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BACKGROUND OF THE | NVENTION Field of the Invention The invention relates to
downhol e systens for controlling the flow of fluids from pet ZLGV?] . .
production wells and, nore par- ticular{y. to a power supplﬂé . d%thl '
arrangenment for a sub- nersible punp and sol enoi d operated safety val ve
system History of the Prior Art 0il and gas wells, and in particular those

| ocated of f- shore, are frequently subject to well head damage whi ch may be
produced by violent storns;..collisions with ships and numerous 2 ot her

di sast erous occurrences. Damage to the well head may result in the |eakage

of hydrocarbons into the atnosphere producing the possibility of both the
spil l age of the petrol eum products into the environnment as well as an

expl osion and fire resulting therefrom In addition to off-shore

production wells, another environnment in which danage to a wel | head may

have di sasterous effects is that of producing wells located in urban areas.

Moreover, in such urban production wells it is generally a spe- cific .
| egal requirenent that there be sone downhol e neans of ter- mnating the
fl ow of petrol eum products-fromthe well in the

Y

SOLENOID OPERATED SAFETY VALVE |
AND SUBMERSIBLE PUMP SYSTEM €

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to downhole systems for controlling the
flow of fluids from petroleum production wells and, more par-
ticularly, to a power supply and control arrangement for a sub-

mersible pump and solenoid operated safety valve system.

- History of the Prior Art

0i1 and gas wells, and in partiéular those located off-
shore, are frequently subject to wellhead damage which may be

produced by violent storms, collisions with ships and numerous



+event of damage to the wellhead. |In such instances, the safety valve nust
be responsive to a dramatic increase in flowrate fromthe well so as to

cl ose down and term nate production flow fromthe well. For these reasons,
*sub-surface safety valves |ocated downhple within the borehole have |ong
ba€n i ncl uded as ‘an I ntegral part of the operating equi pnent of a petrol eum
produc- tion well..Various types of petroleum production flow safety val ve

systenms havehéfedipiovérass idtculttepted! Wdmage-aoh tRpswvellhesd uslBs rasuakve
means for controliing the flow of petroleumup the tubing froma point down

in the bor éRoFheflepfagre %lhﬂﬁ‘é&&arsaﬂ%ty!%lw ﬁﬁ‘PéﬁbeFﬁcP{R@J@é’ﬂsMg
whi ch | Ih d t
roduct | onPPRBSPLELEY SF diar” shR. RETERgE RS thuhpeLeGnerB T IRt Ss»?ﬁéecot.e
flow fromife uell - OGnd @ MUY BY LR %;Y?ﬁi?{mn 'LI% ¥Qge0£e9@f{alfj S p
at ent

mechani smto actuate a safety valve wt i §TShown 1

No. 3,861, éﬁéraergleyadm eetda&tmal t¥hbEA & 414D aRREEHARL EPE , AfdtdlelcOn

means conprising an el ongate cabl e extending fromthe vel [ head down to the
saf ety val eavibehnméyt N adiith dambge €6ld ercifftRRalds mapeRatg aishsierduag of

t he val ve. Such nechani cal actuation systens are severely limted with
respect toeffectiepi$ thahwnﬁﬂpnpdohlsgswelkszﬂu;aq@drablBrhnd ateas . ncl ude
t he i nherent disadvantages of
_ _Moreover,_ in 'such urban production wells it is generally a spe-
- cific legal requirement that there be some downhole means of ter-
minating the flow of petroleum products from the well in the
event of damage to the wellhead. In such instances, the safety
valve must be responsive to a dramatic increase in flow rate from
the well so as to close down and terminate production flow from
the well. For these reasons, sub-surface safety valves located
:downhole_within the borehole have long been included as an
integral part of the operating equipment of a petroleum produc-
ﬁion well.
| Various types of petroleum productioﬁ flow safety valve
systems have been provided in the prior art. Each system
.includes a valve means for controlling the flow of”petrbleum up
the tubing frdm a poin£ down in the Borehole from the weilhé&d.

Safety valve systems include sensing means which are responsive

to wellhead damage, a dramatic increase in production flow or



potential stickage, cable stretching and ot her nechanical failures

af fecting operation of the valve. The nost common nethod for controlling
downhol e petrol eum flow safety valves is that of a hydraulic control line . 4
extending froma pressure reservoir at_the wellhead down the borehole to s
the safety valve. Generally, safety vafves are spring biased into a closed™
condi tion and opening the valve to allow production flow requi'res the

appl i cat i 96m&fothdy GinditigencPr B6AGLEIS® LIATITATRY (thatSBRb NEL &) arca¢hio! d
the valve in an open condition. In the event of a failure of the hydraulic
syst em orwelbheke termipated| biietbleovalvet he hydraulic line, release of the
hydraulic pressure allows the spring to autonatically close the safety

val ve t her ebyPRf JWRE 9f 2PSEAEiRGRechamism hpe antupteyat safety valyeshown in

U S. Patent, No. 4,160,484 to . Watkins, A | ated ty f_hyd lic trol
syst emaf g‘?" Eté’f%t?j"%éﬂe\}is 1F5'g5ﬂ‘§"'i '}l'lg\?\%'l h rqear%“fetl &ﬂxgg ' ?ﬁé' %?%ggﬂ:lt ?o(r:\OPI Liod

produces BoPad el eth iaﬁgwhicf?ai@ﬁgf&?%gaaﬁko%vva%fio%gﬂt Eghﬂ’ Fé‘ﬁ%é‘%s‘” essure

fromthe we I'n t event . ( uce pressure ec_orres )
nuch gr eaé@&pxiﬁn(?emmhanﬂeet Sab b avae f G Srbf T chb OWe 1 11 &40 Nadwae t¥al ve,

this flow produced pressure overcones the control pressure and closes the
safety vathve safetysvalve wbetbby emevemnnty dfl aheceabilei effeStisopgeidygt em i s
shown in U S. Patent No. 3,750,700 to Ecuer. - ' S
~and closing of the valve. Such mechanical actuation systems are
severely iimited with respect to the depth to which such sYsEems
are operable and also include the inhetent’disadvaﬂtagésjbf '
potential stickage, cable stretching and other meéﬁaniéal \;;
failures affecting operation of the valve. ' '
The most common method for controlling downhole'pétfoledm
flow safety valves is that of a hydraulic'céntrdltliné extending
from a pressure reservoir at the wellhead down the borehole to
the safety valve. Generally, safety valves are spring biased |
into a closed condition and opening the valve to allow production
flow requires-the application of a hydraulic pressure to overcome
ﬁhe spring bias and hold the valve in an open condition. In the.-
event of a failure of the hydraulic system or damage to the’
wellhead or to the hydraulic line, release of the hydraalic iu)-

pressure allows the spring to automatically close the safety

valve thereby providing a safe operation. One such system is



‘Al | hydraulic pressure controlled safety val ve systens have certain
I nherent di sadvantages. One limtation is the depth to which the systemis
operable. That is, the length of the [ine through which the hydraulic fluid
gwpperable determ ne the final downhol e operating pressure of the fluid.
I n~very deep wells this produces an exTr%ﬁ%Iy hi gh operating pressure at
the safety val vé. In sone cases the downhol e hydraulic pressure becones so

great at a gréwAl indef8 N fdtdint NoCaBNDLE0 PEs OUT WAERiIRE . SPAT PEL PSS G plY BE
systens. 'This in effect renders such a system which would ot herw sé be

perfectly ehydranlicicontirdl sustemncEbr, satsty wadives iis opeyinedpiqir adect i on
situations. __ln a dltuaqﬂﬁrmahydraullc pressure in closed static

hydraul i c- pF EQ€W? yetign Ehupd prRdusas e’mﬂ’-’?sﬁPﬁﬁ Wt €th it oduces a

very danger t i he for er neI
wor i ng. Car SEEAnsed $e Y o R9arahy, Batt i BB Bl raf e BB e
di sadvant ages efe leé:wlﬁnﬁ@&%emiaanbfaawe@%&rs%@esBéeweyafha/& systens
are overcone by the use of an electrical solenoid to operate the safety

valve in a gousber g fumnducinple doei tonfewmiway Nreduetsionutios ytimsmhhane
been pro- posed, for exanple, U S. Patent No. 4,002,202 to Huebsch et al,
U.S. Patent vmbveA qlsqs Xilow Preduced, plessure ivergomes, the PeorinoINPressure

4,566, 534 Gbl uch systens royi de a sol enoid actuated %Peratlng
neghan|sn1f6P °§£ﬁ€a \ﬁgﬁygywﬂp ﬁ in response to the emergenc

condition. Such a system is shown in U.S. Patent No. 3,750,700
to Ecuer.

All hydraullc pressure controlled safety valve systems have
certain inherent disadvantages. One lim;tation is the depth to
which the eystem is operable. That is, thellength of the line
through which the hydraulic fluid is operable determine the final

'_downhole_operating pressure of the fluid. In very deep wells

- this pfoduces an extremely high operating pressure at the safety

._valve. In some cases the downhole hydraulic pressure becomes so
great at a_certain depth that ii cannot be overcome by spring
biased type systems. This in effect renders such a system, which
would otherwise be perfectly effective in shallower wells,

.K,/ less useful in very deep product;on situations. 1In addition,

the hydraulic pressure in closed static hydraulic pressure cir-

cuits often become extremely high which produces a very dangerous



responsive to a DC electric current supplied fromsurface equip- nent.
Such sol enoids generally require a fairly high level surge of initia
operating current to cause the solenoid to change states and then a smaller ,
| evel of current to hold the solenoid in its new operating conditison. - S
These | arge actuating current surges-r®&quire heavy el ectrical conductors in
order to carry such current downhole for any substantial distance and stil

maintain aqkags beva! weti{d cliRiwd1y AREr b8 bhPaSAEN Ui BYgERgAr bon

produci ng tormations ere there is sufficient reservoir press 0 cause

for mati on ddd/wdtht ehel Rydspolic trt@ns lay thet Serfiedé. surface, onIy fl ow
control valves are required to regulate the flow of fluids up the tubing.
However, in wSklkeppfdtbeidisadwantagesnod hpdwautic t4rel mechealicadéder voi r
-6- pressure is |lower than that required to produce a desired flow rate of
fluids fr&ftupsedespfety %lw RIRLAMSy ARECRYSEFYNE obmsté!ear\lsa eét Apcal ly -

power ed suRnersi, bl un n the we der t,0 a esired
hydr ocar b&iT® FItS\’VcPSt gofg ﬂ%tﬂ?ﬁ‘“&. 5*‘5 ﬁﬁﬁf} %C‘H}a"tee ns?s gﬁf
necess! t Az cliige st Ghyfromientl! 'MER-OAECECH BYStddY Habe 1ERA0PSo-

di scussed"above. In nost production systens I nc ectr caIIy
oper abl e polgear,- £6kbbraPpI®s Uls ] Pat@ALERbI omaboi ,%(ﬁﬂ&'ooﬂu&b@!ﬂréw agplly

controlled safety valve such as is shown in U S. Patent No. 4,529,035 to
Bayh and U.S. Patent No. ¢h1§ih2i$4tbosaakheunaet et .al, and U.S. Patent
" No. 4,566,534 Going III. Such systems provide a solenoid |
actuated operating mechanism for the safety valve which is
‘responsive to a DC electric current supplied from surface equip- \J/
ment. Such solenoids generally réquifé‘q fairly high leVe1 surge
of initial operating current to cause the 501§n6id to change
states and then a smaller level of current to hold the solenoid
in its new operating condition. These large actuating current
surges require heavy electrical conductors in . order to carry such
current downhole for any substant£a13diétan¢e'and still maintain
a voltage level sufficient to operate the solenoid.
In hydrocarbon'producing formations where there is sufficient
reservoir pressure to cause formation fluids to'fioﬁ spon-
taneously to the well surface, only flow control valves are o/
required to regulate the flow of fluids up the tubiﬂg} However,

