| WELL CONTROL SYSTEM S5 Field of the Invention The invention relates t
wel | production control systens, and nore particularly, to an electrical?y

act uat ed downhole control aid nonitoring system 10 . Hlstory

of the Prior Art In the operation of petroleum production wells, it is
necessary to provide valves located within the product|032ea§?Bnent down in

a borehole for the control of various functions in the wall. For exanple, .
in the operation of a gas 15 lift well, it is necessary to
selectively introduce the flow of high press?re gas to the tubing of a well

in order to clear the accunul ated borehole flfuids fromw thi.n the well and
allow the flow of fluids from the prduction zone of the producing

formation _into the well tubing and to the surface for col | ection
Periodically, a mxture of oil and water collects in the bottom of the well
casing and tubing in the region of the producing formation and obstructs

the flow of gases to the surface. In a "gas lift" well conpletion high
pressure gas fromb5 an external source is injected into the wel

in order to lift the borehole fluids collected in the well tubLng to the
surface to "clear" the well and allow the free flow of production fluids to
the surface. This injection of gas into the well requires the operation of

a valve controlling that injection gas flow

HELL CONTROL SYSTEM

Field of the Invention
The invention relates to well prodgc_tion control systenms,
and more particularly, to an electrically actuated downhole
control ahd monitoring system | -
10 | History of the Prior Att | (
In the operation of petroleum production wells, it is
necessary to provide valves located within the production
equipment down in a.honﬂmne for the comtrol of various
functions in the well. For exaﬁple, in.the operation of a gas
15 1ift well, it is necessary to selectively introduce the flow of
high p:essuré gas to the tubing of ‘a well in order-to clear the
accumilated borehole fluids from within the well and alléw the
flow of fluids from the production zone of the ;urﬂucing
formation into the well tubing and to the su:face for



e

10 known as a gas lift valve. A Gas lift valves are conventionally
nornally closed restricting.the flow'of injection gas fromthe casing into -
t he }ublng and are opened to allow the flow of inject gas in respense to-
either a preselected pressure condition or control fromthe surface.
General |y such surface 15 ' control |l ed val ves- are hydraulicall.y
operated. By cotrolling the flow of a hydraulic fluid fromthe surface, a
poppet valve is actuated to control the flow of fluid inta the gas lift

val ve. The val ve fr 10 .an en t N as _J.on
necessary to effe}é’éutr%@ QE%&P%&%&??'[ %ang.-xtg.?% gg’ﬁ & %arv% :
al so position insg hgfﬁ'h t qgé%?! roI
pressure, the gas ﬁb#h% val ve returns to |t orrra Bgli'(;&gggﬁ |guratg‘?%n A
difficulty inhereghodudihie rematdbnIasal b&u@t&ew'ﬂbwar& @ase@rﬁ the
cl osed

open or closed is that gas lift production 2 conpl etions are

fluid system whi chupfagehi Ol ¥ efeSiif i wallidtmplétidn! RidH @réssure gas from
sibility of the fluids and the frequently large depth of the wells. For
this reason, and aspextiexhhl sourtbeis atvgjectedunitocahpl welloninverler ticheiftow
of 5 ' I njected gas through a full open gas |lift valve may produce
vibrations at a hahmrhmrehé]reecﬂaxdg/ colledtedcinse ekl dmbang tché&helgurfaeat e
resonant oscillations in the system generating destructive forces within
the production eqbbgirdear" theswelilf angAlkow We Srem iflow 9l productionfiuids
positioned at a point of 10 resonance within the well

conmpl etion(s) nayt@athe isyrfece.cp|Bdsdinjection of gas into the well requires

A\ the operation of a valve controlling that injection gas flow

10 known as a gas lift valve. Gas lift valves are conventionally
normally closed restricting the flow of injection gas from the
) _ casing into the tubing and are opened to allow the flow of
inject gas in response to either a preselected pressure
condition oi: control from the surface. Generally such surface
15 | controlled valves are hydraulically operated. By controlling
the flow of a hydraulic fluid from the surface, a poppet valve
is actuated to control the flow of fluid imto the gas 1ift
valve. The valve is moved from a closed to an open position for
as longas necessary to effect the flowoftheliftgas Such
20 valves are also position instable That is, upon 1ntermpt:.on of
the hydraulic contml pressure, the gas lift valve returns to

:Lts nomally closed configuration.
A difficulty inherent in the use of gas lift valves which
are either full open or closed is that gas 1lift production



in order for the syetentte be operabl e Wle electrically contolled gas I|ift
so avail able, for exanple as*shown in U S Patent 3, 427
to the assignee of the present invention, they include 1

val ves are al
989, assigned

M

t he di sadvant ages- of other gas |ift val ves which are position instable and

whi ch operate
- Anot her "appl i
well is that

based -upon either.-full open or full closed conditions. .

cation of downhole fluid control valves within a production

of chemical injection. In some wells, 20 it

becomes necessary to inject.a flow of chem cals into the borehole in order

to treat eithecongletibnd axeoduclioasd Ehuid myrtem vwhikh axe hdghly edastiaindi ng

t he borehol e.
capabl e of on
preci se contro
Anot her appl i
present inven
lift operatio
wi th a casing
hydr ocar bon pro
strings dispo
under ground f
tubi ng string
used to recei

10

The |ntroduct|on of chenicals through a downhol e val ve
| in to3 the compregsibilityy

over the uant't of _.cheni c: |nJ into the wel].
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mﬁd 'naéto the well W%e ca5| ng a%prod’&% on
\W%&Xa&e Woﬁst bR ¥Ré | diRtem"\Gendkating Pe

store |ift gas prior
~destructive forces within the pnjhmmiqn‘emﬁ;uant Gas lift

valves of a:particular size'ape:turej;gaifianaa at a point of
resonance within the well auqﬂatidn&S)'may:haVa to be replaced

;in.onhn:fbm‘the system to be operable.

While electrically contrclled gas 1ift valves are also

. availahle, for example as shown in U.S. Patent 3,427,989,

15

20

assigned to the assignee of the present invention, they include
the disadvantages of other gas lift-vélées-which are position
instahle and which operate based upon either full open or full

:closeatxxiutions.

Another application of Gownhole fluid control valves within
a production well is that of-chemical“iﬁjection;'jIn some ﬁells,
it becomes necessary to imject a flow of chemicals into the
borehole in arder to treat either the well production equipment
or the :opnaticn surrounding the borehole. ‘The imtroduction of
_chemicals through a downhole valve capahle of only full open or

O



to injection into -the tubing strings. Each underground formation
~generally has its own uni que reservoir characteristics 15 ' of
-perﬁe&bl lity, viscosity, pressure, etc. which dictate a unique gas lift
i'nj'ecti on pressure ‘and flow fate for optimum production of formation
fluids. Wells communicating with the same producing formation may also
require different gas lift injection pressures and flow rates for optinum
product ion from 20 each well. The present invention allows
varying the orifice size of the gas injection valve .in each tubing strlng
-for optimm produfeilorrliosed G@%&Q@Mv@oﬁnm pupeise; cRRETN a¥eEnthe

though the Iift gas is supé)lled to bot h tubin strln s froma comobn source

- the well annul UUantEEy P Sheraals tnjesteg i either full open or
Source Tnto SEpQ?Qti”OWf” Bppfisatic, e, w?cawb%e e, 'Epereh, e
esonance 5 - ifcctBlEatide ¢ arﬁs%%%“%%@ﬁf%?ﬁ%nfit' ?ﬁsﬂpi#a pgits
t ubi ng. strings. %@;B&&“%ﬁw I%ét vaﬁ/te trol &1150" are

downhaol e applicati such as gas include a nu er 0

 nherent di sadvani 3aRaily ‘aeeihad 1/ a' befisoks ﬂ%anai& ¥ BalihgSEEAngl LRNE
p€e condi t |

orifice in the o on whi‘ch may produce 1 resonant

oscillations resu#wat& gww hderdrbind) ‘h{irdéBibon PreiReoRs
di sadvantage is that of betng capab e of assumng only a full open or full

closed position Wehaaties i afis hHas Il (depagatéd { hroduetich beilegn dtithgs t WO
positions ‘at high

A o disposed therein to commnicate fluids from the respective

10 . underground - formations to the well surface. The casing and
| production tubing strings partially define an anmulus in the
wellbore which can be used to receive and store lift gas prior

. to injection into the tubing strings. Each underground

f_ormation generally has its own unique reservoir characteristics

15 of permeability, viscosity, pressure, etc. which dictate a
unique gas lift injection pressure and flow rate for optimum
production of formation fluids. Wells commmicating with the
same producing formation may also require different ges lift
injection pressures and flow rates for optimm production from
20 each well. The present invention allows varying the orifice
size of the gas imjection valve in each tubing string for

optimm production from the respective underground formation

even though the lift gas is supplied to both tubing strings from

a common source - the well annulus. Flow control valves which
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pressures and results in tremendous wear and tear on the valves. 15
Such wear requires frequent naintenance d/ or replacenent of the valves
which is etrenely expensive. Hydraulically actuated downhole flow control -
val ves al so include certain inherent disadvantages as a result of their

| ong hydraulic control lines which result in a delay:in the application of
control -signals to 20 a downhol e device. |In addition, the use of*
hydraulic fluids to control valves will not allow transm ssion of telenetry

data from downhole nonitors to controls at the surface. To overcone sone of
these objecti aps eftharcsaell dpamitad Eull celasedt dol- malaﬂdwyfbenpmdiswul d be
-~ extrenely hel pful to be - able to provide a downhole valve in which the
orifice size obnted wil LbfY gasdifnom the: same csgirce Anto cserarate UagingThi s
woul d enabl e systens such as gas |lift systens which are susceptible to
resonant osci fFekngsn, A8 PEeHOMEHE PAFPdadFYRReRe gWiHe fillcopen tor fll

orifice so that the systemis no._|longer resonant Changi ng. the size of the
vaI ve flow cofieend ovakvese afe ﬁ&mﬁgbnmm

{;LL?E;OB? in %&c&ltﬁsedﬁg%%sf :#I ofﬁ/tpt to be dag_'_g#i and revlegtes t he
YZLZ%?"FL&?HSK“%?C“ 4 Ve %Pr-ﬁfﬁ"-%“" S o e el
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size flow orifice in the open condition which may produce

10 resonant oscillations resulting in destructive effects within
the well. A second disadvantage is that of heingcapable of
assuming 6_nly a full open ar full closed position which requires

~ the shuttling of the valve between ﬁ:e‘s_e two positions at high
pressures and results in tremendous wear and tear on the valves.

15 Such wear requires frequent maintenance and/or iéplacenent of
the valves which is extremely expensive. | " Hydraulically actuated_
downhole flow control valves also inc.lude certain inherent
disadvantages as a result of their long hyd.:m:lic ‘control lines W/
which result in a delay in the application of control signals to

20 o a downhole device. In addition, the use of hydraulic fluids to

 control valves will not allow tramsmission of telemetry data
from downhole monitors to controls at the surface.

