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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 can provide an indication of whether or not the motor is overheating, which

may possibly lead to motor failure.
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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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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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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
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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 node 18 via
30 conductor 23a. Isolation circuit 26 is also electrically coupled to a grounded gauge

processor 28 (FIG. 6) via conductor 23b in order to transfer data regarding the
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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
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susceptvientian aredipestdddo ﬁleohm@esuqmdwmmrdepnm profgetingaiownhole

24 he s QleEt’r(gmé%n q"h%r%?o?ce, tl‘Pe]c in%?l?org Q&ﬁ%ﬂgﬂ #Rfd-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
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In the exenplary circuit schematic of FIG 3A, power

is applied to isolation circuitry 26 fromthe neutral
wO2@ai1ed7248 vi a conductor 23a. |f, during an PCT/US2008/054418

el ectrical event, the Y point voltage becones excessive

(general |y due to a ground on one of the | eads feeding

t he mSYSY-)the Vé’@lnét"i”@ﬁe BPRIGT Piogssie (ganprally psrto argrng gy one of

pr ot egld 184S %Hgl% thd h6Hh ! EMatt cirb St 26 'vx@l'ﬂ ofdn! ﬂ:lE‘I'eEf Mro?e@tmg
includes a diodé DI coupled in series al on%lcon uct or

23a atga‘!g?éerWHMtzg olfsolagey) eitcuiry 28iipdudes p diode D1pperied ipjseries
i's ut 'aio'n%@«%d@léto@ﬂl a??‘g. 11%1]1? ﬁﬁﬂ%ﬁ]’@ﬂuﬁ?&ﬁeD e Dl 1 ut1 lized as a

connected at the sur
Syst eflock when & megejen me(eors cpurgcﬁefh sithasurfaee, @ﬁwecdll@éldyvs thq a

rever 3§ gﬁo&f%’s{emotbg élg%)ﬁg (?Pltg ﬁzlglfl%t?o?%lel&;kgc?)&%gggije&g(airection

vol t age
di r ecta ﬁh)Ol\éD(p(rzrsmbb ethendetsinel \e)\l»tegﬁj Aso] eamégnhrrmieadmg' inrthye
26 i Sforpverddll sol ation. | [ urther

u
gate s&CEion 30 "seP OSSIr%’ge As™ teﬁgytﬁsé)?aﬁlo a1 %(215 BB?Hn heisdlation
for t hﬁcmﬂry’ 2afurthamidcladds migptesedion 60 se3inghs b nfad ig€lation point for

ate gectiaon h volta plied to th
Q7 Gl S EBSHAERFE sl BeridtiaCleR ieen Shen e votage
exenphpglied erihe diremindxcedds Fkfacifidédhredbld. section 30

i ncl udes three insul ated gate bi-pol ar transi stors

{nsur 0 DR SEPETITAEG BLEE SRR L RE s aed

erbodigare bi-polax trankistofy (BEIBTL") QIDV@I]TathQS wihit e@@&cﬁlp&a Gﬁ $c@iBs to
ise a different nunber of | GBT devices,

can coQ
under értsnE‘i?dheoYf’hlaﬁ%’§ g Igillﬂe'&fe”i1 ek dn giher emegimenis Oftﬂl‘?‘epresent
13 sol ativertidal the Yhie sERBR CArS@mpRis®4 iffRteht Yunter bSRIEAL & ices, as
gate bi-polar transistors, according to embodi ments of

the pfd@%eé%ﬁ@oq bythoreiskified mithe artgfhagisyihe iselagomprques comerises a
si npl %lugeﬁft}eoﬂgdlytgd gﬁ@ﬁﬁ%a‘%&ﬂaﬁ;@t&% aeéoralpg tdMdbdaim t{&the

t he hi g current and | ow saturation vo age capability
of bi pesent inverfingi dhe IGBbyedensispmbing thersimple ket ddveyemcteristics

f Or t Iafethg gﬁﬁﬁl@’l‘ \lzvﬁﬁ)Hlte hllg%rkgrr@ntt&hﬁ) RJ“%{L{?&}’S% Ol:tgn%rb%bgoﬁl% of

a SWt a sin
203 nbod bipelat {ramsistdrs bm"mtdmug arels(ﬂ@led g@R foramoco@B! inputy atladipolar

at 12 .volt a |s 3000 VAC. Resistors
ggwé’}'%% %ﬁggraarsea Sé%tﬁf;‘}]“éas‘“tggt “base of each I GBT