in well production environments in which the natural reservoir



Moreover, in U S. Patent No. 4,425,965 to Bayh et al the hydraulic output

of the punp itself is used to prOV|de actuating pressure for the

hydraulically actuated safety val ve. El ectrically operated subnersible

p s requife an electrical ‘transm ssiorgline for AC.power, generally in a
ee phase con- figuration, fromthe well head downhole to the punp in

order to drive the electric notor powering the punp. Conventional submer-

si bl e puinﬁ?EENEﬁlkﬁl%@§¥bﬁ§aﬂaﬁbabjéﬁﬂ#kﬁﬁﬁ t&d PEoAREe at| desired Fitiowsi on

| t fro |1 head ¢ t he_sub
or der “to pfabe o it dFeen taR MR R BestBtps Y net RS L b b
act uat ed szhelye et M 1u5L howetBat Eebmb@%nﬁoawmmnakem Gly on

equi prent configurations thus require redundant circuits, one electrical

and one hydrdetito achievalitheclesiiéd wd‘szdmsﬂaheraw. Mgt |$abmer~
I ndependent actuation and control systens which are not interfaceable
directly whiblerpummadtaatefhsysteme aksq gievedisisdtenthgeuse nfereersub-n t he

conmbi nation o %$an el ectrically _operated submersi ble punp and an
el ectri cal PYFERRE A¥Piardlyes fpfethe Grasansadisrragedi abevmy vﬁﬂlﬂ?sAC

bper ate  HErearERih SRR nhInCt EEres, aFeieRLlY SaetaffE Sietse”
expendi t urg; pile "ScIaRY 1§ smes@io&ﬁb't% okOh AfaPitically
controlled safety valve such as is shown in U.S. Patent No.
'4,529,035 to Bayh and U.S. Patent.No. 4;354,554 to Calhoun et al.
' Mdreover, in U.S. Patent No. 4,425,965 to Bayh et al the
hydraulic output of the pump itself is used to provide actuating
. pressure for the hydraulically actuated safety valve.

- Electrically operated submersible pumps require an electrical
't:ansmission line for ac power, gehefally in a three phase con-
figuration, from the wellhead downhole to the pump in order to
drive the electric motor powering the pump. Conventional submer-

sible pump production systems have also required a hydraulic
transmission line extending from the wellhead to a location near
the submersible pump in order to provide an actuation and control
circuit for the hydraulically actuated safety valve used.with the
pump. Such conventional production equipment configurations thus .

require redundant circuits, one electrical and one hydraulic.



one for DC. SUMVARY OF THE I NVENTI ON Accordi ng to one aspect of the
I nvention, there is provided a subnersible punp and sol enoi d operated
safety valve systemfor use in a borehole, conprising a subnersible punp

driven by an electric nmotor positioned down in a borehole and eonngected to -
conduit neans to produce a flow of well fluids within the borehole toward *

the surface, a solenoid operated safety val ve connected tointerrupt the-
flow of wel | shéHi dsrbaueedatile seckaes tate 25RO MU 1518 Addlgiddepid on of
current to the solenoid holding said safety valve in.an open condition, a
surface contaotuabibn andovohtirelcepistemnsuhichosire adad id@ur faeddi e
borehol e and connected to. said surface control unit and to the notor of
sai d punp bydireatlyfwathebaet enodherabl e, neans for supplyi ng AC

el ectrical power from said surface unit down the conductors of said-cable, -

and neans nount ed wi t hTherei dreéowetednc disadiv-antagesodnvesendi g theB
el ectric current for operating said 'solenoid to open said safety valve.
The surface e@nRbidatiant ofmpnbelaritaigadlyoopappitpde submersibpdwepuae a pair

of different operating frequencies, the |ower frequency power .bei ng capable

of driving t#RdpeRpSiRFtEiEaeldoRRRERECEORBEBEYUNRLVES  One’
disadvantage is that while AC-poWér is fequired'to actuéte
the pump, Dé.p§wer'is.ﬁ$ually neééésary to operéte the 
éblenoid actuating.ﬁhe_safety,valve thuslrequi;iﬁg é laigg
expenditure én rédundént électrical.cable;_one fq;_AC and

one for DC.

SUMMARY OF THE*INVENTION .

Acgofd;ng to one aspect of the invention, there
' is provided a submersible pump and solenoid operated
safety valvg system for use in a borehole, comprising a
submersible pump  driven by an,electric motor.ppsitiQned-
down in a borehole and connected -to conduit means to
produce a flow of well fluids within the borehole'tbward

the surface, a solenoid operated safety valve connected to

interrupt the flow of well fluids toward the surface in W

response to:the'interruption'of current to the solenoid
‘holding said safety valve in an open condition, a sufféée
control unit, é downhole control unif positioned down in
the borehole and connected to éaid surface control unit
and to the motor of éaid pump by means of an electrical
cable, means for supplying AC electrical power from said
surface unit down the conductors of said cable, and means

mounted within said downhole control unit for providing

o
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T esponsive to the higher frequency power to actuate opening of the safety
val ve and then to signal the open condition of the safety valve. According
to anot her aspect of the invention, there is provided a control and power
Supply systemfoer controlling the operation of a subnersible punp and
sotenoi d operated safety val ve system of the type including a surface
control unit for supplying AC electrical pdwer to a cable extending
downhol e to the nmotor driving. said punp and to sai.d;,sol enoid operating. said

safety val ve, SeEFHT FRETEDY O AReFAtRG Faidy
control unit for_connegtion the cable fromthe syrface.unit inclugdi
means for profedehy é’l?rcjr"@m ?Jd’ea&‘ifaﬁ%ﬁ r?é"gt(ﬁ"én&"&%m?i’cal% Ira(ﬁz!q’n’fﬁfc L%Ip}'gﬁl ng
of the safety val ve and ns for _cannecti AG curgent to the tor to
drive-the purs By PR o BV E st SF ARG PHEADE acpect
of the inventi t | S Ol = [

O e | VNt haydited S P YRS, SIS Yoo Bal K BN e
producti on el ;A P by Wl 1d e MRhncAQ Rl Wliactiarel y
supplying el ectric power th a surface control unit at a pair of different
operating freqpdniived i@ A hilghaUETequasiey’ peiield terRdithatd 9

opening of the safety valve and then to signal the open

condition of the safety valve.

- According to another aspect of the invention,
there is provided a control and poﬁer supply sysfem for
céntrolling the operation of a submersible pump and
solenoid operated safety valve system.of'the type

" including a surface control unit for supplying AC
- electrical power to a cable extending downhole to the
" motor driving said pump and to said soleﬁoid.operating
said safety valve, in combination therewith the system
comprising a downhole control unit for connection of the
cable from the surface unit including means for producing
'curfent to actuate the solenoid and control the opening of
K,/ the safety valve and means for connecting AC current to
the motor to drive the pump when the safety valve is open.
According to a further aspect of the invention,

there is provided a method for supplying power to a

submersible pump and a solenoid operated safety valve in a

petroleum productioﬁ well cdmpletion within a borehole;

comprisihg selectively supplying electrié power with a

surface control unit at a pair of different operating

frequencies, the lower frequency power being capable of



driving a notor for said punp and the higher frequency power being .
I ncapabl e of driving said notor for said punp, actuating a solenoid in -
response to said higher frequency power with a downhol e control unit-to
open said safety valve, producing a signal in response to the open,
condition of said safety valve with a dowghol e control unit, prOV|d|ng a
cable’interconnecting said surface controf unit and said domnhole contr ol

' d
ST onal “uphol T e, UECaF FHE' Bakh BURE: 083, *RanreReR” rgﬁﬁeﬁ‘é%%f‘%t? h
high t
{he. surf ace RORTT drotog, - AlapdfLe of EELVLE] SREY HBYEE, K8z ETatRin, o

signal fromddey 04 s6DEA6DE YA i-es58ﬁ§60tbn9aiaeh}|%§ﬁ€£‘ %&a usae power

to said cable with the surface control unit to drive t not or- or S

punp. BRI EF o viTtioN Gowitio DRAYSAESoFoin2e #808p6A2881ATsaEthe present

i nvention and for further objects and advant ages thereof, reference can now
be had to thalwe) pogucingrapsignal akenréspense ubet tRa vpeh t he
acconpanying drawings in which: Fig. 1 is a schematic draw ng of an

of f - shor e weldndiripretobrsaid| saifety avalberwithl 2 dgowphabd eoatrenoi d

operated safety val ve
unit, providing a cable interconnecting said surface

control unit and said downhole control unit for conducting'
power'at both freqnencies_downholekand conducting a signal.
uphole indicative of the open or closed condition of said
safety valve, and first connecting.thenhigher frequency
power to said cable with the surface control unit and
then, in response to a valve open condition signal from
the downhole control unit, connecting the lower frequency
power to said cable with the surface control unit to drive
the motor for said pump.

BRIEF DESCRIPTION OF THE DRAWINGS

For an understanding of the present invention
and for further objects and advantages thereof reference
can now be had to the following description taken in 5~J
. conjunction with the accompanying draw1ngs in which:
Fig. 1 is- a schematic drawing of an off-shore
well completion inclpding~a submersible pump and a .

solenoid operated safety valve



« -10 systemconstructed in accordance with the teachings of the pre- sent
i nvention; FIG 2 is a cross-section schematic drawi ng of the subner- sible
punp and sol enoi d operated safety val ve system of .the pre- sent invention;
“FIG 3 is an overall block diagram of- tilge -systemof the pre- sent
“iention; FIG 4 is an nore detailed block diagramof the systemof the
present invention;.and FIG 5 is a block diagram of an alternate enbodi nent
of the systemof the invention; FIG 6 is a flow chart of the sequence of
operation of the'systemof the present invention. DESCRI PTI ON OF THE
PREFERREDs£8£6b)| &4t IReftasd iing akcos8ahee RHiEh khiehekachingHovh thes @ienatic
illustration of an off-shore well conpletion incorporating the system of
t he presementnimyentien:A casing 11 extends fromthe entrance of the bore
hole in the sea bed 12 to an operating plat- form 13 supPorted at the sea

surface in an§t®ne? of® & ATQPErPEFLLPR aPEhenAC FEANAPY. OF THRE pTRR™eSrm |
navi ng anvsor8 Fie A HdTEneuer8pRE SR Aathey, FHAFRChrFhef oy Bs?”
product i ogeht ophtéiaddie vel | . -

FIG. 3 is an overall block diagram of the system of the pre-
sent iﬁvention;

PIG. 4 is an more detailed block diagram of the system of the
present invention; and '

FIG. 5 is a block diagram of an alternate embodiment of the
system of the invéntion;

FIG. 6 is a flow chart of the sequence of operation of the

system of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring first to FIG. 1 thére is éhéwn a schematic
illustration of an ofoShoré weil completion incorporating the
system of the present inventiod. A casing 11 extends from the
entrance of the bofe ho1e in the sea bed 12 to an operating plat-
form 13 supported at the sea surface in.ﬁny one of a'plurality of
/ different manners. The platform mounts the typical Christmas
| tree pﬁoduction flow contrél configuration 14 having an output
1ihe*15'1eadihg to storage facilities (not shown) forlproduction

flow from the well.



Down in the well there is | ocated a submersi ble punp and safety val ve
rassenbly 16 suspended fromthe | ower end of well tubing 17 and | ocated

_beneath a well packer 18. The subnersible punp and safety val ve assenbly

16 .
24.

26.