To overcome some of these cbjeétiomis?';of-'p:ééent downhole

flow contral valve systems, it would be extiemely helpful to be



results in more efficient produti on _ff_om the well. Another desirable
characteristic of a downhole flow control valve systemwould be that of
p_osi\H’on stability of the flgw control orifice.. That is, it would be

highly useful to be able 20 = - “to set a flow control valve at a
particular orifice and to have it remain at-that sane orifice-size until

sel ectively changed to a different size. Position stability is preferable
in the absence of any control signals to the valve so that applied power is
only necessary to change the orifice fromone size to 6 angt her . Prior

art val ves whi ch ¥hle &Pt M&eﬂal‘ﬁ’eﬁ@rmﬁh rdeuor e $ize| eKed.
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sel ectg a particul tacgnt?g echkd system is no NlcPWeR Irddb recﬁg,cj?-t Bhe
control the size%?’f?ﬁée ori |%e of8 e véfve in Order to obtain t 5%8

sel ected val ue ofgihQt I @McRe! Galted 106 BHRESU' 8ri fiteddllldvisOthel &

desirable to be able to select a given flowrate and then control the size

of the orifice ofgdra@atfidn/®f ReeiMRitibss A a Blosull klbstii @ updrdystenato 15

rate of production flow fromthe well. Simlarly, it would be desirable to
optim ze the sizepdGanpsd Wnioprevents ithecndceasivyilofereplacing the valve. In
U addition, such a variahle orifice valve would allow mch greater
10 control over the quantity and rate of injection of fluids into

the well. .In particular, more precise control over the flow of

~ injection gas into a dual lift gas lift well completion would

- allow continuous control of the injection pressure - into both

strings of tubing from a common anmilus. This pemmits control

15 of production pressures and flow rates within the well and
results in more efficient production from the well.

Another desirable characteristic of a downhole flow control
valve systeni would be that of position stability of the flow
control orifice. That is, it would be highly useful to be ahle

20 to set a flow control valve at a particular orifice and to have
it remain at that same orifice size until selectively changed to
a different size.. Position stability is preferable in the
absence of any control signals to the valve so that applied
power is only necessary to change the orifice from one size to



opening to danpen fluid/gas surges in a gas injection conpletion and
-mnim ze the variations in production flow fromthe well. Suh system
require a reliable means for both sending data 20 . uphol e fromthe-
vieinity of the valve.as well as processing that data and then actively

controlling the size of the flow control orifice of. the valve in order to .
obtain the desired results, as nonitored by the system One inplenentations*
m ght include an indicator systemfor encoding -and sending data to the

-surface 7 related to val ve orlflce p03|t|on and downhol e pressure and

: rowmformatl wel | ) ﬁs&ggggﬁ *:f wnhol e
‘to Selectively ust th%ﬂ%om I on of the vaI ve. Renote nt roI al ves
which share a GaRIRR1Y petum to t6OB10beAdaRs £RNR fags
| ocation with syste neasurl ng paraneter. val ues have certa| ni nher ent

probl ens. The parmk NEaSgY | RAvEhtaye! t ghiwtst w8 VBe d RygyoUus,
conparatively [ow val ue of current in order to function and t he presénce of

a val ve controlegifdhilet inSdkimhabe aflow comtrblcoalve @ysténs is that dfh@nsane

circuit unnecessarily loads the current requirenments of the system and
wasses power .. aStutdter bystenc foamtmmmtofing hot anyt tie cxifics isizeuch H@ a
solenoid coil, requires a conparatively high value of current in order-to
nove the sol enwhl:lveirrhltwelmdtbeuclprhégkreﬁalm flocumates nwrhie| [theS
darmage the power supplies of the measuring. circuits. In addition, it may
be desirabl e t produgiiony syRhemssinec|exdersd %emim taegdred| tplpﬂuctpannarret er

measuring circuits or valve control _ - _
paran\etersvd.tmnthewau.'rorexamle,itwouldhe \:‘

advantageous to be ahle to select a particular bottom hole
0 flowing pressure and then control fhés'ize of the orifice of the
valve in order to cbtain that selected value of bottom hole
flowing pressure. In additiom, it would be desirshle to be able
to select a given flow rate and thancout:rol the size of the
orifice of the valve in order to abtain and hold that particular
15 rate of production flow from the well. Similerly, it vould be
desirahle to optimize the size of a downhole gas irrjection valve
opening to dampen fluid/gas surges ina gas injection completion
and minimize the variations in pmduction flow from the well.

€

Such systens requim a reliahle means for hoth gending data
20 uphole from the vicinity of the vaJ._ve a‘s well as -'processing that
data and then actively controlling the size of the flow control
orifice of the valve in order to obtain the desired results, as
monitored by the system One inplemem:ationuﬂ.ght include an
indicator system for encoding and send:l.ng data to the surface



circuits within the sane fl ow control

control

of

and power cabling. 20
Noe present

The fl ow control val ve syst

val ve system and allows the renoté adjustnment of selected ones of a
plurality of variable orifice size valves by neans of -signals fromthe
surface and then the nmmintenance of that orifice size in a position
stabl e configuration until additional signal.s are sent to change that
orifice size.

The System al so has provisions for monitoring a plurality
parameters down
in order to effectuate 5

fetea & lvadié! dﬁﬁb& PBkiElon' &9 denRQS bbb 4R £Y8)

desired changes and/ or nai ntenance in

system wi t hout undue duplication of

em

i nvention incorporates many of these desired features of a

of
ve

those paraneter viohfiiRsatilie &Sl a8 aPebidkliecdybyent i fortideiiind)i siltmald ows

a single cable to supply both | ow vol t age

peng currents to

nmoni tori ng circui dcwnholle |td eebedtisaly mdjbet thel pasdtion|cfothe oraliwe. val ve

orifice adjustnent circuits. The system of 10

al l ows sel ective addr Rewdhg cbntrdiledivavalwess ofhimh t | pharearanecommon
measuring circuits and/or valve control circuits on a single control cab
from % he renpte ¢eumnicatioss\ralile GO i qqubenlr| kggation with a system fop
cne aspect the invention includes a nethod and system f or controlllngmhge

flow froma gas HFFFUEEﬂSdFBEHFEFb ves, haye

penetrates at

spacially

10

15

20

| east -tvvo spaci al %ngar at ed geolﬂg: C%ﬁﬁ%{ oducti on zone;s

casing extends fr

comparatively low valus of current in order to function and the
presence of a valve control circuit, such as a solenoid coil, on

‘the same circult unnecessarily loads the current requirements of

the system and wastes power. Similarly, actuation of valve
control circuit, such as a solenoid o¢oil, requires a
comparatively high value of current in onder to move the

 solencid armature and such high values of current may well

damage the power supplies of the measuring circuits. In
addition, it may be desirable to remotely address selected ones
of either multiple parameter measuring circuits or\éuvecmnmxn
circuits within the same flow control system without undue
duplication of control and power cahling.

t he

the invention al so

| e

he

The flow control valve system of the present invention

incorporates many of these desired features of a valve system
and allows the remote adjustment of selected ones of a plurality
of variable orifice size valves by means of signals from the
surface and then the maintenance of that orifice size in a



20 separated production zones. At |east two strings of tubing
extend in parallel along the interior of the casing fromthe well head w yh-
the first string of tubing exténding into the region of the first of -th& .
spaci al | y separated production zones and the second string of tubing '
extending into the region of the 9 second of . the production zones:. -~ "A
~gas lift valve is connected in each one of the strings of tubing with a s
first valve being located in the region of the first production zone and a
second val ve being located in the region of the .second production -zone. 5

el | hoad To RBIIRE abP &St Pty Cé&&é&%ﬁ‘eﬂéﬁ@h SR

aperture W thif cﬁgﬁ% | d ( bl f
i ndependent |y varie %%a{ér(y;ﬁifrﬂd?étsﬁgapr §§§C 1-0n o R W%% FFofRach of

the first andg; t §Pi fadarhdters L8 %BFWEH source
of pressurized lift as vm t hi nft?he casl ng. I n anotjhe?:ﬂgspect he™l nvent I on

includes a MejdiedoENIhgS YhiC PobDEL chO BT ¢hbi ‘Pallve 8 nf lcR¥l 65 &¢ #%3% to line
i

petrol eum production well in which a casing extends froma

tise borehol e Guedredt chahges 0 @A dw Mat Atehance ALAt thidid YardMeter values. t Ubi NG
extends along the interior of the casing fromthe wellhead into the region
of the productheomsystan. is\ Daplemsfited By eirsuitynebies aXlcwBe askihgle of

tubing and |l ocated in the region of the: productlon zone, A source of
pressurized gwblestoosupplyedotiy Xdwe voltageg cantirinousedperani e a
source of 20 lift gas. Producti on quud flom/fron1the tubi ng at
the surface to the monitoring circuits and intamittem higher voltage \‘;
pulses to the valve cmifice'mthﬁﬂinmt eircuits. The system of
10 _ the invention also allows selective addresaing of imividual
ones of multiple parameter neasu:ing cizcuits .unikn: valve
control circuits on a single control - cable from the remote
“location.. - |
15 'In one aspect the invention includes a method and system
for controlling the flow from a gas 1ift petroleum production
well in which a borehole penetrates at least two spacially .
~/

separated geological production zones. A casing extends from

the wellhead to line the borehole and into both of the spacially

20 separated production zones. At léast;.' two strings of tubing
extend in parallel along the intericr of the casing from the

_ wellhead with = the first string of tubing extending into the

- region of the first of the spacially separated production zones

and the second string of tubing extending into the region of the



IS rmnltored and the size of the flow control aperture within the gas lift
val ve is vari-ed in response- to the raté of production flow fromthe tubing
to cbﬁtrol t he_production . of %0 well fluids from the string of

tubing and minimze the flictuations in the productlonflowrate : In
a furtheraspect, the invention includes a systemfor nonitoring - downhol e
vari abl e paraneters within a petroleum5 production well. A

control unit is |ocated at the surface for producing control signals and
for receiving signals indicative of nonitored paranter values while a

plurality -of - sensgesom of Essipeoduintohezdnes. Jenar gds Ngfe valgsals cehadctdat 0

the value of a variable paraneter. A cabl e extends down the well for 10
connecting all of inheagh usre icfy thé stariags sof cubliag cdithr al finstt valvé Hseing
surface. An address control switch is associated with each one of said

plurality of. sensdpeataddincthengegion of the fixbt cprodictioromene cindt hesembidess
control switches has a unique address code upon: receipt of which it

will connect itsvabve being located d&i thedegionof the speonshpredyation zone.

el ectrical comunicatiqon with the control unit. An address code generator
is | oclted withindtFinaeneeuce of Praaswszed Fasqi & Fomnectate the cesing at

2ssoci at ed w'th 1 Foe HRMDes (5 aeBFEl. A ERUBE Gfo bt Py dRepeise of ths
?(r)]mn;hglt ie.I FGPE?{ h]:a thgﬁﬁ_gﬁfhol e par am;_#lgr t 0.be ']Eg:[reg% %t:ﬂt'ggcoszﬂ fg%ge.
_ uftvalvesisirdepe:ﬂentlyvadedtooontmlthepro&uctimof

- well fluids from each of the first and second strings of tuhing

10 . and the common source of pressurized lift gas within the casing.