Q @, and B for the purpose of bi asi ng and power
di ssi prathisgramile nmrboatimdtesaCDAGBDﬁgviam@IDQZam Q) sptaged at 1200

o P24 ghlyd Dk RS SERLAR 140 R
Q2, atie bg® dfreach [GBARQ sQDr ged;Qbéornl@ mepise dObindind ndf oot
241, L en 238 s BRSNS S B BT e v
Ci r cuidirec®i6n, with IGBT Q1, 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.



and gauge processor 28) in order to prevent power

surges from bei ng sent back into isolation circuitry
wQeooBnaetegauge circuitry 28. Mre or differentPCT12B32008/054418

devices and isolation circuitry can be utilized as

protectlon froma higher voltage, as understood

t hose FaREhgrrefgrming tq e exgnpplary empedimerdrad F G-\, frép aeﬁtéon 32 includes

exenplzadey dRAD dicBBId Rfserdids RithIodeD 1 iR G EHdrRMHird&ion (cathode
i ncl udes zener diode D3 coupled in series wth diode

DI i nterména efzeperadiefled s P@Wlf(dé‘aﬁﬁh@é tergingl pldiodstD Hdmerder to
di ode ([}3hd @a%%eeﬁi)r [sB1afi & HQQRTytZ%r 'f@eﬁ?tl)rﬂﬁ A 2B Prasistors R6

in order to set he |as vol tag for 1solation
Ti r cuiang {9 2@, copeled i gltsemsﬂ VRih zgnet dRgled¥oand és paralnl svitRErangigior

RO
par glr %Sﬁ% wcggre%%ﬁéfeg or assp%‘gﬁ?}%%ghgﬁr sp e?ﬁl vefgtolrg?smm)lyQ4

power itk Bailipgton Unnmp‘@kmels confbimexrad bipolar a&semmt n t@lemswlthm
a Dar l I E chél\llrc]:e )i atsthg c11r{e\|;l‘:1"t~I ampnlfceg gg he%‘ést is anéalff%g ﬁﬁ{l{er by the

transi's
the c u@memtramrl)fTltecbabfyofttxtaesmmrestemlﬂy Qi dobipledlin series behind

th t t Th )
RN TS A N
resi stirmsdf IaBd's Rﬁ, QI ead €3, hl&l’,‘dcgfas &}%fpri:irr[hg} "tap" p01r|1t é(ér the
tranS| tqQor a S_CQu e o the aS TS
Qﬁlsr"‘g% %@Otggr%ne%toge Dd ?% WFS’P the pplfpetopisimpinal of

f or t R@ngidtbradbenityy QAR HiBiindze Bﬁfer Q)l 0l RatPéurteht AGW E)At@ﬂw
between the collector ternm nal of transistor asse

Q@ andofseriframing! efteasistenassapfly Qfte Ad i@l emb@@\meﬁttl@% ground

13 he cald £6408f ARG MIARID70Ls iHERARY S PlouRSBS BRAYQAim#fd or
alternate enbodinent is to ground tﬁe anode ofg zener

di ode ragplatagstojcpndystor 38teds prverstapd be tBe skHeskinthegprta
l[imter, or regulator, to conductor 23b, as understood

by t h@[?ﬁorﬁllﬁl dpeBtioh, Qeﬁ&%lcﬁiﬁ D3 kiBesHof EE?Jdu&Q% e Q¢or chain R3,
zener di odes D3 does not conduct and the resistor

chai nRetgand®p wibigrims digider whishitiras eft the gete segtipe bhainhsQ2, and
on t h%z391é¥n t!a J‘reGJi@%ho% th %ac@@% cg%d ¥dr9a. tlgglée event the