FIG 1. tnRingalisapf ipeated;

of borehole fl

e int

id f it hi he .f i
Cnsi vy Prmorand: Bedey PRIV iAradhanas 16 Mhanglndse' s Adkor qudl sfar

compl et igqliQl Be, SUr bARE SctIgiUR,| U1 sbidlooh SherdEld sacllRg BUERLNG unit

assenbly consists o

sub 16 Wyguel 232%hal hYASPHNELE bt olN@1BUEPoRESS | S6cti%on 2BNe pHEP not or
pre- ferably conprises a three phase electric notor 34 having an axially

ext endi dpwnhbdleakllecthahicshsadt jzas s isheongbceed | eo1ge sumfialdeng 35 and
into rotational engagenent with a seal section 36. The rotational output

not or -an eal sectron

of the sdaictzenic Eachiema?S slagptmshon thelplatform 13 by means of a

power cable 26. Power is supplied from the downhole control
electronic section 24 to the pump by means of cable 27.

Referring next to FIG. 2 there is shown a schematic cross-

sectional view of the lower end of the casing 11 shown in FIG. 1.

The walls of the casing 11 has perforations 31 to allow the
influx of borehole fluids 32 from within the formation 33 to the
interior of the casing 1l1. The fluids are then pumped up“;he
tubing 17 of the well'éoméletion fb'the suriaée aé'producﬁiqn
flow of the well. 'The pumping.unit assembly consisfs of the
motor and seal'section.él aﬁ the iéwer.end of the supils_which is

axially connected to the pump section 22. The pump motor:pre-

| ferably comprises a three phase electric motor 34 having an

axially extending rotatable shaft which passes through a flange
coupling 35 and into'rotational-engagement with a seal section

36. The rotational output of the seal 36 is in actual alignment

ower end of the

! S
includes a notor and seal section 21, a punp section 22,7 a solenoid .
operated safety val ve nodul e 23 and -aldownhol e control el ectronics section”

The downhol e el ectronics section 24 is connected to a surface o
el ectroni c 3R @A 2hel WERL ethéxe tie 1plcatkar ) ddbkyr SEHIS piimpaap@wer cabl e
Power is supplied fromthe downhol e control electronic section 24 to
t he punpafetyeandvef agaehbly 716 Rafspended ficrn the Fldwer angerod welthown a

schematic cross- sectional view of the |ower end of the casing 11 shown in
bepepth, a5 wedit Bagkebnk8 51 The [ubBerehRle nf | ux
ior,of the



s and rotational connection with the punp input section 37 which is, in turn,
axially connected by nmeans of a flange coupling 38 to the punp out put
section-39. The fluid discharge outlet of the punp.41 is coupled into a
* generally cylindrical electric solenoid operated subsurface safety val ve
‘22~ The fluid output of the safety val ¥8 22 is connected t hrough an axi al
.opening in a downhol e el ectronic control unit nodule 43. The output fluid
fromthe padpretatiomal congectionavihh phe spump Hnpughsenbionfdt whighve 42
and el ectronig nndule 43, 1S cougled o t he well produc- tion tubing 17
whi ch car #PesiPtE¥P ¢ AXdjddah gEted dLfean fr £dange eoupid ng, ¥Bace

R %%5&3 ol RE- pethd SRt H13EnRR0q TRt 6 s kR
punp i nt abempons;é%aypltéae ian:We% Pﬁﬁéﬂr‘ify aéfffﬂﬁrﬁ\:‘:gﬁ LPOUE r $€4d1¥ho ga

The fluid flow fromthe outl et e punp passes I nto the sol enoi

oper at ed spérateéd adsbsnifice \salféeyldalvees3af efhe fahia 4dtpabsosSitheof an

outer cylindrical hou5|ng 51 within which is slidably nmounted a cylindrical
insert 52safetycurlive 4kiid compested thrimgh tare axiadr ohensnagimia The outer
cyllndrlcal housi ng. 51 i ncludes an_i nner eggi cylindrical recess 53 within

whi ch is ABYRPRLe £ "'r”ccfﬂ’f \ﬁ?&ﬁa%o}’%h'bl 2. RRei AREPUL fAUEd recess
O D BN he R ocki 330U AL o JANRGROEREL BB SRy
valve 42 and electronxc module 43, is coupled to the well produc-
tion tubing 17 which carries it up the borehole to the'Christmas.l
treé-l4_a£ the surface and, thus, to the output line 15.
The fluid collected and coupled into the interior of the

casing 11 through the perforations 31 is dfawn into the pump
-intake ports 44 by the lower pressure at the pump input section

37. The fluid flow from the outlet of the pump 41 passes into

the splenoid operated sub-surface safety valve 42. The safety
valve 42 consists of an outer cylindrical housing 51 within which
-is slidably mounted a cylindrical.insert 52 mounted for axial
movement within the outer housing 51. The outer'cylindriéal"
housing 51 includes an  inner upper cylindrical recess 53 within
fqhich_i:_moﬁnted a mulitply wound solencid coil 54. An inner
central recess within:the outer housing 51 is shown at 55 and has

:posi;ioned in the lower portion thereof a valve closing helical



spring 56. An inner |lower recess in the outer housing 51 is shown at 57
ves a valve flap nenber 58 which is pivot- ally nmounted by a hinge
59 to the upper inside portion of the recess 57 and spring biased toward

and recei

closing t

he | ongitudinal passageway through the valve 42. The slidably

novabl e cylindri- cal insert 52 inclrudds~an upper radially extending

st epped magne- tic region 61 in general alignnent with the'solenoid coi "

54. A naspeinmgese s aldny inheat adwer arecedy jaxithediongest hopsiing ezl G 62

engages t
act uat ed .
current f
st epped r

he upper portion of the helical spring 56.  Wen the solenoid
shoen \aty 7 @and rgeedyesdat valve Ham mesberi 58, whheh el £ @iviot -

| owi ng t hrough the solepoid coil 54 pulls the radially_ extending
%b&rﬂ%l‘"tﬁﬂ?vﬂﬁar’d ngRt 37t HR TRRUBRST JdiRShAe ROEFEPN 2f the

E;xQ

cpring e an ot P Heikal LEALRZ TR iy FRECLSRSLEPTAS. (GO ot

t he valv
pressi ng

Cp&s H5ddvay [tHY oWRMOheS%a Py | £18), | lriaP Y1l dablyPidPAbDE! &1 114 r31d
It into its recess 57 to hold the valve 42 in the open position.
| nterrupttcay insedd B2 dncdldesr anatpper readidlllyoegiehlithg Osteppel aagne54

all ows the conpressed spring 56 to expand upwardly to cause the radi.ally.

ext endi ngti¢ epgaidn &gi dm @2ngnalt Abigymentiwidh theseplesoidocoml S4pwdrdly.

This all ows the
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a

engages the upper portion of the helical spring 56.

When the solenoid actuated safety valve is actuated to the
open position, the eléctric current flowing throdgﬁ.the'éoiendid
coil 54 pulls the radially extending'steppeafregion 6i doana?dly
into the position shown in FIG. 2. This causes the narrow -
radially extending region 62 to compress the’heiiédirsbriné SG_
and move the lowef edge 63 of the cylindrical;insétt 52"d6wn pést'

the valve closure flap member 58 moving it about ‘its pivéﬁlpoint.

59 and pressing it into: its recess 57 to hold the valve 42 in the

open position. 1Interrupting the flow of electrical current
through the solenoid coil 54 allows the compressed spring 56 to
expand upwardly to. cause the radially extending stepped region 62
and the cylindrical insert 52 tO'move-uprrdly;:'This allows the
spring biased valQe closure flap member 58 to comé out of its

recess 57 and pivot across the longitudinal paééageﬁay"within the

menber. 58 to cone out of

“spring _biased valve_closure flap er. 5
its reces%a€ﬁ°%uﬁéﬁﬁ§éi;Yé&P&§§eah§a#tﬁ&ﬂ¥tﬁﬁﬁﬁ%dBBSS§EGBR%9 89T &%e
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*val ve 42 blocking the flow of well fluids fromthe di scharge outlet of punp
41 up the tubing 17. The electrigcal current .to the punp is interrupted and
the punp is shut off prior to the closure of the valve 42 so that bl ocking

*the flow fromt:he punp outlet 41 does nf& cause damage to the punp. The
a§§enb|y 16 is enclosed within the | owe portion of the casing 11 by means
of the well packer -65 which includes a |ongi- tudinal bore for closely
recei vi ng- vdkveodi2e blagkingothe Helawileifnyel} &huidmi from| the idigchdegea second

| ongi t udi nal, _baore 67 for I'osel ei Vi n t he. power and control cable 26.
The wel |~ PREEST &5 DEmps4 io ?h‘g}/? rﬁﬂ‘g’r1 s oThgh%l""c%\"s‘?‘ﬁﬁ‘llf“Fﬁ egbntn-

tional fa t g e power
suppl y an?mef)rebct o‘ril%ciggﬁ%r un|t 2 ghﬂé g%cgﬁ%édgvm thgﬁcggl g

t hrough t hegRirde RECKkRE 681vEL4R tdie tqkqmbqbeksh§C£ﬂ&mlcow@}roholthun bhmg3-

- The downhol e el ectronic control unit 43 is coupled to the solenoid coil 54
by i nt er nadutdetd 4dt does( not - sduse Jdamadet dot hrenptop. 34 of t he punp by neans
of electrical cable 27. Referring nowto FIG 3 there is shown -an overal
schemati ¢ bl odhediag§emblyf 16 his eﬁraltqﬁeéawisbm the plnver portdanr of the -

cuitry of the s em of the vent {on. _A source of three phase AC
powery c??rﬁfé’é/gé ?Ht 88??@ é'eé'l cPRFEAF 63 MRIGH iRAludes atfangdy put

power and éﬁHﬁn b%&gn§L§ ET%§§¥¥1JJE%1%H59 the o&égr walls of the tubing

.17-and which also includes a second longitudinal bore 67 for
closely receiving the power and control cable 26. The well
packer 65 seals to the inner walls of the casing 11 in conven- |
tional fashion. ' Electrical power and conﬁrol signals ffom.thg
surface power supply and electronic controi unit 25 are-coﬁducted

~ down the cable 26 through the well packéf_ss into the downhole
eléctronic control unit 43. The downhole electronic control unit
 43-is coupled to the solenoid coil 54 by internal conductérs (not
shown) and to the motor 34 of the pump by means of electrical
cable 27. |

© Referring now to FIG. 3 there is shokn an overall schematic
block diagram of the eiectriéal power supply and control cir-
cuitry of the system of the presént infentfbn. A source of three
phase AC power is‘cbnnected into the surfaéé electronic control

unit 25. The output power and control Signéls'between the sur-



face unit 25 and the downhol e equi pment are coupl ed by neans of a cable 26
conprising three conductors 26a, 26b and 26¢c which con- duct the three
phase AC power to the punp.notor 34 along with the other signals as

descri bed below. The three conductors;26a-26¢c fromthe surface el ectronic_
control unit 25 are first connected To 1he downhol e el ectroni c nodul e 43.