In another aspect, the invention includes a method and

system for controlling the flow from a gas lift petroleum

production well in which a casing extends from a wellhead to

line the borehole and into a production zone. A string of

15 tubing extends along the interior of the casing from the
wellhead into the region of the production zone. A gas lift

valve is comnected in the string of tubing and located in the

b region of the production zone. A source of pressurized gas is
connected to the casing at the wellhead to provide a source of

20 1lift gas. . Production fluid flow from the tubing at the surface

is monitored and the size of the flow control aperture within

the gas lift valve is varied in response - to the rate of

production flow from the tubing to control the production of

10



nonitoring ad controlling downhole paraneters within a petrol eum
production well includes a first electrical conponent - |ocated downhi
which requires a: relatively |low val ue of operating voltage and a secon
el ectrical cnponent | ocated downhol e which requires periodic pulses of a
.relatively high value of operating voltage. .A single cable extends from
the 5 ‘ surface for supplying operating voltage to both the first =
and second el ectrical conponents. A first circuit is connected between
the cable and the firSt el ectrical conponent for allomnng a relatively

__IOM/vaIue of yphiaog paéémﬁngméUQEE%@Pp%¥a~ﬁ?ﬂng°W§ﬁ.t g? onent
e

and i's responsive to a val ue 10 e on the ca ich is

in excess of aglBrastiehs! iMAkHE droBuetiont ElGalrhye.di sconnecting the first

conponent fromthe cable and responsive to the value of voltage on the

cabl e decreasing txn zerfurther asesees Cthe o ivaation InclaiEo Re dystéen tfee cabl e.
A second circuit is connected between the cable and the 15 second

el ectrical conpabentingordsinhobe nvariahlet hparamspears: nted fhdom & heetabletmi 0
prevent the conponent fromelectrically |oading the power supply circuit
and i s respongroduction wellie @& coptralgambh isidocated: stn thecmufacé for

t hreshol.d value for electrically connecting the second conponent to the
cabl e to al | oprofiucizg control siguals apd €orpreceizing ianale inddcativeonent
and responsive to the value of voltage on the cable decreasing to zero for
di sconnect i ng afh@ontkored parpRaten: valyesn @%%ﬂ%ﬂtﬂ%rs%mt%e

i nvention contenplates a.system for nonitorin and controII%ag domnhole
paraneters- wiloRpEed gdovnhole for generating a sic related ~..a‘

‘a variable parameter. . A cable equﬂs down the well for

"w

10 | connecting all of the plurality of semsons to the control unit
| at the surface. . An address control switch is associated with
each one of said plurality of sensors and comnected to the
cable. .. Each one of the aGEIESS”cbntrolféwitChés-haS'a unigue
address code upon receipt of which it will commect its
15 associated sensor to thexxmne-ﬁm:eQGCtriéal communication with
the control unit. An address code generatar is located within
the control unit and comnected to ‘the cahble '-for'.s'ei_ectively .
generating control signals conuu:dhgv the address code -
associated with the address control switch of the particular
20 downhole sensor- for the.downhcie-ﬁarémsbér to be ﬁbnitorad at
- the surface.. _ _
In a still further aspect of*thé~inwentioﬂ“a'sYstem for
monitoring and controlling domtnle paraneters within a
petroleun production well includes a first electrical component

11



12 petrol eum production well including a casing extending froma _

wel lhead to |ine the borehole and into a production zone. A string of
tubl\a.g extends al ong the interior of the casing fromthe wellhead into the
regi on of the production zone: A valve is 5 connected in the
string of tubing and located in the region of the production zone. - The"
size of the flow control aperture within said valve is varied to control
the flow of fluids fromthe casing into the tubing. A signal indicative of.
the size of the flow control aperture is generated. A control unit is 10 -
| ocated at the suilbeated odowrtader shichgneuizesd 4owelativedyi dgwt halpe 7 of-
of the flow control aperture within the val ve. A control cabl e extends
down the casing awperatingnraitagef apd, eha@ecomd r sleqhrical ccomponent \ tosated
coupling control signals fromthe control unit to_the valve :to vary the 15

size of the flow SoWahdlie kdrhyreirescperiptlic; Pulses| & (@ eraliabivel Hahi ve
thereof. R EF DESSRAPRICRPUSCHE TSAIPNGS. Rorl a#%h%él&m%”' o#mﬂhéme
Chor oo, rof or 'eﬁquﬁﬁ#%ﬁrbs%ﬁnst rf“ xﬁ% o Zo T oS! SRR
gfgmgt g?navmggg E%ﬁ%ﬁ. on gasgﬁfwﬁ%gnﬁg?ﬁgl L%F‘&gl ng gﬁ%a\éé' :

system construct gdyldh 18ne cable and the first -electrical ' component for

allowing a relatively low value of voltage to pass. and _supply
s operating power to said component and is responsive to a value
- 10 | of voltage on the cahble which is in excess of a-th.réshold value
for electrically disconnecting the first component from the
cable and responsive to the value of wvoltage on the cable
decreasing to zero for recomnecting the first component to the
cable. A secord.circuit is connected between the cable and the
15 secord electrical component for disconnecting the component from
| the cable to prevent the component from electrically loading the
power supply circuit and is responsive to a value of'voltage on
b .the cable in excess of a threshold value for electrically
cormctir_:gthesecoxﬂcomonenttothecahletoallowthe
20 voltagetopassandoperatethecompdtmtta:ﬂxespomivetothe
value of voltage on the cable decreasing to. zero for
d._iscon_n_ecting the second component to the cable.
In another aspect the invention contemplates a system for
morﬁtox;ing and controlling downhole: parameters.  within a

12



accordance with the teachings of one aspect of .the present invention, _

FIGURE 2 is a block diagramof the electrical" conponets of the valve sgi?enr
of. one aspect of the present invention; 5 ~-.. . FLGURE 3A is
partially cut-away and cross-sectioned-vi ew of “an el ectric-flow control
val ve including a notor operated rotary valve; FIGURE 3B is a partially
cut-way and cross-sectioned view of an electric flow control valve :
i ncluding a notor operated 10 poppet valve; FIGURE 3Cis a
partially cut-away and cross-sectioned vi-ew of an electric flow control

val ve incl udi 3 AkAH ek v 4?9&!?8 artially
cut - away'and g?%%él sech ew 51 n)é h %Pf el ec rf?ft?n\?v %ontrol

val ve incl udi jgh fhed@! 801 fnd P, &indV § Hrg f#,gdﬁ&fbd SofePargially
a flo

cut-away and cross-sectioned view of one end o w control val ve

i ncluding a rgtainyg aE! valkiesd RRberdss alend OB DARRSbrVe: Whe 28sing from
FIGURE 5 is a partially cut-away and cross-sectioned view of a rotary,

| apped, shear theaklihea® intd GUsEfedidn 66 thedpfiduetion zdas.i ORSvalve is
configurations of orifice plates used wi th the rotary val ve enbodi nents of
the present syenmsvted4in the string of tubing and located in the region of

b

. the production zome. The size of the flow control aperture
within said valve is varied to comtrol the flow of fluids from
the casing into the tubing. A signal indicative of the size of -~
the flow controlapezture is gene.rated. A control unit is

‘10 located at the surface for gemting' control signals and for

-monitoring the size of the flow con!:ml aperture within the
valve. . A contral cable extexﬁs'downthe-casi'ng'arﬂ is
comnected from the control unit to the valve for coupling
control signals from the control unit to the valve to vary the

15 size of the flow control aperture thereof and to couple the size
indicative signals from the signal generator to the control unit

. for monitoring thereof. .

For an understanding of the present invention and for

20 . further objects and advantages thereof, reference may now be had

to the following description taken in comjunction with the
 accompanying drawings in which: :

FIGURE 1 is a schematic drawing of a gas injection gas lift

well completion including a valve system conetructed in

13



FIGJRE 7 is a cross-section view of a cam sl eeve mechani smused in the
clut’ch system enbodi menit of the prent valve; FIGURE 8 is a’
_croksrsectlon view illustrating an alternative nmeans of attachment of a
"Key to the cam sleeve and 5 ' its relationship to the valve
-housings; FIGURE 9 is a schematic dI’aWI ng of a-dual gas lift well
conpl etion including a systemconstructed in accordance w th the teachings
of the present invention; FIGJURE 10 is a bl ock diagram of the nonitoring
ard control 10 conponents of the system of the present
i nvention; Fl GUREakdoidantes efithathe teactiags obfonaecmspectenof othe hpresent
noni t ori ng conponents shown in Figure 10; FIGURE 12 is a schematic diag
of a voltage sensiinivemtion: t ch circuit for a pressure nonitoring system
enpl oyed in the 15 present invention; FIGURE 13 is a schenmatic
di agram of an enbodi nEFCGUBE %Waﬁ)@-%&s‘?’ﬁ%ﬂ“ SR ELAgtEicRd FRPPReREs. 6f e d

In the present inventiqgn; FIGURE 14 |s a sche c di agr mof a vol tage
sensitive 20 the valyg; sxgtem ot one h‘ég&gf’ ng— n(‘fﬁ"‘\"l"é‘ﬁ’itor|ng

Val e Sontrol unit emioyBE T leng ByEHEHY et eb rRpRARHLareS e
| ~of an electric flow control valve including a motor operated
rotary valve;
FIGURE 3B is a partially cut-away and cross-sectioned view
o ._ of an electric flow control valve including a motor operated
- 10 poppet valve;
FIGURE 3C is a partially cut-away and cross-sectioned view
of an electric flow control valve including a solencid operated
~ rotary valve;
FIGURE 3D is a partially cut-away and cross-sectioned view
15 of an electric flow control valve including a solencid operated
poppet valve;
FIGURE 4 is a partiaily cut-awvay and cross-’s’e;:tioned view
M of one end of a flow control valve including a rotary actuated
non-rising stem poppet valve;
20 . FIGURE 5 is a partially cut-away and cross-sectioned view
of a rotary, lapped, shear seal valve; = -
FIGURES 6a, 6B and 6C show various configurations of
orifice plates used with the rotary valve embodiments of the

present system;.
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Fi GQURE 16A-C are illustrative waveforns of a valve position signal, a
pressure transducer signal, and the conbination thereof, respectively, ia
they occur in certain enbodinents in the systemof the present inventiolf 5
DESCRI PTI ON ON OF THE PREFERRED EMBODI MENTS Referring first to Figure 1,

there is shown an illustrative schematic of a producing well equi pped as a .
gas lift conpletion. The well includes a borehole 12 extending fromthe M
surface of the earth 13 which is lined with a tubular casing 14 and extends
10 fromthe surface down to the producing geol ogical strata. The

casing 14 i ncl udes FRGURBrAliBoAsCUBsHsetiion rdgiwoof f dameseaydu oechiprdsmat a t o
permt the flowof fluid fromthe formation into the casing lining the
borehol e. The peedida the slukel syRtem wnbediment ofithe presant val¥erasi ng
extend is forned of porous 15 rock-and serves as a pressurized
reservoir containi F&CHRR x8 urdB of 2 gaSrosgreectign, oview Hidustmatigglsans

preferably perforated, al on thegr Il on. of the horehol e containing the
r

produci ng” st r afEteRRkE B | PHVR Y §Oc R fam: 8L P97 BBRween
the, strata and,}he : string of .tuhing.16 extends axially down 20 '
t he® casi ng 14+ t#%:l}eor{s n‘bo- Wé’e?ﬁgﬁ%xtend' into the borehole from
a well head 18 toca _ sur gﬁs vect he wel | L.ch _proyvides pport
for the string of: %gg}’% i’-g'esex '_e;n mgé'%ﬁt%\é%i%% Sﬁ% ]\C/#%sé?i he
ool | e BrARidn sHAfuhis) %ykled bonsthited" (Y dobliradbe™l d Ene 22
whi ch supplies hi"gh pressure ['I'ft das : -
teachings of the present invention; - |