vol tage re e| ve rom the surface via conduct or
20 n t haokagentcreases to Hletpaige Where zees divde B3 thhginpwi condush drescurrent

zener [ n he. curren WS, .
coner oS kol B8R A, RAEOHEhs P PLERED ! ¥R
asseminge @nsistorasembbt@4 is @:matetlr gatessestior chams@iyia)2y a3 is

is actjvated ction

openedPersH 1‘%6 & gtherglﬁ'e‘%r %Y)ef)ﬁ et’%‘/ eﬁé&é\ Hy%%%%@% via
t 0 gaugelucior 23H.t ry 28 via conductor 23b. In another
exenpl ary enbodi nent, isolation ci rcui try 26 could

251 7 cult T R4k PR cbo ich Slani o el mtuae
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,

9



coupl ed across the emtter and collector term nals of

transistor assenbly 4 in order to protect transistor
was®smd7go 4 from vol tage surges entering the BCT/UBI008/054418

via conductor 23a. Also, capacitors could be coupled

at various |ocations in the circuit in order to filter |

noi se PEAtesEY thelciFpitphEom ptiedataniy the e ptbravides theymal conduction

syste@ht&pmggggQﬁgcgﬁﬁgphgry enbodi ment, isolation

circuitry 26 be potted with a high therwa

conduction e The epoxy isolates the circuitry

from &1 ¥EERethy |emabpélmeﬂ@ hﬁr‘%?ﬂaé‘@’ﬂ §irquifEy %ainﬁmhlvc{era;ﬁnraﬂemﬁuctor

part i giitoaRt B8de M fohBrifir kiimfad sﬂlﬁ(é)svdnqg@Ptnli’&M‘fﬁJlse As understood by
conduction for the resistors and ngonents yet

anot h&osesildadi ipghetart, thiseingugtsir anay e kwer Wltagaﬁue to the voltage
I diode D to furth
i nc uge) ﬁ%?bES&Hgg&%%% HﬁLR e di ode o further

el i i nate es an not or noi se. As understood by
t hose skllled in the art, this inductor may be nuch

| ower ReBringge Fifieh e cxamplany pmbefimentopheisingg4 of te present
sem ¢ %@Hﬁf&n n%ll ktrreﬁ&i tlji(}ﬁs%lgutl %{cwdgga ﬁéﬁd EIR Cé)asedfd’,z %Hd a manifold

exenplary e I ment sing 24 of e present
i nvenvplagat4i which fiigstithat thel asspobigisn @h@mad asemtlystOzn basg assembly

0 b i f t 4 t
1 (?h e ag Z :[O 4%}?% gﬂﬂfﬂae fa é{a%a%lg 2$ f}ﬁ/)u%@g dﬁghsm 231 Jan I‘I‘E]]aln shaped
42, t hg\engmh()lm ilntenlan34 dflchd g axt agtached td mb’m‘ hoesblyd 024 way of

Ho bul d i nt
e et Boh i n ol PR e PRV L BrniR ! T e ape e
t hr eadutaidd dlaaleter aﬁl&eﬂbg y{-lﬁe&i th G:thachéii th (bé::a:t4edh1©ng}f ein@ﬂ@ﬁbolt
n e Qut Si

4 1 tha ends er o

d0. reiege e Bt g adbate S o Sian: o cvside
1pol t  dnehetdn bEGede a5 SBABI4Y c4bbd A68E BELtRE eguibhmeMA@n 8&attached to

t hat extends around the outside dianeter of base 42.

Base #2lonenendh (cqndudter G cxerdsihrangh holertinteter efrom motor

at t achdmbQ 10tiS ofdeV @I fe Ndwel BN R Elr&%@éﬁﬁ%@&’g% rocessor 28.
t hrough hollow interior 34 from notor assenbly &

order to feed power to isolation circuit 26 and 9 .
pr oceSagr+23s of pajagetgpwhigh ghlows igfoffharugly pide heaéﬂooéié ending

to fibroRAdk YndidHHolsw hﬁ&%r%@hea@% @é"éjéhBGId@ir @Ur]@s ﬂa@@42 is moved
i nside hollowinterior of head 40 is a shoul . As