and fromjhere tor 34 vi.a cable 2 gut_ from the
nodul e 43éq 'ﬁ'r“‘ﬁ'eé?’e ygﬁegg%gon 1e peqdlpmfen oﬁéﬁch?gPﬂo%(f‘ef?st 8?'[ Re
con- dUCt:be'ié)fzst [Bm §9h§ﬂﬁ?dt!§9éé Snditdrd hisag 288 ankessk dapch

safety valve of the present system In addition, the electronic no u e 43
is al so cduyd athe theeghphasduat opower aid the pamp makue.3posidnPrwizangae 74
whi ch nonitors the position of the safety valve and provides an indication
to the dovhites signedsr afi deaotiibed 4=Loy . o Thes thyeet ronductihes 26a-26com t he
out put of_the valve osi'tion sensor 74 on lines 73 and 79 a position

i ndi cati dfiF9% e “Jgacﬁoe%ﬁﬁtmcﬁ‘ﬁ“él%%ﬁl 25nauel Einst connactednds a
si gnal ug__ohq__lhe ggané ZFCQPl tgonil%ndl Ccﬁ;[lteveignagghgééﬁak:ﬁggé ljrq;o & the

sol enoi d ‘act ua tP € Sa % hree

conduct Orgnff rJo*E%rebQCMhCéLbfé‘bﬁ? 26pH{d %t%‘i $¥bh2ERe ChEELIOY F jGONt T O

unit 25 are used to power the punp notor to provide current through the
downhol e cJmicted byRedahe 8Pda CoairF Ae td&ﬁ:d%@'t@&@' d1aghaat 2ok sl kowal ve,

and al so to provide an indication up hole as to the position of the safety
-16- Quctors of the so;gnoid coil 54 controlling the solenoid-actugted
safety valvé.of the present system. In addition,_the electronic |
module 43 is élso coupled through cbnductor 73 and 79 to a valéé
posxtxon sensor 74 whzch monltors ‘the position of the safety .
valve and provxdes an 1n61catxon to the downhole electronic
module 43 as to 1ts p031t1on. Tha; is, from the output of the
valve posxtxon sensor 74 qn ;xqes 73 and 79 a position indication
'is provided to-the downhole electronic module 43, which sends a
signai up hole.via_the cable 26 indicative of the state of clo-
sure the solenoid éctuated Safety valve. Thus,.it can be seen
that the same three cohductors of the electrical cable 26 from
thé.surfacp eleétgbnic control unit 25 are used to power the :
pump motor 34, tojpfoyide current through the downhole electronic
module and contfql_the solenoid actuateﬁ safety valve, and also

to provide an indication up hole as to the position of the safety



*valve, itself as detected by the valve position sensor 74. By way of
exanple only, it should be understood that many different types of valve
position sensors are available. One exenplary type of such sensor is shown
*in U S Patent ‘No. 4,321,946 to Paul os % al issued March 30, 1982. It
shéul d be under st ood t hat nmahy ot her different techniques may be used to

det ect angagydnalebilf HPUdeetitel’ piens YOIV hodiRiBhC e RALE s VAN Wb

addition to e one shown In the errlng ne

FIG 4, tberexanpbéOsnly, Y emdanal bﬁduﬁ&éhest&&& ithakt! aaky ddpe¥erantl the

electrlcally operated punp and safety val ve systemconstructed in

accor dancéypest bf vakwdipupidiionheepserssend avaidabilen. Of@eexenglary shown

that three phase 60 Hz AC power is connected into the surface electronic

cont r ol uﬁYPGZSftﬁ‘F@}!Jgﬁﬂ%FOﬁow@r shawar iupé-§ elRateas Nei.ch,32hdHeduati on,

di scon- nect al | pomer fo tgﬁ unit_25 until it is reset, The output of
g

relay 80 . ?§“ ﬁp?%da 38ni 19821ch ¥£;§§°P3Fppﬁ pedexstandythatnr ow

el oy 75 RaKyIgshlE e @.‘%&Lt efhp1daef liay be a6\ ALead EURE dikiaty 10
connect edeh@ BoSLHION S ey 's@QeBBQEaGbéf‘&@éh éahs%f.gO% V\%b@“n?faa’&l't%n' o

controlled by the state of a relay solenoid coil en the coil 85 1s
‘unener gi zede bhe siowmdlrs the, PadlasdeBlaBreatightal ectrical contact-with a

first set of contacts 8la, 82a, and 83a and when the relay - 17 -
Referrxng next to FIG. 4, there is shown a more detailed sche-
matxc block diagram of the electrically operated pump and safety
valve system constructed in accordance in the teaching of the pre-
N\ sent invention. There it is shown that three phase 60 Hz AC
- power is connected into the surface electronic control unit 25
through a power interrupt relay 80 which, upon actuation, discon-
negts all AC power to the unit 25 until it is reset. The output
of:rglay 80 is coupled to a switching unit such as a triple pole-
~double throw relay 75 having three contacts ﬁl, 82 and 83 con-
:nggfed; réspectively,.to each of the leads of tﬁe input three
phase AC power. 'The contacts 81-83 are connected to a common
actuating mechanism 84, the position of which is contrdlled by
. the state of a relay solenoid coil 85. When the coil 85 is
unenergized, the contacts 81, 82 and 83 are in electrical contact

'_:with a first set of contacts 8la, 82a, and 83a and when the relay



coil is in the energized state the actuating nmechanism 84 is noved to its
ot her position so that the contacts 81, 82 and 83 cone into el ectri-cal
engagenment with a second set of contacts 81b, 82b and 83b . The out put of
contacts 8la and 82a are con- nected to_the power input of a h1gh frequencx/\
generator 86, which produces, for exarmplé, —a 400 Hz output signal which'is™
connected to two conductors 26a and 26b of the three ' conductor cable 26

| eadi ng do%Phbl &8 fﬂu?“@h@P&’&bﬁPﬁcﬁtﬁﬁ%.Fﬁﬁtﬂﬁﬁ¥at?ﬁe Pﬁ?h%n+?ﬂu§4 dént act s
81b 82b d 8 ted t t. I t
Soa oot v FURE RERLERBETLS Wik (e’ conbBEER B IF A B0ce
| Nput  powegodd Omédﬂ%ﬂé&%'eupt gggLﬁméﬁcgﬁlﬁOQn%%EQth ge@ QPV@J S y 87

the regul ated DC out-  put ‘vo i's ‘connected to a valve posi tion

signal nonglly; &b anth@3pini The 88tpot CON EHta@ tieO 81 ACah@08 £H KRS tens- 26D
and 26c¢ of the cable 26 to detect signals thereon fromthe downhole unit 43

and, in resecket tiddhet powerotndut of carhigh firequencyagenéehatanid6 8whdkht he -
relay 75 when_t he downhol e solen0|d operated safety valve is in a full open
condi ti on RFOHGefy o0 SX2BPLRel p ﬁ’%l% Gf"rt(PrH"-t H‘égﬁaﬁfp"b%ﬁ‘l' ets @Wcﬂiﬁ

0100, 17, Ul 5 SRR 06 SR, B b SELRRe 710
connect ed i&hdilfy GWMNRLR. €l @RET ERiFa Sé'&iﬁa% %%aa@@'wen, THS three
lower contacts 8lb, 82b and 83b are connected respectively to all
 three éf the conductors 26a, 26b and 26c of the downhole cable
- 26.-

One phase of-thé'three phase inputlpower'frdm’the interrupt :
relay 80 is.connected to a power supply 87 the'regulated.Dc oﬁt-
put voltage of which is connected to a valve position sighal
monitor 88. The monitor 88 is connected to the two conductors
26b and 26¢ of the cable 26 to detect signals thereon from the
‘downhole unit 43 and, in response thereto, provides a current to
activate the coil 85 of the relay 75 when the downhole 36lénoid
operated safety valve is in a full open condition allowing a flow
of well fluids from the pump outlet 41 up the tubing 17.

The output of the generator 86 produces high frequency single Y

phase AC power, e.g., 400 Hz, onto'the'conductors-ZGa'aﬁd 26b

which are connected to the downhole eléctronic section 43 ahd the



‘input side of a bridge rectifier circuit 91. The output of the bridge 91
Is connected to the input of a filter/regulator circuit 92 which filters
and regulates the rectified high frequency signal to provide a regulated DC
‘out put current on lines 71 and 72 into the solenoidi.coil 54. Thus, the

hi frequency AC signal sent downhol e ®A eonductors 26a and 26b from
generator 86 is'rec- tified, filtered and regulated in the downhole unit
42 to supply an actuation and hol ding current to operate the sol enoid coil
54 of the safety valve. By way of exanple only, the solenoid coil 54 may
require a 30 volt, 10 _anp Fs],id?nal to initially ch'aane the state of the -
sol enoi d dMPUth&4dg RfcA BRid9Ieregtdfder cipruif | yle iia Sutpup afpthe as a

hol di : .ent. ., The_high f .t ' 0 t 2 d 26b d

ot af T oot b Sk RobaR S e SneChBHE AP A TiHRrresdR PR e el o
of the noigy JhqcRUER1LELIUERE! u].la'letsh‘t::hg\/??&ti £E f"ﬂﬂhn@rggugéc S ‘
affected by the particular hig reguency selecte or.‘use, an optional |ow

pass filtaligrdlmay beoviaklusefedulatha oceehtpee! chirdmt kel Waaest 1€ ang
rectifier 91 and the w ndings of the notor 34. The pass band of the

optional 72 tisto5&hies sekérsid®dedid 15dj.ecThube thghhigie firegueneyl AQgeigrul e |
al | ow ng passage of the |ow frequency voltage (e.g., 60 Hz) to operate the
punp not orseas. dpwahplecaonreondugtons 26abrhdgeébetron igeneyatios gpsbs rec-
connect ed {3 A LOM cEHER Yand At dP ' B CHbi AL e TV B RIS
- 19 - ’ g : pply
"anjactuation and holdin§ currept_#o operate the solenoid coil 54
of the safety valve, By ﬁay of example only, the soienoid coil
N\ .54'méy rgquire a 30 volt, 10 amp signai to-initially éhange the
‘'state of the solenocid and then a much smaller.signal, typically 6
"voits at 2 amps, as a holding current. The high freqﬁency voltage
on conductors 26a and 26b does not affect the pump motor 34.
becéuse of the high iﬁpedence of the windings of the motor to
such ffeduenciés. In the event the pump motor 34 is affected by
tﬁe particular high frequeﬁcy seleéﬁed for use, an optional low
pass filter 50 maf be included in the electrical lines between’
the rectifier 91 and the windings_of the motor 34. The pass band
of the'dptiona1 filter 50 is sélected to reject the high frequency
vqltage while allowing passage of'the_low frequencf voltage
(e.g., 60 Hz) to operate the pump mqtorl34.