FIGURE 10 is a block diagram of the momitoring and control
10 . components of the system of the present invention; . -
- FIGURE 11 is a schematic diagram of one embodiment of the
monitoring components shown in Figure 10;
| FIGURE 12 is a .schematic diagram of a voltage sensitive
switch circuit for a pressure monitoring system employed in the
15 present invention; |
| FIGURE 13 is a schematic diagiam of an embodiment of a
 valve position monitoring circuitry employed in the present
| FIGURE 14 is a schematic diagram of a voltage semsitive
20 switch circuit for the valve position monitoring components of
“the present invention;
~ FIGURE 15 is a schematic. diagram of a-_vaive control unit
employed in the syste in the present imvemtiom
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through a first flow control valve 23 from an external source .such as.a - .
conpressor (not shown) into the casing 14. The tubing 16 is connected-to a. .
prodsetion flow line 27 5 . t hrough a second val ve 32. --The out put -
of the flow line 27 conprises production fluids fromthe well which are .
connected to a collection nmeanssuch as a separator (not shown). The out put
flow of the tubing 16 into the production flow line 27 is generally a

m xture of several fluids, such as oil, water, and 10 - condensate
and gas and is directed to a separator which effects the. physi cal -

separation of the |iqriGuRe nemc late giIestritd v aaeSoinac ofas vallve p%:siﬁi&ﬁ
line for delivery into a gas gathering systemfor sale or reconpression.

The |iquids out pusidnadm tehe pregmoaxat crransductirr exiigndl) ntamda theq Ucomksimathgre
reservoir for 15 subsequent di sposal or sale d ng upon the type
of 1iquid producethespofhereapectinsly, Fhetheynmoegcer ir6 certaion eebodisents in

receive information from pressure transducer 36 connected in the
production flow |mszst%9fp%manw%@ 37 connected in the
i njection gas flow 20 | i ne 22. Both the conmputer 25 as well as

a dowthol e val ve RESCREBFIQY OF (THE, RREFHRRED (HYPOAMENTS e suppl i ed by power from
zi7sour_(l:_ﬁe3$aswln: ?[] V\n: e AC gé Dg deg‘gndl n yu%ug% b%g“l iti %avasiabl e.
0L S ety . B i, Y T i
The well includes a borehole 12 extending from the surface of
s . the earth 13 which is lined with a tubular casing 14 and extends
10 from the surface down to the prodncinggeological strata. The
casing 14 includes perforations 15 in the region of the
producing strata to permit the flow of fluid from the formation
into the casing lining the borehole. The producing strata into
which the borehole and the casing extend is formed of porous
15 rock and serves as a pressurized reservoir containing a mixture
of gas, oll and water. The casing 14 is preferably perforated
along the region of the borehole containing the producing strata
o in area 15 in order to allow fluid commnication between the
strata and the well. A string of tubing 16 extends axially down
20 the casing 14. |
Both the tubing and the casing exterd into the borehole
from a wellhead .18= located at the surface above the well which
provides support for the string of tubing 16 extending into the
casing 14 and closes the open end of the casing. The casing 14

16



lift valves 41-43 connected at spaced intervals along the tubing 5

16 and a -conventional packer 44 |ocated just above the perforati

15. A renpte control gas Lift _valve 45, constructed in accorda -
with various enbodi-ments of "the invntien, is connected into the tubing 16

j ust above a pressure transducer- 46 Both-the renote control gas |ift

val-ve 45 and 10 the pressure transducer 46 are connected via a *
control line 47 to the controller 30 |ocated at the surface Th control |ine
47 may be electric or pressuri.zed or a conbination of both. If it is

electric, it fPbohfedtddRoCaNduR!t 22 .wiidehYdRinlias Highopreadihe | rte&éed'wth

a small dianeter” stainless steel tubing 15 outer shell.

control |ine roaghpai £rstotiopovsitrol dvalver 2Bi- 886 g dixteirdl C eBured the
operation of the gas lift val ve 45 through the controller 30 as well as

provi de i nf orsuwhi as a comprsisor (dot shom)t into dhetdasingsid.i ft val ve and
information fromthe pressure transducer 46 to the controller 30. 20

Ref er-ring next t Bhei tuhdag?2 16t her comnected ko a2 Puaductiany rilowoling 27

el ectrical conponents of the valve system of one aspect of the present

i fvention. THéwopughed BREO cRLVRe 33ur f Je- mmﬁp(thpaﬁﬂgelimﬂ%ﬂl ng the

conputer 25 and the controller 30 .conpected to_a palr of downhol e

el ectronic m&%e%mqﬂlgﬂ“bfﬁ%m'ﬂ tvhd A°  The
fgnﬁggglsg ?0 EF&¥UdeS a mcro gigr contr Gﬁ%agam%glch ncludesprgsns
various Operaﬁl Onal é&eanguﬁ. 2 altﬁ aiﬁ(:os%ﬁe Won £low hfine 27 is o
_ generally a.nd.xt:ure.of several fluids, such as oil, water, and ™~
10 ) condensate, and gas and is directed to a separator which effects
the physical separation of the liquids from the gases and passes
the gas into a sales line for delivéry_intb a gas gathering
system for sale or recompression. ' The liquids cutput from the
separator are directed into a JiqnniJsﬁnge resexrvoir for
15 _ subsequent disposal or sale depending_updn the type of liquid
produced by the reservoir.
Iha_aummter.zs is connected to receive information from

O

pressure transducer 36 comnected in theproductim flow line 27
and pressure transducer 37 connected in: the injection gas flow
20 line 22. Both the computer 25 as well as a downhole valve
| controller 30 comnected thereto are supplied by power from a
source 31 which may be AC or DC depending upon the facilities

- availahble.

17
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5 m croprocessor control unit 50 both sends information downhole
~and. receives information from downhole via a digital comunication

bus\55 connected to a nodem 56 coupled to the control line 47 through a
filter 57. Power is suppliedito the surface electronic conponents by neans
of a power supply 58. 10 Comuni cations to the nicroprocessor

control unit 50 via the nodem 56 and filter 57 may be either anal og or
digital an4, if digital, can consist of an interface enploying the RS-232
serial comuni cations protocol conventional in the industry. . The data

~ separation, nodul ati ofhengas r 3hfi walilorcompbetiionu d&sekfigmy | inclnde either

U S. Patent No. 4, 568, 933, hereby i ncorporated by reference, nmay be used
in the downhol e cwimelei oxt myktinke: iconpletions spdsimt sk & Rige doh e

T o1 opr ocessor COHARE GRMRLEHSORORTELeT & PLuraligng ”peamwi“ Yo oAt 3
el ot ry sub 61 TRECCHRNSRT 41 % SminiRan B PRECR FRURTLA SHPen b R
et uatt on syst em ool Y odonfgrdtes tﬁgﬁ%éhﬁm%&% s%@feur e
?ﬁ\slgrn![ ibgﬁ b%;wbeé&?gé%lc glogvevgp%\gﬁtg We od| rrents |%Iu 'Lg

different eans ofca@%‘%tu ?@Gﬁém‘m@ﬁ SlalriGhs | eRBad1i nents Ola® Yehe

drives. 5 The or| ce size of the valve may be selectively

controlled invention, is comnected into the tubing 16 just above a pressure

A/ transducer 46. Both the remote control gas lift valve 45 and
10 the pressure transducer 46 are connected via a control line 47

to the controller 30 located at the surface. The control line

47 may be electric or pressurized or a combination of both. If

it is electric, it may be a two conductor, polymer insulated

,ca.ble protected with a small diameter stainless steel tubing

15 outer shell. The control line 47 supplies both power and

| operating signals to control the operation of the gas 1lift valve

45 through the controller 30 as well as provide information

v | related to the operation of the gas lift valve and information
from the pressure transducer 46 to the controller 30.

20 _Referring next to Figure 2, there is shown a block diagram
of the electrical components of the valve system of one aspect
of the present invention. The system includes the surface
electronic package including the computer 25 and the- controller
30 comnnected to a pair of downhole electronic packages 52 and 72
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fromthe surface in different ways. In one enbodi ment a control register or

potentionmeter in the surface el ectronics package 30 may be set to'a Hﬁ#
sel ected val ue representing a kncrwn condition of the orifice and then _Tnc
td or decrenented as signals are 10 sent downhol e to increase or
decrease the size of the orifice. In other enbodiments, the flow control
val ve may -i ncl ude an absolute position indicator 67 which vides a °
signal indicating the absolute position of the valve orifice, through an
indicator line 68, to the icrocessor 62 for: connunlcatlon 15 . of

t hat i nformt i, 'P? gntr.ﬂ+e % n&g rface
el ectroni cs package nay rnclu e a down e prassure r afsaucer 246

whi ch may takgy & - RrEhoP thia86 SwlchS ik 2RSEHIC Yo rEORRRC ed
through a signal conditioner 69, such as an over voltage protection and a

vol tage 10 frQapee Ciredd an operator, CHOMIE e keybdedd ©9)MaHd Gal @y the
pressure information uphole to the surface el ectronic cont r ol package 30

through the ceakiols |éperationdln madinéters, atf herviptabmaiglayedaur enmat Means
such as a downhole flow rate indicator (not shown) nay al so be provided in
t h8 subsurf acmieremiccessars qontkaljarfit. 520both Heads uiriformatictr doenhalecont r ol
unit 30 nonitors downhol e pressure information fromthe.strain gauge
pressure transadcerreteizes weihfamatidror rixomondbvmholet heiposat | dbgitadi cat or
67 indicating the current position of the flow control orifice of 5

the flow cont commnijcasion \bus, SHrecmpected Ao & mdem: §6cgolpadh el ut e

position indicator 67 through t he _m croprocessor -
- . control line 47 through a filter 57. Ebmar'xs supplied to the ‘::

. ~surface eloctr@mic components hy means of a pcmar supply S58.

