 9. A well punp assenbly,
conprising: a notor; a housing nounted to the notor, the housing

conprising' a head hayi hoIIo interior and a shoul der, the
head bei n U&WH%ST%@Y%P@%z ‘E%}P § §RUSH BiF NG 1pF udssia 2apgomp e
motor fil I'8SHHECMAA | or of the head, a base having an outside
dianeter to fit snugly inside the head and being attached to the
head, and a manifold plate | ocated between an upper end of the

base and the shdwimbeassesnbly € clavad, wiereih ghe isdletiandisubbfs pdied rtherifatly dnd
plate is pecpeaty salatad, aad tohatedwitbinohothoeis oftle nobe. mani fol d pl at e
having a | ower surface and an upper surface; a gauge circuit nounted
to the lower surface of the manifold plate; and an isolation
circuit at&achaAduinp dshenblppecliabnl folgeeiniheibdatiardifcal ¢ mb@it@l whhihhat

the i sol atdaoge ehambeii 4 the holitt wich hiah velleage Heedittb@ihisor of the head.
10. A punmp assenbly of claim9, wherein the head has a first flange

bei ng positioned to attach to the nmotor through a first bolt and
thread assgnbl ¥,y fﬁﬂﬂmﬂhﬁﬁﬁhﬂy#%%yﬁﬁﬁ% is attached to the head through
a

a second bolt and t gfasse ted on a second fl ange that

extends around an Ochﬁh Hloﬁﬁ'i%& ?othgf'nottd} hgﬁgl?sm com ris 1ﬁ§§rrp assenbl y
€l

of claim o, furthera% round, an

e ¢ 2 figadh a“grﬁl‘ 10{ "4 ooy
CEERRRTE N g ol el y e

a bas avmg an out51 e 1ameter to it snugly inside the head and bemg
attached to the head, and

a manifold plate located between an upper end of the base and the
shoulder of the head so that the axis of the manifold plate is perpendicular to the
axis of housing, the manifold plate having a lower surface and an upper surface;

a gauge circuit mounted to the lower surface of the manifold plate; and

an isolation circuit attached to the upper surface of the manifold plate so
that the isolation circuit is mounted inside the interior of the head.

10. A pump assembly of claim 9, wherein the head has a first flange being positioned
to attach to the motor through a first bolt and thread assembly, and wherein the base is
attached to the head through a second bolt and thread assembly located on a second
flange that extends around an outside diameter of the base.

I1. A pump assembly of claim 9, further comprising:
a seal ring extended around an outside diameter of the manifold plate in
order to form a seal between an inside surface of the head and the manifold plate.
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12. A punp assenbly of claim9, wherein the isolation circuit is
potted, and thermally and electrically isolated. 13. A punp assenbly
of claim9, wherein the isolation circuit conprises a plurality of

i sol ated gate bi-polar transistors. 14. A nethod of protecting a
downhol e gauge circuit of a well punp assenbly from excessive

vol tage, the nethod conpri sing: nonitoring a physical paraneter
of an environnent of a notor assenbly of a well punp assenbly via a
gauge circuit; detecting an excessive voltage on a neutral node

of a three-phase power w nding associated with the notor assenbly of
the well punp assenbly via active sem conductor circuitry; and
limting ectrjcal conducti .via active seni.conductor circujtry to
t he gaugeeﬂ&' r Lf%‘ purgp 4y @gﬁ‘k‘?f&?%’ﬂr?pwgﬁgﬁg? {FOLRHEM CIEUIES BPYe. @’?A theigally s
det ect ed §8dfﬁﬁ?w? 15§&f8e circuit is protected fromthe excessive
voltage. 15. A nethod of claim 14, wherein the step of limting
el ectrical conduction via active sem conductor circuitry to the gauge
circuit inkel vesPuneasambbtafisipimi9e whergiarthe isolation eireydtagepeisescaplurabiy of
forci ng ansdgehgae bcpeler trangilor\ net hod of claim 14, wherein the step
of limting electrical conduction via active sem conductor circuitry
to the gauge circuit involves a regul ator being positioned to
regul ate pdwer Asmpthbi efiptotectihg a Jawgienle gaugriicircuit dfen welpplrap a¥selBlyf@none
or nore ofextdssivé ebltape) thg meshodwoingkiking: regul ator; a constant current
regul ator; and a shuhitbegeh phyical pakdmetér dTRLRAGIrGmL 8F Andtbr aWBABEI N
t he act ive sen‘ioc@méqunﬁfp a2tdnfily Viaa iap et&’]ﬁ;uﬁlt ep of detecti ng an
excessive voltage cgepétinzam ekedbivh bldo¥ offa rfe%)él%wgoﬁ?‘ﬁh?eet}ihhﬂﬁer
transi stors.  winding associated with the motor assembly of the well pump assembly via active

semiconductor circuitry; and

limiting electrical conduction via active semiconductor circuitry to the
gauge circuit of the well pump assembly when excessive voltage is detected so
that the gauge circuit is protected from the excessive voltage.

15. A method of claim 14, wherein the step of limiting electrical conduction via
active semiconductor circuitry to the gauge circuit involves disconnecting the power from
the gauge circuit by forcing an open circuit.

16. A method of claim 14, wherein the step of limiting electrical conduction via
active semiconductor circuitry to the gauge circuit involves a regulator being positioned
to regulate power supplied to the gauge circuit, the regulator being one or more of the
following: a switching regulator; a constant current regulator; and a shunt regulator.

17. A method of claim 14, wherein the active semiconductor circuitry in the step of
detecting an excessive voltage comprises a plurality of isolated gate bi-polar transistors.
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