The DC current from the bridge rectifier 91 is also connected

to a power supply 93 which supplies current to a valve position



signal sending unit 94. Unit 94 receives signals fromthe val ve position
sensor 74 by neans of the conductors 73 and 79. The position of the valve

cl osure flapper nenber 58 can be detected by sensor 74, e.g. a Hall effect
devi ce, and produce an out put signal on conductors 73 and 79 when the valvgf;
is.in full open condition. A signal -ongcenductors 73 and 79 to the val.ve . '
posi- tion signal sending unit 94 causes it to produce an output signal ‘on

conduct or SgHgna s iy @rsmruconﬁesieﬂt&éawmaaazﬁbffmg% & Lhe

v
downhol e cable 26, thus, to the valve position signal nonitor R the
surface el pesitign mspr254 b¥hweans vef ftid umﬂucmutpuinsagcma‘)s .cottﬂh@

conprise a sleaﬁg state DC_vol t age signal or a signal of adistinct
frequency, P% of jthe Wé&HPI9lﬁ§?E%t%&ﬂRPQﬁ/mﬁm§e§uﬁﬁa€%ne¢%xﬂeﬂﬁmtedun|t

25. Alter he v sendi g uni,t 94 coul d produce
si gnal s in ﬁ%gsijdrna sucﬁgg {# QYﬁﬁﬁ'nEP pBFgéug?gﬁEﬂ° & the
val ve assu f | gyr cQaq di | t se S|gna
upon any cghqa%g.el ﬁdorﬁa?ﬁgt&gg%f ?gu?g?%bn%fﬁ%%f V\gvgh%u 'geﬂg#ignﬁ ¢ woul d

be recogni egesdinide Ashignralusht cabaudlys t73€ andl 9 BOSthé OPaBid
noni tor 88 is provided with-a signal on conductors 26b and 26c¢ in catlng

t hat the dbiemdigrad] seoddngpunit 94 sedudes \itl te iprotdncé hen fedtiputp@ignal
condi tion, current i's s;gplled to the coil 85 of the relay 75 causing the
t hr ee phas‘é“G%P nduckersodér apg Hé ‘aﬁb’gﬁh eanjuqowercyedoteamn@vcrm 26b- 364

26c of the downhole cable 26, thus, to the valve pOSltlon signal
monitor 88 w1th1n the surface electronxc unxt 25. The valve full

- open output szgnal could comprise a steady state.DC voltage . (_)
signal or a s1gna1 of a dzstxnct frequency, such as 1 KBz readlly h

- detectable by the surface electronxc un1t 25. Alternatlvely, the.-
valve posztlon sxgnal sendrng unit 94 could produce slgnals in a
pulsed format such as a flrst drstxnct pulse s1gna1 upon the_
valve assum1ng full open conflguration and a second dxstlnct

'pulse sxgnal upon any change from that confrguratron, both of
which pulse srgnals would be recognlzed by the surface un1t 25.
When the valve p051t10n s19na1 monztor 88 is provided w1th a_:
signal on conductors 26b and 26¢ 1nd1cating that the downhole

. solenoid operated safety valve is in the full open cond1txon, \/
current is supplied to the coxl 85 of the relay 75 causxng the

three phase 60 Hz Ac power to be applled dxrectly to each of the



‘conductors 26a, 26b, 26c of the downhole cable 26. Three phase, 60 Hz AC
power drives the punp notor 34 to supply a flow of hydrocarbons fromwthin
Jlhe well through the safety valve 42 and up tubing 17 to the surface. Wen
t e relay 75 is-operated to-connect the jfree phasé 60 Hz AC to the cable
26; si ngl e phase power is S|nultaneously di sconnected fromthe high

{1 cauency, SRR SeHl Thn) ML RIS WEuANDIEZ FhB0clq o OAUBLELS, 200

and 26b. However, the s sl gha ose two con ors’ 26a

~and 26b by gdigh Ad pb&ei—eakaeeﬁl tife P mMOLoIs Bedtbys&m;}om duewdbe passed
through the filter/regulator 92 and coupled to the sole- noid coil 54 via

| i nes 71 artdydihcarboasf fkomrwitgin dthee wedlséhveosghothe (rdfaty tvad veud 2 camid
supplied to the solenoid coil 54, for exanple, to approximately 2 anps at
about 6 vol¥B tQP#HﬂmLEaFOhéhﬁl$&FQ§H¢{HH for such solenoids. If the valve
p05|t|on sensor _74 detects that fhe valve 42 has started t chan%e from

full open ccnuhqq%ﬂ1th§ ERIAYe’ ?rﬁ?fﬂ?gﬁi§%gltBnCEBﬂﬁﬁEtEh%; ?gecﬁﬁses
the valve (?‘%% %ﬁ@nQLPfgngérwéx 1 %ﬁa% pa&geersidﬁ JHQ% sﬁge si gnal

on lines 9 ninterruptio ahgeS Iy open

si gnal on cmc&&m&e&%raadt%%ig% Cﬁte%‘h%‘ﬁ@ byexakaeop% tdrﬁréhS' gnal
nmonitor 88 in the surface unit 25 which deenerglzes the relay coil 85 and
dlSconnectSlﬂﬁunnmgﬂsaSEeAEDOomersfqnam<b&bb6naﬁct6rs 2GaZth-26b However,
the single phase 60 Hz sxgnal on those two conductors 26a and 26b
'by which it is replaced is also rectified by the bridge 91,
_ passed through the filter/regulator 92 and coupled to the sole-
— ‘noid coil 54 via lines 71 and 72. The filter/regulator 92 serves
to regulate the current supplied to the solenoid coil 54, for
example, to approximately 2 amps at aboat 6 volts, a typical
holding current for suchlsolenoids..
| "If the valve position sensor 74 detects that the valve 42 has
zecarted'to change from fdll open condition,.a change in the
Signal on conductors 73 and 79 causes the valve positioa signal
sending unit 94 to change or znterrupt the signal on lines 95 and
96. An lnterruptxon or distinct change in the valve open signal
on conductors 26b and 26¢ is‘detected by valve position signal

mon1tor 88 in the surface unlt 25 which deenergizes the relay

.'coxl 85 and dxsconnects three phase AC power from cable 26 to



stop the punp notor 34 before the safety valve 42 cl oses and causes punp
damage. When the valve position signal nonitor 88 interrupts current to
the relay coil 85, it also sends a signal on conductors 89 and 90 to o »
actuate the power interrupt relay 80 which prevents voltage frombeing .=
reconnected to the high fre- quency generator 86 and recl osing of valve. ..
sol enoid 54 until the interrupt relay 80 is reset. Referrihg nowto Fig. 5

there is shoy theblpRmb SbBGEaTR oseﬁ&elefer @%tfle‘t? ¢aPedl iZ1desPling
el ectrically operat ed punp and safety val ve: sysi-em constructed : n:

accor dancecaiises pasp damageon. Whentthe valivediposition! yigmel fucrdtepcysgof AC
power is enployed to both control the sol enoid operated safety valve and
drive the infeFrwpts: curKeat b‘ha%be 60eday AoidofiSy £t absmewandP lay sigoshtrol
relay 70 |ocated at the _surf Upon actuation, the, rel ay 70 connects

three phad® @G“%?%ﬂerﬁoa?hén h?%et%cﬁﬁﬁ}b’tt@r &her DONET of BEQTTURY redBye896
| eadi d | | d t.h bl e 26 ed.ta th

domhol e SR Srevtls, Pt etle S RetolRepied o O aor Eehiyre
phase AC ngswctyfh @@%&Qeoeabkeaaé iécf&}&w{f%ft QaibE kBPé'x‘.i%{H sﬁr 'uqu‘il the

rectifier € output DC power .fr ch.is connecte
f|Iter/regmhﬁkemeZzaudytbe pgmeéssupply 93. Filtered and regulated DC

power fromthe unit 92 is connected via |eads 71 and 72 to supply actuation
current to th@eferrzgg now to Fxg. 5 there 1s shown a block diagram of an
alternatxve embodlment of an electr1cally operated pump and safety
valve system constructed in accordance wzth the 1nventzon. In
this embodlment only one frequency of ac power ls_employed to bothi;)
control'the'solenoid operated safety valve and drlve_the-punp
motor. | | - '
Three phase 60 Hz AC power Ls.connected by a control relay
70 located at the surface. Upon actuatlon, the relay 70 connects
three phase Go_dz AC to the three conductors of the_electrxcal
cable 26 leading downhole. The lower end of the cable_26 is con-
nected to the downhole electronic section 43 and to a pump
control switch 60. Single phase Ac.power from.the cable 26 is
coupled to the input of brxdge rect;fxer 91, the output DC power
.from whxch is connected to the fxlter/regulator 92 and the power NS

supply 93 Filtered and regulated DC power from the unxt 92 is

connected via leads 71 and 72 to supply actuatxon current to the



“wi ndi ng- of the solenoid 54 operating the safety valve. The power supply 93
furni shes operating current for the valve positi-on signal sending unit 94,
the input of which is connected to the valve position sensor 74. The val ve
Qgiition sendi pg unit output signal is ggnanected to the punp control swtch
60" whi ch connects three phase AC current fromthe cable 26 to the punp

mot or. 34. \Wen the'control relay 70 is initially actuated, three phase 60
~Hz AC power froma source is-applied to the surface end of the three
conduct or downhol e cabl e 26, The punp notor. 34 does not start because the
punp cont r elin@dingCBE60hé Ssolensd iR tsAd coerhBL RGN tid dd¥ethy QW10 . CUPKEPYower
thereto. Single phase AC power through the bridge rectifier 91 and current
on | eads 7Buppdy723ffornishen agaratdingt kerfeht efdr egid MadvedRospriat e t he
sol enoid 54 to open the safety valve. \Wen the valve becones fully open
that condi t§igfals sgadied eipdly A Fdepdaputont semieh im canertpdotiacks a
signal on legds 73 apd 79 to the val position sjgnal sending upnjt 94.

The out put “BJRaPOBACLIPREISRRCE, 14 06 TS PRAVEURRS LEARR GEPERPECRREE QUERNSS
it to operay; - ¢lLosgEn { NGk A 0 L hreanp ﬁﬁygg
fromthe d?x ﬁtgﬁquagﬁgagtgt% ﬁghﬁu%gmgoggggé%i. h&,&r%yhrrg\?egg%?hégot e s
posi tion ofthree phhee A0 cuPRAIAifRbmdIenehehB1E 286100 \WHe' DulpOiibaot U4, open
condition is detected by sensor 74 causing valve position signal sending
unit 94 to ef f #bent hbeopentrml ofelialye 70uip tonitizllywictmated,atbree gphase

- 23- : _ : : '
60 Hz AC power from a source is applied to the surface end of the

"thrée conductor doﬁnhole cable 26. -The pump motor 34 déeslnot '
“'start because the pump control switch 60 is unactuated to
interrupt thé flow of chrfent_thereto. single phase AC power -
through the tridge rectifier 91 and current on leads 71 and 72
from the output of the filter/regulator 92 operate the solenoid
"Si'to7open the safetf,Vélve. When the valve'becomes.fully'open
that'pondition'is detected'by valve position sensor 74 which
prcduCes'a signal on leads 73 and 79 to the valve position signal
sending unit 94. The output signal on line§ 95 and 96 to the
pump control switch 60 céuées it to operate to close the.circuit
and connect ﬁhesthfee phase Aé'power from the downhole cable 26
\_ : té'tﬁé pump motor 34. Any movement of the positidn of the sole-
noid operated downhole safety valve from a full open condition is
' detected by sensor 74 causing valve ﬁosition signal sending unit

94 to effect the opening of the pump control switch 60 and stop



the punp notor 34. Thus, opening of the control relay 70 at the surface
woul d interrupt current to the rectifier 91 causing deactuation of the
solenoid 74 to close the safety valve and stop the punp notor 34. The
system and/ or the sol enoid operated safety valve may al so be etui pped mnth
ot her energency condition sensors such %ds =t hose whi ch detect wel I head -
damage, a sudden dangerous increase in_pro- _duction pressure or ot her

condltlon$hnepéaslmat¢ﬁg3%r(ﬂTﬁﬂﬂ«;qyﬁnﬁﬁS Qfif ke ceptrel relay §8n§5r%h%ould
o e o, LB AR 4 S o, e s 2 B 7

punp not o eno| oper a doul d act
directly t.ethgeiof! 88UERe Osfol[é}%ﬁlafﬁt ¥oValyBel £1$@I dafnd taanebungayesp t he

control systemto shut itself down as described above. Referring now to
FIG 6, thaeepufpsheveraddl ow di agram of the operation of one aspect of the.
system of ‘the present invention. The flow chart describes the operation in
ternms of the Theguepstenfandion stifeldodwinpddt hpesated wafptoh wlvenaaysgisem
First, as shown at- 101 switching on the surface unit of the s

acti vat es beheanéppeds with %ﬁﬁﬂﬁnﬁqﬁﬁﬁﬁﬂﬁgnFQ“ lﬁk?? s%ﬂ??ﬁﬁlﬁﬂénaﬁédtg?siOZ
hi gh f d, f h h 6
i nes 523%&‘2@5@% Re BB hdnalh,; B sllodln BERYERGYs SIS/ 1A0pEG-1 0

i gh {1 ealeney oo §§eggar5ua:t@ewr&m&%ngfmgagsmamgﬂagmuormeease of
t he AC cm

the safety valve,. Such sensors could provrde an output srgnal to
operate the power 1nterrupt relay 80 to stop pump motor 34 and
close the solenoxd operated safety_valve_qz_qr could act directly
to effect closureqof the_safety valve itself:ane.thereby.cause
the control systen to shut.ltself down as described above.
Referrinq now-to.FIG. 6, there is shown a-flow_diagran of the

operation of one asoect of the system of the present invention.