10 Communications to - the nﬂ.cmpmceesor contml unit 50 via the
modem 56 and filter 57 may be either analog or digital and, if

digital, can consist of an interface employing the RS-232 serial.
communications protocol comwunional in the industry. The data

separation, _moduiaﬁion' and transmission techniques .t'aught in

1S U.S. Patent No. 4,568,933, hersby incorporated by reference, may
be used in the downhole caumﬁﬂcafidn'pbrﬁidn of the present

- system,

O

The downhole electronics padkagé'SZImq?indlude a telemetry

sub 61 comprising a microprocessor control unit 62 and a

20 comunications modem 63 coupled to the cont:ol line 47 for two-
way communications therewith. The tebauﬂ:y'sub.ﬁlis connected

to a motor drive circuit 64 which cortrols current to either a

. rotary motor actuation ‘system 65 or a.'lih"ear' mtion actuation

system controlled by a solenoid 66. - As will be further

19
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control unit 62 and the nmodem 63 V\:hl ch sends the encoded data via control

line 47 to the surface. |In addition; ‘the surface control electronics :
packazge 30 al so sends por and control 10 .. . _signals downhole via the
control line 47, the nodem 63 and ni croprocessor control uhit 62 to control

the application of power to the notor/sol enoid drive circuit 64 for .
changing the 'size of the orifice of the flow control valve. In general, the
surface control unit 30 provides an 15 ' i nterface between the
conputer 25, the transducers 46 and 67 downbole, the electrically

control |l ed gas I| t
controller 30 operaf'@#h Pﬂ?tﬁ\%%ﬂg%‘g';?ﬁg%ﬁes pO\A/eEEHiE%LBt%n the
downhol e COWOHG%@MZ&W@ tlag MBY S¥dvided! AR SebéAN @ fferent

transducers 46 a Information telenetered from the

downhol e cont r ol eaBkAiIRMks SAnslbdidee alicsebaitetheabst b Wa3pb AkcBdatabnt ey

controller 30. In addition, the T“conputer 25 may also nonitor ofher
wel | parameters, Mofseiﬂwuﬁéaﬁertmsﬁlmws% and 37, and control
ot her well conponents such as notr valve 23 in order to 21 N effect a

coordgnated wel | contTts osi/fiicansizes loft thd valwd ahap b esbedtively conttakied
operating conponents. In general, several enbodimts of the downhole flow
control valve ar €rempthey surfacecinjdifferent weysh tFe apsembodimenti@ Bontrol
present invention They consist of two different valve designs and two
di ff erent . act uat cegtrtsR)er. poreatts pmeker: bnithe; spsfaceoplectronics package 30

may be set to a selected value representing a Jnown condition of
5"" the orifice and then incremented or decremented as signals are
10 sent downhole to increase or decrease the size of the orifice.
In cother embodiments, the flow control valve may include an
absolute position indicator 67 which provides a signal
indicating the absolute position of the valve orifice, through
an indicator line 68, to the microprocessor 62 for communication
15 of that information uphole to the surface control unit 30. The
subsurface electronics package 72 may include a downhole
pressure transducer 46 which may take the form of a strain gauge
A\ pressure transducer, comnected through a signal conditioner 69,
such as an over voltage protection and a volt'aga' to frequency
20 | . converter 71, for commmication of the pressure information
uphole to the surface electronic control package 30 through the
control line 47. In addition, othér parameter measurement means
such as a downhole flow rate indicator (not shown) may also be

provided in the subsurface electronics package 52. '
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" ators and valves may be used in particul ar enbodi nents. The two val ve
desi gns: enpl oyed in the several enbodi nent include a non-rising stem pqoppet

val ve configuration and a rotary, |apped, 10 shear seal valve
configuration.’
reduction . and a |inear solenoid with a linear to rotary notion -

such as a wire clutch differential ratchet nechani sm and

. W th gear

converter,

i ndexi ng

'. -conj unction with Flwes}-&éb & Deldt@bhi & Soddi@¥bl t Shife B G ﬁftmfsh%ﬁnﬁ" s eShown |
a'partially cut-away and partially longitudinally cross-sectioned vi ew of a
PreBsti® | inFedmdti o Eri il BeRdiigal:6 Prsaré 2Rnsducer

The valve 100 consists of an outer pressure resistant

pedtioh dadidtor @32 and
. A threaded bul khead feed

fl ow cont

i nventi on.
al houté ngs 1@éllvhiash infolmstdena fuoin tHe |
103 for receiving operating ¢ of the system _
t hr ough el ect r iindihcatsingg the acwieat| poditdon cof ithet fhow | controk ajri fhes axft or

t he upper end of th valve while a threaded fluid conection:

cylindric

sub at 22

cam

rol v

- The two actuator designs enployed include a stepper notor

Each of the various o] of the flow control valve 15
enpl oyed in the systemof the present invention are set forth belowin

1055i s | ocat ed the lcontrol valvef Vabve auificesisegisemonktonad: by dthe.
coupl i ng provi di ng fl UI d conm cation between the val ve and the interior of

t he wel |
t he out si
However ,
with side

10

15

20

tubln

Hegs - dpdigater c §7r thewushi nthen miggepmmeesiar on
d t ' t | lift drel
tﬁeomﬁﬁ%ﬁ'@f Gach e mrtem 44 iR welEe Sbe sncded latas e

via control line 47 to the ‘surface. - In addition, the surface
control electronics package 30 also sends power and control
signals dowhole via the control line 47, the modem 63 and
microprocessor control unit 62 to control: the application of
power to the motor/solencid drive circuit 64 for changing the
size of the orifice of the flow control valve. | |

In general, the surface comtrol unit 30 provides an

interface between the computer 25, the transducers 46 and 67
downhole, the electrically controlled gas lift valve 45, and the
cperators of the system. The ccutmller 30 operates the gas
lift valve 45, supplies power to the downhole components and
separates the monitoring signals from the transducers 46 and 67.

Information telemetered from the dmmmecont.ml ‘equipment 52

will be displayed at the display 54 of the controller 30. In

addition,. the computer 25 may also monitor  other well

 parameters, such as the pressure transducers 36 and 37, and

‘control other well components such as motor valve 23 in order to

21
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pocket mandrels. The control line 47 from the surface electronics is. 10
conhected to a portion of the downhol e el ectroni cs package 52A to receive
cont¥ol signals and deliver position information signals to the surface -
el ectroni ¢ package 30. The downhol e el ectronics package 52A is in turn o
connected to an absolute position indicator 67 which may take the formof a
‘pulti-turn 15 ) potentioneter as wll be further discussed bel ow
The position indicator 67 is connected to the shaft of an electric notor
such as a stepper notor 105, which is in turnd to a speed reducti.on gear:
box 106. The poeffidctn & ndioondinated vellalcntirokl| sgeten r cdlaﬁtredont@ewth
aratio identical to that of gear 20 box 106. The notor 105 may
al so be a fluid @wswhobe and surfaceooparating emponentac| udi ng a fluid power
driving system The stepper notor 105 is controlled by the subsurface

el ectroni cs package SRA GemPEal.t r §AvewRAle senbodimentsy| of f thM tdaembole a@ow
controller 30, through the two conductor cables of control |ine 23

to the four or fFUETRL FBLVERTS @F‘P}?@dtﬁ WWOV’- Lhemygten of thqhe
notor_ 105 is control d b vverl selec |rs he /f|ve vmres
in a3pecific scRf® E@P e‘%tfftﬂE?‘étn

val e control s a#%ﬁrﬂﬁ%%&a Pfﬁ%%ﬁasﬁ%ia%? %mh%w hre
o0t put 01 Ve shaie o 100 bt B S8 Pk S . 1m0

connected to a recelvrng socke
two valve designs employed in the several embodiments include a
At non-rising stem poppet valve configuration and a rotary, lapped,
~ 10 shear seal valve configuration. = The two actuator designs

employed include a stepper motor with gear reduction and a

linear solenocid with a linear to rotary motion converter, such

as a wire clutch differemtial ratchet mechanism and indexing

cam Each of the various embodiments of the flow control valve

15 employed in the system of the present invention are set forth
below in conjunction with Figures 3A-3D.

| | Referring next to Figure 3A, there is shown a partially

&.& o cut-away and partially longitudinally cross-sectioned view of a

flow control valve employed in one embodiment of the present

20 invention The valve 100 consisté of an outer pressure

resistant cylindrical housing 101 which includes a pair of

internal chambers 102 and 103 for receiving operating components

of the system A threaded bulkhead feed through ‘electric

housing seal 104 is located in the electrical commector sub at
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the upper end of a rotary drive shaft 109 and heId inrigid 10
fixed driving relationship therewith by means of a socket "head set scre%&!
111. The upper end of the rotary drive shaft 109 is.j.ournal'ed by a
lowfriction ball bearing 112 which is nmounted W thin a bearing housing 113
and resists any axial thrust of the shaft- 109. The upper end of the bearing
housi ng 113 t hreadedly 15 engages the |lower end of the outer '
housi ng 101 and is sealed thereto by neans of an Oring 114. The bal
bearing 112 is held in position by neans ‘of ‘a retainer ring 115 which

overlies a busihgourphl &ST VeV ENs ivalde ki1 Ehresitl LT Obonekelén 308 117
whi ch threadedly engages the | ower énd of the bearing housing 20

113. An 0-ri ngsliScdteamat atise dowbet ewd ioft thie [valloe fairenghgdneat wuith ag 116
and the rotary shaft 109. Another Oring 119 seals the port .sub 117 to the
| ower edge of b@hwpmﬂﬁmrﬁ@@l@ﬂ@&pnmmmmm
preferably contained in a one 24 at nosphere chanber wch 'i's seal ed by
nmeans of the séuntexiorstaft ithesamld dmingie npThegcowlingshshowpaaree forof t he
drive shaft 109 S connected to a rotary vaIve Iate 121 b means of a
spifal pin 122mougtinge op lugs &’F-EEP:byit%rrm ng

of the rotary shaft 109, |t rroves u the u rface of a statlonary
val ve plate 12§"mﬁf§]i g'g&p '?ﬂ‘g“'g% gopREingover
end of the port sub 117 a a| rad ext.e ouI der 4 means
of the upper. M%ﬁ g Wég Eﬂ&%ﬁﬁg el va st

engages the Iovver’ gnd E Jhe port sub 117. . A heli cal val ve

RSN

The control line 47 from the surface electronics is.
10 com:actedtoaportionofthedawnholeelectronicspaclagesn
to receive conmtrol signals and deliver position information
signals to the surface electromic package 30. The downhole
.elect:oxtics package 52A is in tu.m connected to an absolute
position indicator 67 which may take the form of a multi-turn
15 potentiometer as will be further discussed below. The position
indicator 67 is comxected to the shaft of an electric motor such
‘as a’ stepper motor 105, which is in turn cormected to a speed ’_
reduction gear box 106. The position indicator 67 may also o/
include a reduction gear with a ratic identical to that of gear
20  box 106, The motor 105 may also be a fluld powered motor in
other embodiments including a fluid power driving system The
‘stepper motor 105 is" controlled by the subsurface electronics
package  52A which translates the signals from the surface
controller 30, through the two conductor cables of comtrol line
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spring 127 serves to exert a downvvard force agai nst the upper surface of