2hase o placeipsidethe diamear ﬁﬁleeaid #8i rg@lf{o}@l@{p éi‘rﬁstsrbetﬂeen upper end
head 48 5@@ ni %cﬁsh@hlﬁ&ﬁfb‘f hE&S40S eswe% a';&EFZﬁ‘ aﬁ{fﬂg%ﬁte 44 is

of base 4 shoul der 43 of hea such, _
axi s e¢rpimrnuﬂa§rt<dthp lasis of hapsing Zﬁefwrﬂﬂmmatlmembpdtmt apangfold
of ho . Al i ni,f ol

o1 at Py S ouhd AiaBt SRl o RARI TR o e so
(not  sktendsgrouad the-quisity diinatortod nasifad plaredi4t iherdeutosfoche a seal

2§j ! aneggtwegl}c thg?nsmfe sur(%ac% oﬂleadz% ang mamgcﬁd p a% ﬁI orma seal

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



bet ween the inside surface of head 40 and manifold

plate 44. Referring to FIGS. 4 and 5, an exenplary
wertwsdiitent of manifold plate 44 of the presenPCT/US2008/054418

invention will now be described. Manifold plate 44

forms the nmountjing for isolation circuit 26 and gauge

pr oceggedrw@%?lp?ém%aﬁsw Y 1N e 9T surishiard eniBi e 44.

Ci r cuiAlsd)eailidstfedt RElatidREcu® U6 brRCRuSZprodesiRNB hRIHbunted parallel

pl ate 44, while gauge processor 28 Is_contained on a

ci r cuiq casbarEr yi ReFEndigato sekitos hoysingf24 mithpthey) egnbodiments of

pl at € iddredBt itHGNon, ARCSOILNE MBI Uhd2AueSHrER SO BS Ry be

isolation circuit 26 wll be nounted 1 nsidethe notor

Di | oMmoyptedin efbyenisntptiony vatin thehensingr Adfirstfcadieg Hpproyides a

mani f !} ' b, N [

cir cu?%aqaZG Oglﬁgtecét ulgfgge%| %?coecs:%gg%?h@%hg?gg%éﬁh? gig@é)ég

t o eacing 68 famsaneh! petmvoenidie insldasurfage phiecad 4D sndthe otssle agface

24. | [ SO resent. ivenption, th .

a0l aft B Bate 2UHAC R Corihe bl RACSEChnd JEORL e oroi

nount @ckssune, ethiekris subisentzlyiequed tonht hydrodtdte pacsaige gthe Aell. The

{or oce oo PR AR R SaBReEC b Relhr SaRRo @R dfoge sinea

or i ng ilbBe hoyniBogenSead inbe uwan bt hedionshedewsiideas groddct the
head 40 and the outside surface_of the base 42. The
press ﬁg"étr%cst R’éa‘gigtﬂf?r isglagin Qeu -zgfsrf@“%PWtheCB%n g?mt he
ot or paiiculple®mSHE 6. Which is substantially equal to
the hydrostatic pressure in the well. The pressure on

the |l gwer side is at atpospheri, evel s.. As under st oad
by t hAgReSRIEIIBCiener RMGAE MG GG 40 Oa PR o to
1£an beowts 0628 51 ReorieMB kSl Bt BroREREEtactdd€to the oil pressure for
el ectronics. In addition, isolation circuit 26 is
pot t efABFCHFE BE(FHRS FFEHTDENR PEETUER €8I A7 Videvies 90, Paessure
Pr eSSYpR 50 edtaiRSthRXELREISh hIvPHaRuRBIGLPs Aioleat Rwld into port 56.
from upper surface 52 to | ower surface 54 in order to _
al | owPEANERPYFE R ESBWNEIE afeeldBy shayvn)ieorgrl toprayvsatleakage of oil
for measWhRTE 8Lt B E3dns B9 alfe%‘i?s%'lé/c%%ggﬁr%g]tﬂ{l&ﬁﬁw;ﬁate 44
sensor 57 via wre 60. essure port cont al ns
2¢ hr eadstepding o luppsw spifass S8 telovensoiacesY inordee tosallogvaier, as
into e 5 nt ai seal .. . .
(ot Shbner G B yPERL (28 AEBRE SRENE 2R FGtion irui
debri 86 aBk@hkedn foegadgdprocsydis 2868 are al so | ocat ed
through mani fold plate 44 extending from upper surface
52 tol . ' t o
ol | Ao P RES (B8, | RlBloHRler] G lsh BURRANEL tp i guic bour
conduof gaug@ Bacesson 28¢h atdento deteccuibhti@B. Andistinsed pavidwsly,