' The flow chart descrlbes the operatron 1n terms of the sequence
of events followrng the sw1tch1ng on of the sgmtem, Frrst, as
.shown at 101 sthchlng on the surface unit of the system_
actlvates the rest of the system components. Next, as_
111ustrated at 102, hlgh frequency power is applled from the hlgh
frequency generator 86 to two 11nes 26a and 26b of the downhole
cable 26.. As illustrated at 103, the hxgh frequency does not run

-.the pump motor 34 due to the hrgh xmpedence of the AC coll within



‘the punp nmotor 34. Nevertheless, at 104 the high frequency AC power sent
~downhole is rectified to DC and regulated in the downhole el ectronic
section 43 and full DC power is applied through the filter/regulator 92 to
‘operate the. solenoid coil 94 over the_lgads 71 and 72 as illustrated at

105" In the next step, at 106, the downhol € el ectronics section 43 returns

a signal frey@ plifpVab¥er POE! t INIVereheResd s at N{PHAhd Qg\éal'ﬂgﬁgglzé%;ﬁ]e 26

signal sending unit 95, and.:via lines 26a.and 26c¢:of: -t down

t o indi cat powee spah doenlokd isharestlifiedots DPeaind akgudheed ¥Yal wge At 107,
the surface €l ectronics 25 nonitors the valve position signal on |ines 26b
and 26¢c an@oFRBoYg| eLeghrenic sesitdnal 43vand ofulds O powdes isnapplped si gnal

to the wn 8 1 5| ay 75.. At 108, th lay 75 within th -
foce ol oot BAPUSR, Fhe EOEE Beoblasor,od ohe srerata Shen el eneifoserl B « he
cont act s 81yeB2eARch ad 07U 2! LC81 PhASE A RAVGIsA a | ower frequency,

such as 60 Hz to the cable 26. e three phase power "com ng fromthe

sour ce t hroughrhhenk nh&kt Wileg,claty 188, 20Kk t dw i@ 1S c8Eon8Rs 2868 33
t hen conducted down the three conductors 26a, 26b, and 26¢c of the downhol e

cabl e 26 t aeporms ahgignalp frenothddvalhie Podiiic sénisves 74 het REeTgHS abre
tions 37 and 39 to punp hydrocarbons fromw thin the ‘casi ng back up the
tubi ng 17 valyerpegttigmesigmalheesdéhgcorninias semid siadliakso26acdnd 262 t he
| ower frqugngxeSégg%é%fﬁ“ﬁgiiéczgntLiQ§§i§§E2 éﬂﬂDJginnﬁggieoiftﬁﬁérﬁzi;-
. 'noid operated safety valve. At 107, the surface electfonicslzs
mbhitors the valve position signai on lines 265 aﬁd 26c and the
/ _' .valve position signal monitor 88 provides an output signal to the
R winding 85 of the relay 75.. At 108, the relay 75 within the éﬁré
féce electfonic unit 25 operates to switch the three phase AC |
power on the contacts 81, 82 and 83 to supply three phase AC
pbwer at a lower freéuency, such as 60 Hz to the cable 26. The
~ three phésé power coming ffdm the source through the interrupi
‘relay 80 and tﬁé contacts 81, 82 and 83 is then conducted down
the three conductors 26a, 26b, and 26c of the downhole cable 26
'td power the pump motor 34. The mbtof 34 drives the pump sec-
tions 37 and 39 to pump hydrocarbons from within the casing back
up the tubing 17 to surface. | |

The downhole eleétronic sectioh_43 also rectifies the lower

frequency single phase AC on lines 26a, 26b by means of the rec-



-25- tifier 91 and the filter/regulator 92 to supply a | ower value hold

open current on the lines 71 and 72 to the solenoid coil 54. Thus, the

sol enoi d operated safety valve 42 is held in the open position while the

punp is in operation. The holding current produced by rectifykng t.he | oner~
frequency ACis illustrated at 109. =5 10 of the flow chart, it is = -7
illustrated that the valve position is contlnuously nDnltored by the val ve

position.ge %Qr9z4aﬂadth£'ufi’ﬂé’:e/n%%lta't99 §b998 =dEp g@vtqvvt V418L the

down hol e el ectronics nod I'n t he event a e star s to

cl ose fohoddyopenselrrént exANY A ings ur yRpli on 06 the sIuNia iceilhss.
cable, interruption of a pressure sensor in the uphole device, -or ‘@ rapid
|ncreaseThRSﬁI@hﬁraobeuhxdnmpanduaduﬂafetythaiveha2995|heldﬂnnaﬂh@ndpénon
fromfull open toward cl:osed is detected uphole. The punp is then

i medi at @Pgishar vhileythe Pump s g-inz&PPG’ﬁté)P“t- heTkei hol¥ing quyaept| ay 75

t th ts 81 d 83 he rel d, di t th
phase poREPIRFBh PRot BEREE ARG hes LoNR=opEPaPEnEkeRE ot b P GFAtaY 88 1o

shut _dowgobhe gYS§ef of e | £14 LG ¢ sege B9 I pYRLER Blad REPLRERD!

i nventi o over CONES. t tles i‘nAer-ent | o syste
viding pg¥ehtisd anééﬂtlﬂlMys nﬁlrﬁ@ﬂ;r@dstQLEeC@Qi& V%ﬁ*tx'o% 'é@ﬁgoi'o

supply both the operating power needs of the punp notor as well as the
current ﬂQCaﬁdatyetﬁaB@éL@ﬁéﬁﬁﬂﬁhSiﬂgaﬂQldeﬁalﬁg unit 94 of the down hole
electronics module 43. 1In the event that the valve starts to
close for any reason, for example, 1nterruptlon of the szgnals in
the cable, rnterruptxon of a pressure sensor in the uphole _ _ (_)
device, or a rapid.increase in flow rate through the valve, this |
change in valve condltlon from full open toward closed Ls
detected uphole. The pump is then 1mmed1ately shut off by the
deenergization of the coxl.ss of the relay 75 to move the con-
tacts 81, 82 and 83hof the relay and disconnect three ohase power
from the pump notor 34 and operate the interrupt relay 80 to shut
down the system.. |
Thns it.can be seen how the syetemiof the present invention
overcomes the difficulties inherent in the_prior.system by pro-
viding power and control signals along_a'single.cable_which is \g)'
used to supply both the operating power needs of the.pump_motor

as well as the current necessary to actuate the solenoid at a



» JMe(B0788 - 26 - relatively high current value for
swi tching the solenoid and at a | opwer ‘sol'enoi.d hol di ng current val ue and,
at the sane time, con- tinuously nonitor the condition of the valve.
*CLAIMS 1. + A subnersible punp and sol enoi d operated safety val ve
Syétemf(ﬂMQQ&D?&ﬁa borehol e, conprisirng® a submersible punp driven by an
el ectric notor '‘posttioned down in a borehole and connected to conduit neans.
to producselativel pfhigh | clhtteds walhenfbbeshotehahg taearsdlidm idldmrat a
sol enoi d operated safety vélve connected to interrupt the flow of well
fluids tdwewer t$elenpidickoldingsponsentovaheei andr,r apt ithe creurtian, tapnt-he
sol enoi d hol-ding said safety valve in an open condition; a surface control
unit; a dovmimislyomnbtornthe pognditbihed déwbhin vaigebor ehol e and connect ed
to said surface control unit and to the notor of said punp by neans of an
el ectrical cable; means for supplying AC el ectrical power from said surface
unit down' the conductors of said cable; and neans nounted within said
downhol e control unit for providing -electric current for operating said
sol enoid to open said safety val ve.



2. A subnersi bl e punmp and sol enoi d operated safety val ve for use in
a borehole as set forth in claim1 which also includes: neans responsive to

said safety valve being in an open'con%%#égn for _ ver-: t 0 thgm .
not or of said punp. 3. A sub I'bl e pu d o 'e_'r-a_t:_.:_ed [
safety valve for use in a borehole as set forth Imﬂ w, ﬁﬂﬂmﬁw 2w
wherein: said subnersible punp is connected to the L Cpy g string

ext endi ng frontng rface down the borehole. 4. _ A submer si bl'e punp

and sol enoi d-ﬁpe-l—a%-%%—saf ety valve for use in a borehole or set forthin

claim 3 whergin: said sol i d. ra saf ety val ve js - connected between
the outl g]{ of “sai d sub%efsg%gjgsg%ﬁg gﬁ%ﬂ %é’% o | %’td i?%e.sre%‘i?i :asgtljf)??ﬁ\ol .
subnersi bl e agdssele erse Sl oval g . 0T ol e
as set forthgggpgnggone o?ﬂcl g%%sll tobzﬁj\ﬁner éel’n:eloé‘zflI%Srrlléha%'s mounted within

sai d downhol e control WnisubRle®@didae Pard) Axtivieh B 'HlefltLRERILNY Sai d
sol enoid and includes a rectifier. _
positioned down in a borehole and connected to conduit
means to producé a flow of well fluids within the borehole
toward the surface;

a solenoid operated safety valve connected.to
interrupt the flow of well fluids toward the sﬁrface_in
résponse to the interruption of current to the solenoid
holding said safety valve in an open condition;

a surface control unit;

a downhole control unit positioned down in the -
borehole and connected to said surface control unit and to
the motor of said pump by means of an electrical cable:

means for supplying AC electrical powér froﬁ séid
surface unit down the conductors of said cable: andl

means mounted within said'downhole control unit

for providing electric current for operating said solenoid

to open said safety valve. , o/

2. - A submersible.puﬁp and solenoid operated safety3
valve for use in a borehole as set forth in claim 1 which
also includes:

means responsive to said_safety'valve being in an
open condition for connecting AC power to the motor of said

pump.



6. . A submersi bl e punp and sol enoi d operat ed safety val ve systemas
set forth in claim5, wherein: the AC electrical powe

-, cable by said surface control unit includes current he”'mn Mﬂim ?ug
deferent f.requenci es, the: hlgher frequenc ei ng suffixi ent be

ﬁﬁapable of operating said punp notor wi ‘Belng capabl e of prOV|d|ng
suf fici ent 29 current afte{?§ect|f|cat ate sai éen0|d to

move said saf®ty val ve r SHPIEF EPLS CPYIR PR nﬁ?igﬁﬁf‘?r CBeYR}TE
condi tion andvéf@é'?@@ ééeggegg%?€%+§gecgga§g@ ?ér??tfnqgf fg §a|d punp

not or and prOV|d|ng 2uf Y73 ent I Ng curren rec |ca ron to
retain sald .said safety valve in a fully open condition.
7. ner5|b e punp and sol enoi d operated safety valve as set

forth in Cl al m 6 which 34$@ babheHesh18 peMp PES Scobhhébted ObHeehEdeR@t ¥EEN
said safety val ve responsive nmeans for connecting AC power to the notor of

sai d punp anda sthbinigt etringr€ktending r £6oém othé heuhfgberddwratracy to
ensure that said notor is not operated thereby. 8. A submersi bl e’
punp and sol dmorehober at ed safety val ve systemas set forth-in claim6 or
claim7 which al so
4. A submersible pump and solenoid opeiéted safety
valve for use in a borehole or set forth in claim 3
wherein:
i/, _ said solenoid operated safety valve is connected

between the outlet of said submersible pump and the tubing

string.