t he rotary valve plate 121:fo hold its tower surface in tight shear-seal
eng‘aeg#r ng relationship with-the upper surface of the _stationary valve
plate 123 to nihinize |eékage 15 t herebet ween. The sealing
action between plates 121 and 123 is a | apped W ping-type seal simlar to a
floating seat type of gate valve. A plurality of orthoglly located flow
intake ports 131 provide openings to allow the flow of fI ui ds from outside

of the valve 100 to th g neraIIy Ilndrlcal

formed withint he ror® If&"é %%ﬁﬂ@ﬂb f?ﬁa% Pfir é}ﬁh
the apertures 134 rot %%% ?Q jg;ggﬁ

apertures 135 in StgPl ongirlxil va v\éee]%% @'E' gﬁl% en zPﬂ;ll#l']'t%%ey are
axially aligned VEL VE Pé%tj 13&%%919% 123 &

noves al ong an Z\éﬂﬂsam al passa evvaymﬁg&t %ugh e%otto sub 12 -hganvd

out the |ower endeyedd Ofs t4E {AIeREN MbBbmSR BIRIIRD i 08 pdiibiiBiit

di scussed bel ow, the shape and size of the flow ports 134 and 1

the sige of the efdfeti ¥eefper motor, tid Rot@tidn of €he (Wavéaburts Whhft as

the relationship of  orifice size versus the relative angle of rotation of
the val ve pl at es.willlebeapost tpbmistabié withteembedrpower®@fend 180 degrees

ingoing fromfull closed to full open dependi ng upon the nunber of flow
ports between 1 and 3The oltputaldrivelshafE. fidn 107 from the spedd veduchion
seen, rotation of the ster notor 105 turns the output shaft 107 of the
gear reducer 106 gean doxt $06 his reonmegted to a receiving socket 108 formed in
W, the upper end of a rotary drive shaft 109 and held in rigid
10 fixed driving relationship therewith by means of a socket head
set screw 111. The upper end of the rotary drive shaft 109 is

journaled by a low-friction ball bearing 112 which is mounted

within a bearing housing 113 and resists any axial thrust of the

shaft 109. The upper end of the bearing housing 113 threadedly

15 engages the lower end of the outer housing 101 and is sealed
thereto by means of an O-ring 114. The ball bearing 112 is held
in position by means of a retainer ring 115 which overlies a
bushing 116 received into the upper open end of a port sub 117
which threadedly engages the lower end of the bearing housing
20 113. An O-ring 118 forms a seal between the lower edge of the
bushing 116 and the rotary shaft 109, Another O-ring 119 seals

the port sub 117 to the lower edge of the bearing housing 113.

The actuation components are preferably contained in a one
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shaft 109 and thereby turn the rotary valve 121 which is-connected to the

| oner -end of the shaft. The degree to which flow ports 134 in the rotar

~valve plate 121 and flow ports 135 15 in the stationary val ve\/ -

plate 123 are aligned with one another determ nes the degree to which

fluids entering the valve 100 through the flow.intake ports 131 can pass-

through the ports 134 and 135, along the passageway 136 and out the |ower -

end 137 of the flow control valve. The rotation of the motor 105 al so 20

turns the rotary shaft position indicator 167 which provides rotary

posi ti on i ndi catmaspheie nchambenr: yideht he seabted oby cwesmA ofidthehcsevenral ol

line 47 to the surface el ectronl cs package 30 indicating the actual

rotational posPEa He seals)andjhey ?ﬁﬂhence the correl ated size of the

effectlvefloworl%elntheZ valve gzgtes 21 -and 123. As can al so
[

be Sﬁetnh deelnergllz t st r th £BFa) t Hé’gz*?}ﬁ%ﬂg%h
roug e val ve plates a remai.n 03| i,on, sta ey
hold their :orf f\?%t@'% 3%‘\2‘@0?3 (znﬁtlhg’ysﬁaéﬁof) e f%e‘ﬁd} l‘ﬁ?‘ceﬁ‘l '
his allo t n. rb&hr a 0 e s m)tor
105§changes t\é\g&lﬂq Si ?g %%ﬁg NEXT 5%% @"é%w hﬂge)iog shown
a second enbodj f TeReE f the
present mvenh%cﬁ SO e%l oys ax%otor as- a an me %9
but i ncl udes S | e, { B kve, as
%@%&%ﬂtro &l%e’ PPRES 193! 16 claRbOE 1 ntB a?:é the

the actual flow co chanism ~As shown-in Figure ow control

valve 140 incl 4gepoi 8UbC117GitalAét a redially extending shoulder 124 by N
means of the upper edge 125 of a bottom sub 126 which threadedly -

10 engages the . lower end of thepcrtsub 117. A helical valve
‘spring. 127 serves to exert a downward force against the upper

surface of the rotary valve platef-'f'lél to hold its lower surface

in tight shear-seal engaging xelatiomhipvd.th the upper surface

of the stationary valve. plate 123 to minimize leakage

15 therebetween. The sealing action between plates 121 and 123 is
a lapped wiping-type seal similar to a floating seat type of

gate valve. A plurality of orthogomally located flow intake

ports 131 provide open:l.ngs to allow the flow of fluids from

Q)

outside of the valve 100 into the generally cylindrical chamber
20 132 formed within the port sub 117.  Fluid flows from chamber
132 and through the apertures 134 in the rotary valve plate 121
and the corresponding apertures '155 in the stationary valve
‘plate 123 to the extent that they are axially aligned with one
another. From the valve plates 121 and 123 flow moves along an
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101 "havi ng a t hreaded coupllng 104 at the upper end into which is. received

the control line 47. The.line 47 enters through a 15 - bul-khead -
fee‘d/ through electrical h@u5| ng seal into the electri-eal Tohnector
sub 150. Wthin the housing” 101 is contained a pair of instrunent

cavities 102 and 103 whi ch houses part of the downhol e el ectronic sub 52B.
The downhol e control electronics 52B are connected to a rotary absol ute
position 20 i ndi cator 67 whidh is connected to a stepper nDtor

105. The shaft of the notor 105 j nn t e ft e

i ndi cator 67, sucfeal m.FMYurW%pggﬁﬂ?%ﬁg’F %&ga? ‘?’ hg 7’&

al ways produces a,direct j-Ca on of the m)tor 105
whi ch tel entered %M?‘éuﬁﬁi?g t}? Hm&:t&%n%%éb{,hrough t he downhol e
el ectronics 52B and t fHH‘{%' t ﬁﬂ#f er
not or 105:is connecte to a spee re U?‘?I on gea oX fg%aé e ﬁpu sﬁgft
of which 107 is coppl eb Qoitts OL¥Ptank)8 350a2EEEks! ehlaNB12PRGE - 3R] eEective

a rotary drive shatt 141. © The speed reducer shaft 107 is coupled to the

rotarys drive shaf g brid¥id afstied vl akclellcad O relat@bndhdp of TERLFIGkAr Y
drive shaft 141 is journaled and prevented from axial novenent by neans of

a low friction bagizdamrbas the?relutifei anglecof \istatibw of lthervalgehplitica
113. The 10 upper. end of the bearing housing 113 is threadedly

engaged with the tmeevalesdpbdte ktlbhorcstatg Béiveand66 caid: d 80 hdemiees binguimgs
of an O-ring 114. The ball bearing 112 is held in place by neans of a

retainer ring 115fnoml fulbuclueed tdcfulhi apen dependingeupdmithe mumber of flow

Ao/ ports between 1 and 3 in the valve plates. .

10 25 can be seen, rotation of the stepper motor 105 turns the

“output shaft 107 of the gear reducer 106 to rotate the rotary

i shaft 109 and thereby turn the xotary valve 121 which is

_ connected to the lower end of the shaft. The degree to which

fiow- ports 134 in the rotary valve plate 121 and flow ports 135

15 in the staticnary valve plate 123 are aligned with one ancther

determines the degree to which fluids entering the valve 100

through the flow intake ports 131 can pass through the. ports 134

and 135, along the passlageway 136 and out the lower end 137 of

the flow control valve. The rotation of the motor 105 also

20 turns the rotary shaft position indicator 167 which provides

rotary position indication signals through the electronics 52A

and the control line 47 to the surface electronics package 30

indicating the actual rotational position of the motor 105 and

hence the correlated size of the effective flow orifice in the
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the upper end of a port sub 151. The upper end of ‘the port sub 15 , .
151 is readedl y engaged into the-lower end of the bearing housing 11& nd
seal ed thereto by means of an O-ring-119. The rotary shaft 141 is seale y =
mans of an O-ring-118 and extends axialty down through the port sub 151.

The shaft 141 includes external ..threads 152 forned on the | ower end thereof
whi ch are 20 in threaded gee wth the internal threads of a*®
drive insert 153 axially positioned within and affixed to a non-rising
poppet valve shaft 154. The.lower end of the poppet valve 154 has a poppet
head 142 af f i valid jpRatés> 121Aand)123) 0jhs 1&64n alse tissean,t Ideemmgahidg et i on
along the periphery of the valve shaft 28 154 and engages a pin 145

passi ng t hr oustepper siotonalPs ocaudes fhet fhow g@ningscthyough jtheyalyeot 155
prevent the poppet vaI ve shaft 154 fromrotating within the sub 151. The

| oner end of 1215apd 1123 (4 apmaln poshbion staktes 1.e., they hodger end

of a bottom sub 126 the r ed es of whi.ch npunt_a poppet vaI ve seat .
144. The ci r Eoflf Qd 1&%(1&1 s’%&n?ﬁg‘ﬂﬁ@&tf £ out er

e i pheral surface of the t head . 142 _ Iovver end of the
pet. val ve ji M %F‘ﬁmé‘adﬂteﬂ‘ r"é%%fv\g‘é'?mefh HOD QFs Bt ¢ he

poppet head 10 Qﬁ% V- a selected linear

novenent versﬂgw iﬁé %‘%ﬁ% %&gﬁ‘rzﬁe val ve operating range.