8. ' ' 62 . 0., . .
SR I NOVITEIE T R e ——

boar dcircuit 26, is perpendicular to the axis of housing 24. As such, vibration sensor 62

o -
rhsepand o

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 MOSFETSs) rapidly on and

11



of gauge processor 28 in order to detect vibrations.

As discussed previously, manifold plate 44, as well as
w0 b@saniy’eui t boards of gauge processor 28 and PEDUS1008054418

circuit 26, is perpendicular to the axis of housing

uch, vibr tlon sensor 62 can detect vijbration

Cn” NG El bRt ARl TR SIS BT W GRg g0 e

Ref er rcirogt tb@ sElefted Rvela A EMRRTA, QE%sﬁHm%ﬂfﬁﬁtshlﬁlft régti@tor can be

circuitr uge processor 28 will now be desc

i bed.
Condudt mSZ%SI Og i svdisling prerlaige 06, 3t Bnqef-p&ﬁd lag%hosgskllled in the art.

SW t ChN fghsm@e b8 ssoRBupISd HALHsRSlinblk 63@hi §Sust@id t%%lt
23b, which is used as an internal control circuit that

Iwi t cHESSPHINRIS Qhtapesh byt egres Rreqseser a8 oYRDEREYEym cuiseny |l<y>p
on angQfibiel B @ndflicet 63 ﬁtaﬂlahalwgzt% d?gﬂt‘QI croﬁdéffé? 78 g%/ﬁl&)ﬁ)\’éﬁer")
vol tage or current supplied to the circu
sel ectch ipysed to ;nert Higtaadlgg mgasgsmenidata @h@ﬁrmeeirftor@ﬁwe sensors
shunt t fs
r egul a7tﬁ 2? ld%%iu%@ g&)@QS Q?Zgﬁgoglga aﬂ)% tﬁ Q%HQI &}nP ﬁefgr‘éﬂtﬁe ggansmltted
art. Ayteemshénale mgnammbb@%mpteesbr i78 is®upled tdt toansmitter 68
) nput ' T Ly preasur emen
1y g AR S Bt Adn AL RARIE by EBERRETRIR P BR 158hee
Coupl @tbctot2&nsm tter 68 |s an analog to digita
converter 70 ("AfD converter"), which is used to
convergt a obfai ne
censor s 8808, RIS AL A B h ARy iRy 08
di gi t akcebarynmbeshenents€the anwnhdicamrrbmmed Ry 1llustrated in the

coup! G 1Y PRGN EORH AR Gl S BRI ERrrrd foit ved o

19r der nicasunathe lagn@bherppeass Btﬁ@uﬁ&lﬁlg gauge Yidcedsoise whfle the other
gauge6ﬁvg$essor 28. %lnunber sensors are coupled to

ANDc {oapeasyE e 4} FIEFUE 6T QIS eSSk s LelpRprature Sensor

Meas ur7g iedduple®@to AMEcHOWRAOb 8ndER \ikddaAh BBBLN. tefiSerature measurements
|IIustrated in_the exenplary enbodinment of FIG 6, one

of t hef Prewienadl- d@pbiop §1brationgenser §0sie goupkedrie ALY cenverigr 70 in

at mos BRRF {oG bR kSN %aguwtsrb@t&%%haé @&mﬁ%n@ $ach sensor
while the other is used to nmeasure the oil pressure of