5. A submersible pump and solenoid operated safety
valve for use in a borehole as set forth in any one of
claims 1 to 4 wherein: |

said means mounted within said downhole control
unit provides DC electric current for operating said

solenoid and includes a rectifier.

6. A submersible pump and solenoid operated safety
valve system as set forth in claim 5, wherein:
the-AC electrical power supplied to said cable by
‘said surface cgntrol unit includes current having at least
two different frequencies, the higher frequency being
.sufficiently high to be incapable of operating said pump

motor while being dapable of providing sufficient DC



I ncl udes: means within said downhole control unit_responsive to said safety
valve being in a fully open condition for sending a full open signal up

said cable to said surface control unit. 9. ﬂ '"I Igp and -
sol enoi d operated safety val ve system as set forth““lm Wmu mm in sai g
surface control wunit, includes: swtchi ans for *sefecti vl y® cdnnecting

t he .-30- conductors of said cable to either-said higher frequency power

or said | onerutrregtepdtepowectificaddmrr dlo wpers teo s eblienaial dco _

swi tching nmeans and being responsive to. initial operation of the systemto

sel ect its cBANEcERAA sefely Wediver fmosygefal lyowdioses swndlidisire tmda bei ng
responsive tq the presence qof a full_ open _signal fromsaid downhol e control

unit to sel efB1l¥sOPERANEONAdHion ARE [thife L oWeE FERANaNTHe PaING Fapakis e.
10. A sybpersibl e and .sol enoi d erated safety val ve system as
set forth | nog ggﬁf'g?pﬁﬁ%%«g?ﬁ Sgddy pumR §‘°%%ﬁpﬁ"§e§r§c‘”1‘déé§ SHridelent

el ectrical cgpd W s\, t chi hei ng adapt.ed .to .connect the
hi gher- frequggcgig%g%ég Fg)ﬁg Fkl%r étwtﬁgrf%t%%%té rrl‘d%& (ﬁeg:,a F¥$hond to
the full opegogifBih AB1AiRGCRAda safety valve in a fully open

condition.

7. - A submersible pump'ahd_solehoid opefated safety
valve as set forth in claim 6 which also includes:

a low pass filter connected between said safety o/
valve responsive means for connecting AC'pbwer to the motor |
of said pump and said motor to reject current of the higher
frequency to ensure that said motor is ﬁot operated

thereby.

8. A submersible pump and solenoid 6perated éafety
valve system as set forth in claim 6 or claim 7 which also
includes:

means within said downhole control unit
responsive to said safety valve being in a fully open
‘condition for sending a full open signal up said cable to

said surface control unit.

9. L A submersible pump and solenoid opefated safety
valve system as set forth in claim 8, wherein said surface
control unit, includes:

switching means for selectively connecting the



*pair of said conductors, and to connect the | ower frequené;-BBEE?‘FB"ETT—

three of said conductors. 11.. A subnersi bl e punp '

operated safety valve systemas set forth in claim 10Mﬂm,ﬂmnﬂu#dmy
*val ve condition*responsivesneans conpriseg: a valve. positidn senSors
Corfmected to said safety valve for proddc ﬁhran out put signal when said
valve is in-a full -open condition; a valve position signal sending unit
havi ng an i npeRnduritees caf t 3aidccallputo opither saidchpgheri fnequanoy and
an out put connected to the second pair of conductors_of said cable _ '
for.generati rRPYEF PY TpLH 1eyenl FXRAUENGY POYRRULRRSrs upon receipt of an
out put signal fromsaid seﬂs%i. 12. A %ybnersigie pqu and sol enoi d
operating safety val ve SORTERt fUSWRF FOPRACTRC cFQi FR1d SHEFER1PIaPR2DE ve
position sensor.i,ncl ude | effec e, 13, - ubpersi bl e punp
and sol enoid 9 der%?ll'?é éea. %@é’\‘/‘gvjégs{'@?g#%sc’%ee?a#o rt’hc'lf 'r?t%? als%S!%L mogo

cl ai m 12 wherglfbdpes CoNLhe 8k LDAO RN ULESAAP LOhelNED said

I ncludes: a valve position signal nonitor I ng an outp onnected to

sai d swi t chi neapERNSnd e iR Ute SHENELTE Jed Ocliai fresennd dRi 4 Bh1E0BgERL Or' S
in said cable and being

signal from said downhole control unit to select its

connection of the lowér frequency power to said cable.

10. A submefsible pﬁmp.and solencid operated safety
L valve system as set forth in claim 9, wherein: |
said cable comprises at least three electrical
_ conductors with the éwitching means being adapted to
‘connect the higher fregquency power to a first pair of said
conductors, to respond to the full open signal on a second
pair of said conductors, and to connect the lower frequency

power to all three of said conductors.

11. A submersible pump and solenoid operated safety
valve system as set forth_in claim 10 wherein said safety
valve condition responsive means comprises:
a valve position sensor connected to said safety
.valve for producing an output signal when séid valve is in
a fuil'open condition; .
a vaive posifion signal sending unit having an
input connected to the output of said vaive position sensor
. and an output connected to the-second pair of conductors of

said cable for. generating a full open signal on said

— p—



responsive to a full open signal on said conductors to cause said swtch
nmeans to connect the | ower frequency power to all three conductors of said
cable. 14. A subnersi bl e punp and sol enoi d ' ﬂ“ﬁnunvalve .
systemas set forth in claim 13 wherein the svmtcmmmlll-mw id ;
surface control unit includes: a high LyZguency power€generfat ér Raving an~"

out put connected to the first pair of conductors of said cable; nmeans for
connect i on orAwBEIE Worl Aedd AIIBE YarhOWENEE ; s Bghal PEeoRosgidoubl e
throw rel ay having an actuation coil and three noveable contacts in
el ectrical eseyegeanent with a first contact set-'when the relay is * C
L M S unactuated and a second contact set when the relay is
actuated by current through the actuation coil, the noveabl e contacts being
connected tqo _said neans fqQr connection to a_source of Iom1frequenc¥ gC

Ay

pover; and d&i-d first SHRRATSRIHRURP MhRI RN SePRFItine 8 |

t to sai,d high frequency power. generator, said second ¢cgntact set .
ggr Lgncpnnec‘,’la&a’et &%’;ﬁ'ﬁeﬂ[ ese}c/%%ﬁvb?’s“ cﬁf%’a{? dnza"btP%re dS3F dvatyeati on
coi | being g)%%g.‘ec(é_t endpstoe;){‘stor}eei?l;c%ﬁg esgf%ﬁ_g%]% veea%yeec@o&é‘t,igerl._ Si gnali monitor to

actuat e sai u rec

| 13. A submersible pump and solenoid operating safety
valve system as sgt forth in claim 11 or claim 12 wherein
the control means within said surface control unit
includes: _ ' : | S , K—)
a valve position signal monitor having an output
connected to said switching means,.an input connected to
said second pair of conductors in said cable and being
responsive -to a full open signal Oﬁ éaid conductors to
cause said switch means to connect the lower frequency

power to all three conductors of said cable.

14. . A submersible pump and solenoid operating safety
valve system as set forth in claim 13 wherein the switch
means within said surface control unit includes:

a high frequency power generator having an output
-cbnnected to the first pair of conductors of said cable;

means for connection of a soufce of low frequency
- AC power:; |

a triple-pole double throw reiay having an
actuafion coil and three moveable contacts in electrical

engagement with a first contact set when the relay is



*therefrom 15. A subnersrbIeruﬁﬁ:and sol enoi d -operating safety val ve

systemas set forth in claim 14 wherein: -said nmeans for connection to a

source of |ow frequency AC power ihcludes a’three pol ﬂlﬂlﬁnnmmlﬂmﬁm
"bei ng respaonsive to a signal fromsaid 8 position

i'wefi cative of the absence of a val ve full open signal oh the'sefond pair of
conductors of said-cable to interrupt the flow of |ower frequency AC power
to sai d swt tRetHeEed 27d a3t RCONME PONPREBteRt Wien the relaybhersible
punp and sol eroj d q§$rated§safety val ve system as:set forth in any one of

clains 6 to RFWRIET PY SRR htPTRUIRNEYS RGETATLOR Gt pHaSe and has a
frequency on | b, ordorcol 40047 AN, el LOVES {4 CMER e RRUSEGLS I ee

phase and hasm%v??equen y On The or A-Zont r ol

system for syphl vi0g; HOWES 5058%1%@@%%&%'%%@??0%03#%‘?2@9; dyQgerated

safety valve in-a petrol eum production we _ I'n"a borehol e
.conprising: nmeans nmountgaliav £ik-8t ScSHEAGE Cs&ONbé Dhg UBbhndeted etECEUNBLY

supplying electric power at a pair of different operating frequencies, the
'Iomer f r equenrsper@vbiig béufigent to said high frequency power generator,
- said second contact set being éonnécted to all three
conductérs of said cable,_and said actuation coil being
cdﬁnected to the output of said valve position signal

monitor to actuate said relay upon réceipt of a signal

therefrom.

_15. o A submersible pump and solenoid operating safefy
valvé.system as set forth in claim 14 wherein:

| said means for connection to a source of low
frequency AC power iﬁcludes a three pole interrupt relay
being responsive to a.signa;_from'said valve position

_ signal monitor indicative of the absence of a valve full

.6pen sigﬁé; on the second pair of conductors of said cable
_to interrupt the.flqw of lower frequency AC power to said

switching means and stop the pump motor.

 1§. A submersible pump and solenoid operated safety -
valve system as set férth in any one of claims 6 to 10
wherein:

éaid high frequency power is single phase and has
a frequency on the order of 400Hz and said lower frequency

' power is three phase and has a frequency on the order of



capable of driving a notor for said punp and the higher frequency power
bei ng i ncapabl e of driving said notor for said punp; a downhole control

uni t including nmeans responsive to said higher frequency pover, for

actuating a solenoid to open said safety val ve and Tesponsive Lu Lhc,openfff

condition of said safety valve to producs gF§—S|gnal nterconnecti+tg -
said surface control unit and said downhol e control“M mﬁ Hu |ng
power at botdpg# equenci es downhol e and conducting a

-indicative of the open or closed condition of said safety valve and neans
in said surface control unit for first connecting the higher frequency
power to said cable and then, in response to a valve open condition signal,
connecting tXe. | oner fkeqmmmmqlpsmetemofealdupabYéngopdweretbhe mot or for
said punp. 18. A control systemas set forth in claim17 wherein

-34- sai d peawhmexsikete i pymprand 2 sebeneid soparatedhsafetyquadve power

fromsaid cabl'e and connecting the | ower frequency power to said cable. 19. -
A control s%ﬁ‘éﬁ’ﬁm&r‘?‘&“t’ ‘P‘h weht n?‘i‘?PB‘Ft%‘P’am% Ripnher kprehole

comprising.

means mounted within a surface control unit for
- selectively supplying electric powef at a pair of different
operating freqﬁehCiés, the lower fréquencypppwef"being
capable of driving a motor for said pump and'the higher
frequency power being incapable of driving said motor for | S‘J
said pump:; | | |
a downhole control unit including means
responsive to said higher frequency power for'éctuating a
solenoid to open said safety valve'and responsive to the
open condition of said safety valve to produce a signal;
a cable interconnecting said surface control unit
and said downhole control unit for cohddcting power at both
-frequencies downhole and cohducting a'signal uphole
indicative of the open or closed Cdndition of said safety | #;)
valve; and
means in said surface control unit for first
connecting the higher frequency power to said cable and
then, in response to a valve open condition signal,
connecting the lower frequency power to said cable to drive

the motor for said pump.