The | ower edge of E:::B?éf @é_é& a .alg 1igt Y, ﬂ* orth 1y

| ocat ed fl ow i-ntake por 1 or e ro{}gqﬂ t outer wal % € val ve

housing and Wi 3kae N aC#I G chtrdd ma&@m in the system of the

presentinveutionwhichalsoemploysamtorasadﬁvimm -

10 but 1nc1uies a non-rising stem poppet valve, rather than a
rotary valve, as the actual flow control mechanism.' 2As shown in
Figure 3B, the flow control valve 140 includes an outer housing
101 having a threaded coupling 104 at the upper end into which
is received the control line 47. The line 47 enters through a

15 . bulkhead feed through electrical housing seal 'into the
electrical connector sub 150, Within the housing 101 is
contained a pair of instrument cavities 102 and 103 which houses
part of the downhole electromic sub 528 ‘The downhale control "/
electronics 528 are commected to a rotary absolute position

20 indicator 67 which is comnected to a stepper motor 105. The
shaft of the motor 105 is commected to the shaft of the position
indicator 67, such as a multi-turn potentiometer so that the
indicator always produces a direct indication of the rotary
position of the motor 105 which telemetered-to the surface
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15 cylindrical cavity 143 in flow comunication with an axi al

- passageway 146 leading to the outlet end of the valve 147. When the poppet
val'ye -head 142 i's spaced from the poppet valve seat 144, flow of fluid can
"“occur-fromthe outside of thé valve through the flow intake port 131, the
~annul ar cavity 143, the 20 fl ow passageway 146 and out the | ower
end 147 of the valve. Rotation of the rotary drive shaft 141 in one
direction causes the threaded engagemmt between the |ower end 152 of the
shaft 141 and the internal drive threads 153 of the poppet valve shaft 154
to.rotate with redgctromieso ¥ WWW relegtrpaics) 52B randitthe

-gg\r/neasc]t gge\r/a![ \éetshaft 154 dowg.144 g c%}%fef oppet val &02%118 1{12 to
EQ?LFE’SH“ﬁfP& h&”t'”“agﬁ%eﬁswfﬁ#ﬁt SeRe Ry o e eiﬂfl@%@s“ t nadh o

' 131
and the val ve outTaPRity 28 saidBalto %%%*‘.ﬂ'eei%ﬁ{aﬁ% .84 E’*‘é‘e&%&ﬁéﬁf 141
in thg opposite djr dﬂwss}‘g&pqg et %egp%a% ﬁ#&s

direction to open the tFow orifice of the va onlng

the poppet val ve digaflea 1P thl rdtary aRWEEEhSFE 109 Hy widlndVde) ol rggaﬁenéathe

val ve seat 144 causes a restriction in the fIOW|n proportion

di stace between g \wdreh heRd l4Rea avbbe praget 14441 JhhalédCana
rotational position of the drive shaft 141 is directly related to the flow
control 15 prevefited | fBmb aikiEe okrEiflanto BRcinedi®a bfl 42 1lokdfidtival ¥aliseal
144, '
M bearing 112 which is received into a bearing housing 113. The
10 upper. end of the bearing housing 113 is threadedly engaged with

the lower end of the housing 101 and sealed thereto by means of
an O-ring 114. The ball bearing 112 is held in place by means
of a retainer ring 115 and a bushing 116 which is received into
the upper end of a port sub 151. The upper end of the port sub
15 151 is threadedly engaged into the lower end of the bearing
housing 113 and sealed thereto by means of an O-ring 119. The
rotary shaft 141 is sealed by means of an O-ring 118 and extends
axially down through the port sub 151. The shaft 141 includes
external threads 152 formed on the lower end thereof which are
20 in threaded engagement with the internal threads of a drive
insert 153 axially positioned within and affixed to a non-rising
poppet valve shaft 154. The lower end of the poppet valve 154
has a poppet head 142 affixed thereto. A key slot 155 extends
in the axial direction along the periphery of the valve shaft
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In the operation of the poppet valve nechanics of Fig. 3B there is no

di spl acenent of the poppet valve or steminto or out of the actuation | /
chanber. This reduces the operating forces for the valve to those of: (\T/
the friction of one shaft seal; 20 (b)the friction of the threads
and the key pin and slot;, (c) the forces to seal. and unseal the valve; and
(d) the flow friction forces. The poppet valve is position stable with no *
i nherent terdency of the valve orifice to change positions. without powered
rotation of the stepper notor 105. In the fully closed 30 position, the

val ve seats f a54aah@ehgeriescanginims. pabéimyes:hwalgn [thev aidetval znofll @@ be
provided with a resilient seat for inproved sealing. As can be seen, the
producti on of pelrtcsub d481. siTheapin I¢Stdnd Slot 155 pmeaurﬁncpommttval\#eer on
the control line 47 causes the production of control -signals fromthe
downhol e el ectehafitcib4s fpom Fotating whhin she gortgusdspper ot or 105,
rotation of the speed _gear reducer 146 and thus the rota ry. aft 7.

tatlon of the shafTherdpwegs ead of é'-l'?ﬁn@%ﬂ'r (U dS ?'Ithr%ﬂﬁ”df gt ctheet ween
t he ex r of the v and the | ower_ end 147 thereof
Thé r ot at i onal*PPBEi ?‘?‘i)ﬁ’% ??P‘F}PB ‘%i\iﬁg upper ©(gp4, Of; Which

oL epper 1ot 08 A ek SHHE! | oL ASEE ok Yo tﬁ%@ ow
Seen? the | i SPRERIERA 85 moRlind WB! Reat pontgberat epkBldor O BB 20, 7T

'”there'at"fa%aaoﬂih%échedtotnelmendofthapcppetmveshaft154
to form a seal therebestween. The valve nose of the poppet head
10 - 142 is shaped to provide a selected linear movemart versus flow
~area relaticnship through the valve operating range. The lower
edge of the port sub 151 contains a plurality of orthogonally
located flow intake ports 131 fom\adthmxghtheouterwall of
the valve housingazﬂ which are connected to a generally
15 cylindrical cavity 143 in flow comunication with an axial
passageway 146 leading to the outlet end of the vaive 147. when
. the poppet valve head 142 is spaced fmm t.hepamet valve seat

C;

144, flow of fluld can occur from the outside of the valve

through the flow intaks port 131, the annular cavity 143, the

20 flow passageway 146 and out the lower end 147 of the valve.
Rotation of the rotary drive sha;ft 141 inomdirection causes

the threaded engagement between the lower end 152 of the shaft

141 and the internal drive threads 153 of the poppet valve shaft

154 to rotate with respect to one snother. This relative
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bet ween t he poppet val ve head 142 and the poppet valve seat 144 renaining
the sane. Hence the :valve orifice  remdins in a position stable

confki-ur at i on until the appllcatlon._of 20 addi ti onal current
to the stepper notor 105 to change the f1 ow control’ ‘positions of the

rel ative parts of -the valve. 'Referring next to Figure. 3C -there is shown
a third embodi ment of a flow control valve enployed in the systemof the
present invention which enploys rotary flow control valve 31 pl at es,

as in the case of t eflrst vaI enbodi ment.,. but i ch esaaX|aII
novi ng sol enoid. a g"ﬁﬁ "P‘ﬁ%e Bk i ’%ﬁ aFﬁ“ﬁB

FéLiZ;sfﬁhséihZﬁ% S‘Eﬁ #gﬁ%%ac“@e 858 #ﬂ% R
v:';tln\elgr As shown |ﬁe§%u?£n§ghgtn vetd‘llg% Wb%%ﬁg

through el ectric gpugid Mvﬂ' h&éﬁ AA2SagAxakaly Geaity Aln khn&nn‘ée%ic 5

an el ectrical connector 161. The 10 electrical co

sub 161 nounts atﬂ&va%hfaﬁlagbaoafcwae&agﬂﬁes Edimt o€ 8¥AL VehbPebathioah

contai ns the downhol e el ectronics necessary for applying the control

actuation pul ses sfdistépaalln€16@ Bethben ithe flbw Intdker poet UBE ardl the valve
The downhol e el ectronics 52C al so sends signals froma position 15

i ndi cat or | ocat edoutldt n4vhe Siailarli0 rotation ofir the erotary tdr veoshaftl 14ine
47 to indicate at the surface controller 30 the current position of the
val ve. The el ectincie oppoeiteodireetidib@oves the poppet valve head 142 in the
U, . upward direction to open the flow orifice of the valve.
10 Positioning the poppet valve head 142 in an intermediate
position with respect to the valve seat 144 causes a restriction
in the flow in proportion to the distance between the valve head
142 and the valve seat 144. Thus, the rotational poeition of
the drive shaft 141 is directly related to the flow control
15 orifice between the poppet head 142 and the valve seal 144.

In the operation of the poppet valve mechanics of Fig. 3B
there is no displacement of the poppet valve or stenm into or out
of the actuation chamber. This reduces the operating forces for
the valve to those of: (a) the friction of one shaft seal;

20 (b)the friction of the threads and the key pin and slot; (c) the
forces to seal and unseal the valve; and (d) the flow friction
forces. The- poppet valve is position stable with no inherent
tendency of the valve orifice to change positions without

powered rotation of the stepper motor 105. In the fully closed
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"is connected to the val ve housing -101 and seal ed thereto by neans of an
~0-ring 162.- Wthin the housing 101 is a valve 20 position \?2

i ndi cat or 163 whi-ch is connected to an indicator shaft 164. The indicato >
--shaft 164 is connected to the indicator 163 by neans of an indicator
coupler 165 held in place through a set screw 166. The indicator-163-is .
spaced from an upper magnetic end piece 170 by nmean of a pair of spacers ~
171 and 172. Spaced 32 bet ween the upper nagnetic end piece 170 and a

| ower magnetic end piece 173 is a magnetic centerpiece 174.. A coil spool

. 175 has wound pdedrtion,. sthe wples seots forcaakow jesktcandétidmet \/\Eérﬂeshe'edpper

“énd piece 170 and the negnetic centerpiece 174 and a | ower coi |
177 positi onedtiset ¥akve t ¢an | 8lfQ hﬁgﬁé??’@eénd’iﬁhe@e !Eﬂ-lécﬁﬂtt Reatmdastic
174. A noveab) e sol enoid anture conprises an axially noveable core nipple
178 which is atMRRONEd 82LERE | over end of a magnetic core 179. The sol enoid

housing 101 is thr adedl attach to uter 1 r at che hou5| ng

180 and seal ed the &‘% 'f‘f‘ﬁ‘@“ egecqaﬁé:a}mg '

co nipple 1 pper_.end of a_c Ieeve 182
hI d agai nsguﬁﬁ?%ngﬁﬂ?ﬂ%% a‘%a%qﬁn? 2 eﬂPnaﬁ %Pod 164

ext ends axi al |

to a stem ext e%fgw 8 stem ex%%4 I nc?tud(%s a pal ]%mém ally

spaced, circunfseaRabhabt Y t&gﬂé}gdowe X ns],%g?eﬂg, &6@@ Ehedt GRbye and -

al l ow axi al novenent of a pair o
reducer 146 and tlms the rotary" shaft 147. Rotation of the

shaft 147 causes a change in-tl\e-ﬂ-w-cmrtrol orifice between N
10 = the exterior of the valve 140 andthelowarend 147 thereof.
The rotational position indicator ‘61 is comectad to the shaft
- of the stepper motor 105 through a reduction gear and hence its
_output always indicates a value whichcan bé directly correlated
to the degree of flow being allowed thm:ghthe flow control
15 valve. As can also be seen, the interruption of all current
flow to the stepper motor 105 results inthe relative positions
between thepoppet valve head 142 a:ﬂthepoppet valve seat 144
remaining the same. Hence the valve orifice remains in a

©

position - stable configuration um:il the application of

20 additional current to the stepper-n_otgr:tos to_ change the flow
‘control positions of the relative parts of the valve.