2Q he mbRBYNIAGirespertea MeaspERatsHs gp enaskmgml Péhighgnust be converted
coupl %9 AV OhRHECTVIRESE Beng se%ﬁg) ﬂréceys%?% %191 tﬁga}{s ft?z}nsmittaed back to

tenperature nmeasurenents o e notor
vi br athesnrisendoiraBiities 68.obigheehsbois AioDntcd nu@rthePC Board nf gauge

g;ve£ 1;10%%3%% ﬁEg é\}éfé %é%nfgl e?rglﬁielrjnérﬁ%nr{lg’nt Oang b gl% qun DOOLES can

neasubeienitd elaswlizne wildih dg: dwghalk systdm.ch nust be
converted by A/D converter 70 before being sent to

2P 0CEESOf, %tamg gt!get‘l%é ‘ith’}Q %ﬁb&fn%?m? gfcthe {)r%(s]anp 1ntven {OH a\gcli)een

via trans sensor
boar d defcribaligéhe context of a fully functional 1solat10n 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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processor 28, however, in an alternative enbodi nent,

any or all of the sensors can be | ocated el sewhere
wowrakitms7ehe downhol e system [t is inportant tBCTOBE08/054418

that while enbodi nents of the present invention have

been descrl? g in the context of a fully functiona
i sol atiPBYPIdile Befidrcodgfypeamedia gichat Wé@jgnlymwéle%%w@d@-

in theons, W b'VIﬁRD[\/%CbﬁJr%aISIB%ﬂecﬁrf&@lly‘%?@ﬂlhﬁme%adtdﬁﬁf
pr esent i nventi on and/ or aspects thereof are capab

of beisgrogies tFEPREN. reﬁprtiafbée By HEGR S%h@éﬂ@mﬁy@sks hard disk

r eadalyligesme LRV, DVISRANE DOPSRIFWE DABD-LIERW O asfh% ¥Bs, and
for execuflon on a processor processors or f k

aind  t Iedher néveer prnes efmemoricerand dnspidnaspesyedid wh as dlgltal and

regar C e

e 838 P R AR KPR, B o AR KO i

Ex anplirssrugfons anrdertisstrupiéand adddted toelk crcuityl dgsheibbditboae.e

not limted to:nonvolatile, hard-coded type nedia such

as fr ea@f”hi%r{h%é il{@%n éMn in of ﬂyﬁ)rﬁ%/[i)f ’be Qéparent
bl e I e

erasa , € ectrlca progranma | e read on
( EEPRGMbpse skdled rimitb Iaﬁ tltaypes e ek Bmedctut &§u$depqd:pigft0dfask®

(gar dR?@E gd\%,r{t %ﬁdea)r b R/ﬁR}QgtH%jP Pl arl %I\@d e 0}/% %v%dr* For example,

Menor ivesqusaitcitry s ssnonertty yaed/mecdncmt dem:gns asn loh gilized to

and an 0 ni cation links. Fqr e ch )
e o R TR e Bed iy R RGBSRy ipg e win
i nst r apprecians thaethabpetaticn dnb Geﬁgrf &fuhd frysefeif centibe & rdbvRed to
While this . invention ha only one of its

f or s 5 FISUARYEA 1P NS SR ‘i-ﬁ‘éFﬂ““tY %H%?g%ﬂgrﬁlm ‘P‘E&F%“?FW%C to

18rt t Radious thrnged@ithcu@ dépafink GbnDME spifit SdSESHR UK Be@nieftion. In the
varlous changes wi t hout departlng fromthe spirit and
scope dervingsand sresHicating, thegsrhaysbgep disclogedyilgsative embodiments of
circu 'tﬂerlbfvenﬁbﬂ i Blt}ﬁggﬂ’ﬁ{éﬁrﬁt: %erm@gl‘é/ eRipldykd, %’éytargl%%l:l fo‘a?‘generlc
can be utilized fo achieve function of the gauge