18. . A control system as set forth in claim 17 wherein



*sai d downhol
fromsaid hi
val ve fromc

e control unit includes a rectifier for produci ng DC current

aid

on requency pover 1o actuate the soleno, dNHMAHINGILS,

*low frequency power to actuate the solenoiﬁ to hold sail saf étyMvabver i n

opén condit i
said surface

i nterruption SHLd ROWRN \ROMIRGE N deans dispanneqls. ithedrighemg the | ower
frequency power to said cable and St9£1

A control sy
responsi ve t
i nterrupting
control syst

cable includes at |least three electrical conductors, the single phase high

frequency
of conduct or
being applie

and the thre

on. 20. A control sys
control unit ‘al so includes: nmeans responsive to an

oppin
FrEAURNSRPIRT HETM Faiih AP IHiae gapesidng dd
g..an interruption of the valve open condition signal for
SRR BT h\ﬁﬁa%‘i %%f]t?’surface control unit. 22. -

emas set forth in any one of clains 17 to 21 wherein said

set forth in claim19 wherein

‘the notor driving said punp. 21.

A

9. C A conftol system PRIt DRIAG AP drdd gli'ﬁ_éert pair

s by the surface control unit, the valve open con

e phase | ow frequency power being
- said downhole control unit includes a rectifier

for producing DC current from said high frequency power to
adtuate the solenoid to move said safety valve from closed
to opén condition and for prbducing DC current from said

low frequency power to'actuaté the solenoid to hold said

'safety valve in open condition.

20. A control system as set forth in claim 19 wherein

said surface control unit also includes:

means responsive to an interruption of the valve

" open condition signal for interruptihg the lower frequency

pover to said cable and stopping the motor driving said

pump.

21. A control system as set forth in claim 20 which
also includes means responsive to an interruption of the

valve open cohdition signai’for ihterrupting all electrical

- power to said surface control unit.

22. ' A control system as set forth in any one of

claims 17 to 21 wherein said cable includes at least three

"electrical conductors, the'single phase high frequency

tion signal
Glsim 1L GHEkaiaisy of conductors by the downhole control unit



applied to all three conductors by the surface control unit. 23. A
control systemas set forth in any one of clains .said
| ower frequency power is three phase with a frequeEﬁﬁlon t he order :0f - 60Hz

and the higher frequency power is single phase wt
order of 400Hz. 24. In a control and power
control ling the operation of a subnersibl 85punp and sof enoi & ofer 4t ed
safety val ve systemof the type including a surface control unit for

suppl yi ng ACpeiwest hedaig pppdiied to catfirsixipaid mf copdut ot hnethet or
driving said pu and to said solenoid operating said safety valve, in.
conmbi nati on ShEEARS IForE sy sirdik .c JhS iva g @%M@iﬁht#@nmlheim
connection of the cable fromthe surface unit including nmeans for_producing
current to alPRAied o %I%W Rt s r‘iﬂnd(“r@q}'rﬁermhd:’lﬁ downhekety val ve

and neans for conn Ctbﬁ% rren to t notor to drive trma¢% when t he
safety val ve SPQ (ﬁﬁﬂﬁ § HP STRIUENGY POYRT | DR1RD 4

the safety 35%93“1@24 %5 ??rleln"%horr ger?glrd%[%érég}% 1 e SRR AR O 1

be connunicahﬁQQf)the surface control unit by neans of the

23. A control.system es eet forth in any one of

claims 17 to 22 wherein said lower frecuencg power is three
phase with a frequency on the order of GQHz and the higher | W
frequency power is single phase with a frequency on the |

order of 400Hz.

24, In.a controcl and power supply system for
ccntrolling_the'cperation of e_submersible pump and
" solenoid operated safety valve syetem of the type including -
a surface ccntrol unit for SQpplying AC electrical power.to
a cabie extending downhole to the motor driving said pump
and to said solenoid operating said safety valve, in
combination therewith the system comprising:

| a downhole control unit for connection of the
cable from the surface unit including means for producing
current to actuate the solenoid and control the opening-of
the safety valve and means for connecting AC current to the

‘motor to drive the pump when the_safety valve is open.

25. The combination as set forth in claim 24 wherein

said downhole control unit also includes:

L)

it~



‘cabl e. 26. The conbination as set forth in-clai
wherein the sol enoid current produc1ng means i ncl uded in_said domnhole
Jcont rol unit conprises a rectifier whichis f esponsi ve m ﬂuﬂ’m, llnm
power having a frequency greater than that which wll ﬂ I
notor to produce DC current to initially o@érate the solen0|d to' oﬁen*the
safety val ve before the punp notor is turned on-as well as responsive to a
| oner frequency which omemseyetsm@rmm st dthe cafsty tvad e hedgigl epstruat ed
and the safety val ve in an open condition while the" I s _operating. 27.

A net hod for @FpOENRFISRs q@@%%qﬁgv&,@%rg tHkéhoi d operat ed

(S:g];rgws:/ﬁlgvesl n a %a&%ﬂg‘ﬁpﬁ%ct |r£a(well corrE)l et Iiﬁ: Py Sthl n a%%rﬁ hol e,

unit at a pail fy different operating frequenC|es t he | ower frequency
power bei.ng céﬁgb e -of driving a notor for said punp and the higher
frequency power being incapable of driving said nmotor for said punp;
actuating a solenoid in response to said higher frequency power with a
downhol e conthgl, unit t@HDYUbMAINASYrElAs \CtY ot AU id1G 18 DO dlrhim
response to the open condition of said safety valve wth a downhol e
control 25 wherein the solenoid current producing means included in

said downhble control unit comprises a rectifier which is
responsive to AC electrical power having a frequency
greater than that which will operate the'pumb motor to

| _ produce DC current to initially operate the solenoid to
openfthe safety valve before-the pump motor is turned on as
well as responsive to a lower frequency which operates the
pump motor to hold the solenoid actuated and the safety

valve in an open condition while the pump is operating.

27. A method forlsupplying power to a submersible
pump and a solenoid operated safety Qalve in a petroleum
production Qell completion within a borehole, comprising:
selectively supplying electric power with a.
surfaée cohtrol_unit at a pair of different operating
frequencies, the lower frequency power being capable of
. driving a motor for said pump and the higher frequency
.power being incapable of driving said motor for said pump:
.actuating a solenoid in response to said higher
frequency power with a downhgle contrcl unit to open said
" safety wvalve;

producing a signal in response to the open



unit; providing a cable interconnecting said surface control unit and said
downhol e control unit for conducting power at both frequencies downhol e and

conducting a signal uphole indicative of the open JYatY ition of v
said safety valve; and first connecting the hi gherrm Mi (Nlﬁ _ Lto.s‘ai d‘:;,
cable with the surface control uniit and_t I n respense 4di've open *
condition signal fromthe downhole control "unit, connecting the | ower

frequency povkdnd Otk to£ abd £d WabetPevalvé agetROat 88knHBLE Eentirbye t he
notor for said punp. 28. A nmethod as set forth in claim27 which al so
i ncl udes: di agovecti ng the hi gher frequency power fromsaid cable

simul taneously with connecting the |ower frequency power to said cable. 29.
A nethod as set forth iprevidimg7aocakblei ink8repnnecting sailludesface
produci ng DC current downhol e from said high frequency power to-actuate the
sol enoi d to mRntrel Rt 2pd \aid dewnheleseantvodpunitofigrt condusdingr
produci ng DC current downhole fromsaid_| ow frequency power to actuate_the
sol enoid to RAMPTAY RAFRt{reapercias ojewnietai apdntonducting a signal

uphole indicative of the open or closed condition 6f said
safety valve; and |
first'COnnecting the higher frequency power to
said cable with the surface control unit and then, in
response to a valve open condition sidnél'from the downhole
control unit, connecting the lower frequency ﬁoﬁer to said &‘)
.cable with the éurface control unit to drive,theimotér for

said pump.

. 28. A method as set forth in claim 27 which also
includes:
disconnecting the higher frequency power.from
éaid cable simultaneously with connecting the lower

frequency power to said cable.

29. A method as set forth in claim 27 or claim 28
which also includes::

producing DC current downhole from said high
frequency bowér to actuate the solenoid to move said safety
valve from closed to open condition and for producing DC
current downhole from said low freguency power to éctuaté

the solenoid to hold said safety valve in open condition.



-38- 30. A method as set forth in claim28 Mthh_aL§Q_LDELEQ?;:
interrupting the | ower frequency power to said cable and stopping e not or

driving said punp in response to an interruption Olfmnﬁ[uﬂﬂmlwmb )y /\
! | al so e
ont r«0

condition signal. 31. A nmethod as set forth J
i ncludes: interrupting all electrical po {0 sai d sirfhce’c unit in
response to the interruption of the val ve "0pen condition signal. 32.

A method as sejpforth i m aRyeKE® & Sbei fordl 19 SladheI®i khdh daLabl e
provi ded includes at |east “three electrical conductors, the single phase

hi gh frequencyimsmsdedei ng applied to a first pair of conductors by the
surface control unit, the valve open condition signal being applied to a
second pair of conduct orsntsriietingtize elowat r firequencyrpovde thrsaighase
| ow frequency power being applied to all three conductors by the surface
control unit. Gle and stoppirg the seetéonrdiniving rsatdhcoWnp cini pespgnse 32
wherein said | ower frequency power provided is three phase with a frequency
on the order df° AMARRETHREIPYHRE thetrkes FRFRCRIVEIRY $19R%hgl e
phase with a frequency on the order of 400Hz.

31. A method as set forth in claim 30 which also
includes:

. interrupting all electrical power to said surface
control unit in respénse to the interfuption of fhe valve

open condition signal.

32. . A method as set forth in any one of claims 27 to
31 whereinﬂsaid cable provided includes at leaét three

# ' electrical conductérs, the single phase high frequency
power being applied to a first pair of conductors by the
surface control unit, the valve open condition signal being
lapplied to a second pair of conductors by the downhole
control unit and the three phase low frequency power being
applied to all three conductors by the surface control | Y,

unit.

33. . A method as set forth in any one of claims 27 to
32 wherein said lower frequency power provided is three

phase with a frequency on the order of 60Hz and the higher
frequency pbwer provided is single phase with a frequency

on the order of 400Hz.



34. - A subnersi ble punp and sol enoi d operated safetry varve—system
constructed and arranged for use and operation substan as descri bed
herein with reference to the acconpanying draw ng. 35. ’@MM H"L

-system for supplying power to a subnersible punp and a d

‘sdf/e;y val ve constructed and arranged f eed¥se and operation substantlal ly
-as described heretn with reference to the acconpanyi ng draw ng. 36. A
control and Béver. supphy supaegsibde BHIDr @NGi Felemeidh operiadedofsatety
subner si bl'e punp and sol endi d operated safety valve system constructed and
arranged for Vad¥eafySEHEsy sonstragteds andy aryangede £O1 p&@ Receiapagation

reference to the accqnpan |ng raw A net od of supplyin
power to a sSHRhErephia ﬂ&scé'lg%dei?&r&’ﬂpé'r’%&' <£pf¥ g

erjg\?vlt ﬁg’t iall Xcggmgg in%e%rlg%ri | n with reference to t.he accorfpanyl ng

35 lA controi system for sdpplying power to a

submersible pump and a solenoid operated safety valve

constructed and arranged for use and operation.
_substantially_as.desqribed herein with reference to the

accompanying drawing.

36. A control and power supply system for controlling
the operation of a'submersible pump and. solenoid operated
safety valve system cepstructed and arranged for use and:
operatlon substantially as described herein with reference

to the accompanying drawing.

37. A method of supplylng power to a submersible pump
and a solenoid operated safety valve substantlally as
descrlbed herein with reference to the accompanying

drawing.