Ci r cuirh¢ gescriive gerse ol @B‘én@@ﬂ thepurpeseoh imgationw | |

appreci ate that the operation and design of the

present invention is not limted to this disclosure

nor the specific circuitry discussed herein, but is
suscepti bl e to various changes w thout departing from

the spirit and scope of the invention. In the draw ngs
and specification, there have been di scl osed

illustrative enbodi ments of the invention and,

al t hough specific terns are enployed, they are used in

a generic and descriptive sense only and not for the
purpose of limtation. CLAIMS W claim 1. A well punp
assenbly, the punp assenbly conpri sing:
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a notor; a housing nmounted to the notor; a gauge

circuit located in the housing, the gauge circuit
whedmgopesi ti oned to nonitor at | east one physPCHIUS2008/054418

paranmeter of an environnment of the notor; and an

isolation circuit |located w tgia‘g@ége housi ng and bei ng

coupled to the notor and the circuit, the

isolation circuit conprising sen conductor elenents

i ncWMgdiaig: ci rcuitry being positioned to detect a high

vol tage event and to protect the gauge circuit from

t he high volt ass of .claiml1,

wher ei nh]l he @%?llﬁl oﬁgsse%blﬁ%g%uq]?npparssesngbgb cgnf)‘fnsm&l ity of

i sol ated gate bi-polar transistors. 3. A punp assenbly

of &maiom 1, wherein the gauge circuit includes a

regul at or being positioned to regul ate power supplied

§romd e |H§Q1|néglt(pmegiolg&wt the regul ator being one or

nor e of tg 'owm ng: a switching regulator; a

const ant current requl ator; and a shunt regul ator. 4.

A qug%lggglg%sdp%ategfm eéllohqlqg tREEBPES] qchlhbelhg)p@ptwged to monitor at

CONpri Sesiic At Gie pwéléaﬁ ma@p&% rahmo%niaﬁtvcsf@}% Iﬂot%fe%hd on

an outer dianeter of the manifold plate that sedls to

an inner surface of the housing, the manifold plate

f urdtigtlaticarinenis josgted within shrdiousing prgchsingqupled o t&h@otor and the

i sol ation fgﬁhéecéﬂﬂcﬁlt't% ROHRG kiR ciiRisHIBREN O M RE @l'em@nts

| ower surfac wherein the gauge circuit is attached

1@0 the | ovesluding fiecoiry being pasitipredde desens a bighvoligsavensiand to

port exte surf aces.

5 A punprbg(gg(gn%e%w%eeam Qﬁo}mﬂ@@\,ﬁfgpgtaﬁ%\ﬁe@t gauge

circuit includes a PC board nounted perpendi cular to

an axi s 2f t Aeumgasicnylysai¢ladm lavkwtia thenealationeirgwit exnpirises a

E%l Fb?'i ﬁ%lg%wtﬁ oFaPtr&r%ﬁsto%(' s of the housing.6. A

pu erein the gauge circuit

i ncl udes a gauge m)unt ed inside the notor. 7. A punp

assenbl y3-of A B assenpie peelam heavhersi the gange eireudiiingludes a

lif)ggttg?ﬂ Jo g@%%‘%slr‘%{%d;%o@%u%% 55\%@%%%1&@&5@&1%501% circuit, the

as st@addatyr fingdrgiomnibre offtbe Wilnwingea $vgtﬂhaﬂglrcgulatq>rs e umrtstamscurrent

chanber of the housing with
h| gh @%P%Mgwa %I%%‘?%ﬁéhs 9. A well punp assenbly,

conpri si ng:
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
20 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.
25 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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a notor; a housing nounted to the notor, the housing

conprising: a head having a hollow interior and a
w@bh@aliaize9 t he head bei ng nounted to the not orPEDUBIVAS/054418

in operation, oil fromthe notor fills the interior of

t he head, a base havi ngl an outside diameter to fit

snugly ithsi ded PHBP pserbly QEclpig) hghateinibn aaree ireuiingludeq a gauge

andp@uiBdinkat thephdbe | ocat ed bet ween an upper end of
the base and the shoul der of the head so that the axis

of the manifold plate is perpendicular to the axis of

housi ng,7 t he ATB‘IEHIIS st Pl BF QaiAY WhSreth ﬂhQ fat1§ﬁ151 c%ﬁ?s ﬁdgtgd

an upper surface; a gauge circudit nounte

Sur thgeeallyfand hlectrraaﬂmﬂlaject; R lecatedhditiin momwdtqf thtr m0t0r
circuit attached to the upper surface of the manifold
plate so that the isolation circuit is nounted inside
the i nt e¥i or PofJumM@Sh‘ebiM of dl@im A\\th@rcpl the sselhby ciafuitéd mbmnted

pos ?é%&g %e C%a%]‘ Ia}%%o%fl i l%hlrg 1%ee eﬁa‘dﬁ’g(fugr %t bol t

and t hread asserrbly, and wherein the base is attached

1(It)o t he h9ead throliﬁh se(:@nd bol.t. and t hread assenbly
ocated on a ‘S¥EORE™P PERGRYIIAPEREends around an
out sinderdi aneter of the base 11. A punp assenbly of

cl ai , further ri seal ring extended
ar ot WS%W%%%&% g%‘fs"’tgﬁémﬁﬂﬂWol d plate in
or dgheddafiff BhallSE RterldehVLMoMAer e heR] b%'ﬁfgfrﬁ‘&%téafto tHe&notor so
head and the manifold plate. 12. Ag@ tasse nbly of
e

cl ai m 9,hathiBrogpittiemeilifiog) the meter &ils niag o hethesl, and

15 hey pal Ihywﬁ'é‘éin &ligad (!lblﬁau 9 fit ﬁ%xlﬁgde the hedd d3H BPing attached to the
assenmbly of”claim9, wherein the isolation circurt

conpri sdigag apfﬂiur ality of isolated gate bi-polar
tr ayﬁl'al‘cl’&&a tate]1 até%i HER’H%H Qn E%pepgﬂg(ﬁq éy &ﬁﬂéf‘@ﬂ%ﬁid@r of the head

gauge ci rc T of assenb Tom excessi ve
vol t age,sotthes thvmxts@d thronqmﬁowl plage isperpebdicilargo aiepalxyssqf balsing, the
par amet ef vi.ron or _assenbly of a
wel | urrpangtfoman%tf?ﬂaw?%a Oweéﬂuréc%?n:gga& ulpper%‘?aecgtl ng an
2@Xx cegaigy eirauid hageedao the lm\ee:rtsnﬂdce b e mafmfaldt;ﬂertean@ hase

oS AR TECEIAY Th e BRI e P

ci r cui t riyglatinctircuit is mounted inside the interior of the head.

10. A pump assembly of claim 9, wherein the head has a first flange being
25  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:

30  aseal 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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limting electrical conduction via active

sem conductor circuitry to the gauge circuit of the
wowlos/1mTep assenbly when excessive voltage i s PEr/@s1008054418

so that the gauge circuit is protected fromthe

excessive voltage. 15. A nethod of claim 14, wherein
the stepl2of |4 pmeR sigerebluef ¢laignd, wheisiLibe iselation @ircaii s Ragted, and

Sethx%{h‘P'ly%h@Ele&hEa‘iH/'léoﬁMeci o the gauge circuit involves
di sconneCting the power fromthe gauge circuit by

forcing an open circuit. 16. A method of claim 14,

wherein fsne %@Hné’ﬁssé&ﬂ}r%f&&meé %E{e?]nctﬂ!: 1s‘8f398§¥8¥c‘u9%oﬁ’1bﬁsesa

active sem con cuitr auge ciIrcui

¥ nvpluradty & isodsged gatedri- pbtartrgpsmss tioned to regul at e
power supplied to the gauge circuit, the regul ator

bei ng one or nore of the followng: a swtching

regul at o4, a Aoathbant promtirgratdomgcblh abuge ciravitbfa vediynimp

regul at@ 17, AV Og’i 3& (i!n14 wherein the
et 198" QLB Sate by P aly B0 RS ep o
det @ohitdrigg arphesic pabmetevdfl ah @G Eir AP dfa@sotér Rbdutbdy ditdwell pump
(?f i sol ated gat e bi-pol ar, transistors.
1 assembly via a gauge circuit;
detecting an excessive voltage on a neutral node of a three-phase power 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

15 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

20  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

25  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

30 transistors.
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