Referring next - to Figure‘-sc,*-;_“t‘r;er'e’-“-is shown a third

embodiment of a flow control valve employed in the system of the

_present invention which employs rata:.yflow control valve
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The ‘upper end of the stem extension 184 has a circular 20

radi al |y extending flange 188 which includes a downwardly facing outer edge
porki-on 189 with radially extending teeth formed thereon. An upper clutch
sl eeve 190 includes an elongate tubul ar shaft which is journal ed upon the
stem extension 184 for relative.nmovenent in both circunfertial directions.
The upper 33 end of the upper clutch sleeve 190 includes a circular
radially extending flange 191 which has an upwardly facing outer edge
portion 192 with radially extending teeth theren = Wen the radial teeth
in the downwar dl ypXatesoae dgetimrdasenofl &heofitdte vAlve embodiment) avatewhietsi on
fl ange edge 188 engage the radial teeth in the upwardly facing edge portion
192 of the upper wdest shaxliabby endviing el esdid lasmaturepte rrovide the gettietias a
unit in the circunferential direction. The opposed sets of radial teeth
formed in the cluwamspfer setafing rhs srdvey ThieHia arremplished bycmeams of a
angl e of the teeth approximting the cam angl e to prevent camm ng. apart of
the teeth during HHeps: 8. ghjs

from aone anot her t ch sl eeve 19 ves freely ahout the stem
ext ensl on shaft i.‘f?qffﬁt %r‘%’&ﬁ#‘ S%PP%WT?“% g

identical |ower clut sl,eev 93 ha n te fubul ar shaft Wmch i S.
j ournal ed upon t R m ’ﬂg? "'?‘%5‘%? e%eﬁg‘f?ﬁt 184 for relative
novenent in both circ C tajnON PistPf' -t liﬁwr
clutch sl eeve 193 inc#grf es a CI rcu ar radi a y"‘g‘i}?e%@. ngmti angea I ch

has a feed through electric housing seal to allow passage of the
A control line 47 into an electrical comnector sub 161.  The
10 _ elect:;ical' connector sub 161 mounts a downhole electronics

package 52C in a cavity 102 which contains the downhole

electronics necessary for applying the control actuation pulses

 sent via the control line 47 to operate the valve. The

downhole electronics 52C also sernds signals from a position

15 indicator located within the valve 160 to the surface via the
control line 47 to indicate at the surface controller 30 the

current position of the valve. The electrical comnector sub 160

U is comnected to the valve housing 101 and sealed thereto by
means of an O-ring 162, Within the housing 101 is a valve

20 . position indicator 163 which is connected to an indicator shaft
164. - The indicator shaft 164 is connected to the indicator 163

by means of an indicator coupler 165 held in place through a set

screw 166. The indicator 163 is spaced from an Upper magnetic

end piece 170 by means of a pair of spacers 171 and 172 Spaced
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20
extendi ng tee

engagenent th
182 overlies:

" 167 which is

upper end of

whi ch includes an upwardly facing outer edge portion 199 with radially

exterding 5

upwar dl'y faci
angul arly for
the lower clu
extension 18

direction When the two sets of radial teeth are spaced from one another,

downwardl y facing outer edge portion 195-mﬁth.radiéliy
th thereon . The | ower end of the sten1exten3|on I's

the stem 196 has a circular radially extendi ng shoul der

t hreadedly coupled to the upper end of a stem 196 and hld. in.secure ;_.\‘)'
erewith by a set screw 197. The |ower end of the cam sl eeve
mest of .the stem 196 and includes 34 = a longitudinal slot

open at the I|ower end to receive the dowel pin 168. The

%

between thb®@bper : i erangiedy |yrof ahdeg Iadkahagﬁaﬁh of -the

ng edge portion 199 of the s houl der 198 engag

end pibedli 78 eid Ta inaghiel o @enveipdbye AL N8 66lc spest 1198 195 of

tch sleeve flange 194 the two parts, along with the stem

has -waurd thewpddie @ni upparheold 176 and positioned hetesdn ahe

the | ower :cl uuppes jendvpikeceo 370nandsthe segyeticocenterpiete 174 andhai owexhaf t i n

both circunfe
s face of th
are an upper
upper end dru
| ongi t udi nal |
202 includes
I n the upper

10

rential directions. CNerkang and j our nal ed upon the outer
tlogrrimagnetbe rend| piede i73a@and 190
drum 201, a center drum 202 and a | ower end.drum 203. The

ecil; 177 positioned detupens

OFagRRYLG m 74 20 vieveable ' slancidd amwataren upper

xtend| n ;5. 204 i he cam Sppfevf’lsl%i The. cent er drum

perture

£o a1 80 S' & ena tgo b ca&e 170,

The solencid housing 101 is threadedly ‘attached to an outer

ratchet housing 180 and sealed thereto by means of an O-ring

181. The lower end of the core nipple 178 is threadedly

. attached to the upper end of a cam sleeve 182 and held against

15

movement by means of a clamp mit 183. The indicator rod 164
extends axially down through the core nipple 178 and is affixed
to a stem extension 184. The stem extenﬁion1184[includss a pair
of axially spaced, circumferentially extending recesses 185 and
186 which receive and allow axial movemént oOf a'p'a:ir'bf dowel

 pins 187.

20

The upper erd of the stem extension 184 has a circular

radially extending flange 188 which includes a downwardly facing

‘outer edge - portion ‘189 with radially extending testh formed

thereon. ~ An upper clutch ‘sleeve 190 ‘includes an’ elongate
tubular shaft which is journaled upon the stem extension 184 for

relative movement in both circumferential diréctioné."nuaupper'
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connect it therewith and into the upper recess 185 in the stem extension
184" The | ower énd drum 203 includes a dowel pin 205 which is received into
a c\em ral longitudinally extending slot 206 in the cam sleeve 182. A
helical clutch spring with Ieft 35 hand w ndings 207 overlies and
engages the cylindrical outer surfaces.of both the upper end drum 201 and
t.he upper portion of the center drum 202. A simlar helical clutch spring
wi th right hand w nings 208 overlies and engages the cylindrical outer 5
surfaces of both the lower end drum 203 and the | ower portion of the cent er
‘drum 202. - Over|l ylﬁﬂé ofi cheouppRy sduteiv sleeee d¥Peinalydes & cdrouiar

shaft of the | ower tch Ieeve 93 upper end. drym 209, a center
irum 210 ang o IR o) koo B palhy s i e
it ol ot AR A IiLes S ol i .
193 toprl gidly conne@(tt%%qﬁh e&kﬁgw %ﬁlﬁ#‘%@ #@é@? ﬁ% ?rkn

;S);[ﬁmz g whi ¢h issfgéel ve |nto émrg; &?dﬁoongltu | aﬁ?ﬂe extend| ng sla% I n

the cam sl eeve 1¢guarddylaciny B84E CHortRbhNA9¥ bE Eﬁét

overlies and engages the cylindricCal outer surfaces of oth t he upper end
drum 209 and the figRgs B9It B8 RUwol RRArES) move togetlE@Nidy &' umt 218 theA

simlar helical clutch spring with a right band wi nding 216 overlies. and
engages the cyli ciptutferenti®l direction. The opposed sets of radial teeth
U formed in the clutch pl_ates are preferably each formed with the
10 angle of the teeth approximating the cam angle to prevent
| camning apart of the teeth during operation. When the two sets
of radial teeth are spaced from one ancther the upper clutch
sleeve 190 moves freely about the stem extension shaft in both

| circumferential directions.

15 - An identical lower clutch sleeve 193 has an -elo_ngate .
tubular shaft which is journaled upon the lower portion of the
stem extension 184 for relative movemant in both circumferential
directions. The ‘lower end of the lower clutch sleeve 193
includes a circular radially extending flange 194 which has a
20 dowrwardly facing outer edge portion 195 with radially extending

teeth thereon. . The lower end of the stem extension is
threadedly coupled to the upper end of a stem 196 and held in
secure engagement. therewith by a set screw 197.  The lower end
of the cam sleeve 182 overlies most of the stem 196 and includes
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surfaces of the lower end drum 211 and the | ower portion of the center drum

210. 36 A

fl anged end of

helical coil spring 217 is conpressed  between the radi al
extendi ng flanged end of the | ower end drum 203 and the radiall y extendi

t he upper end drum 209. The biasing force of spring 217

hol ds the dowel pin 200 in the upper 5 Lo end of slot 204 and the.
teeth on the upper surface of the outer edge portion 192 of upper

clutch sleeve 190 in driving with the teeth on the |ower surface of the
outer edge portion 189 of stemextension 184. Simlarly,

of spring 217

aoldagithdidaleslat n167 3which- his' [apety sl ek 64 to

t he bi asing force

214 and the teeth in the | ower surface of the outer edge portion 195 of the
| oner clutch sreceiyeltie iGowel i Mimd68ngaenvppas epdtof theestenori%ﬂampper

surface of the outer edge portion 199 of the stem 196.

2O roHLEF - Rdbablyy W&%eﬁ%%flﬁ%em% npjadesr @nons

of dowel pin

Downwar d npvenent

192 and 189 while 1 _ Ieae\g ng the | ower sets of teeth on edge
portions 195 a Y'i fp%rpv%er ge” partign 193 jdth, FpaiAally exkendingy -
upwar d novenent 213 W i se ga he | ower s_ ts of teeth on
edgk portions 'i F@g'fﬂé?é g@?&‘ ¥ ge

portions 192

Ref err'ing br i f %393 Pgﬁ’r‘# S5 b cmsm "

overlies and e
The upper sl ot

%ssgy Beral | s 30 ekt ol TG 3BARES CEARGE UNC

e cam

.portion 195 of the lower clutch sleeve f.lange 194 the two parts,

10

15

along with the stem extension: 184.move together in the
circumferential ‘direction  When the two sets of radial teeth
are spaced from ome another, the lower clutch sleeves 193 moves
freely about the stem extension shaft in both circumferential
directions.. | '

Overlyingaxﬂjmmledupcntheoutersﬁrfacéofthe-

tubular shaft of the upper clutch sleeve 190 are an upper end
drum 201, a center drum 202 and a lower end drum 203. The upper
end drum 201 includes a dowel pin 200 which is received into an
upper longitulinally extending slot 204 in the cam sleeve 162.

‘The center drum 202 includes a dowel pin 187 which extends

20

through an aperture in the upper clutch sleeve 190 to rigidly
connect it therewith and into the upper recess 185 in the stem
extension 184.  The lower end drum 203 includee a dowel pin 205
which is received into a central longitudinally extending slot
206 in the cam sleeve 182. A helical clutch spring with ieft
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sl eeve 182 which receives the dowel pin 200 is angled downwardly 37 - and
to.the left while the |ower 'slot 214 in the cam sl eeve 182 which receives
doW&P pin 213 -is angled upwardl-y and_to the right. The central slot 206
in the cam sleeve 182 which'receives dowel pins 205 and 212 extends
parallel. to the 5. = - longi tudi nal "axis of the sleeve 182.
Alternatively, the stroke length of the camsleeve 182 may be adjusted by
screw ng the core n|pple 178 into and out of the threads in the top of the

cam sl eeve. Chan t he strok en of e cam sl 2 i e
direction over t tWéFiB%nﬁng ‘?‘F?g:ﬁ%? Tﬁe%n jﬁﬁ‘d‘d]

angul ar relation_jn.one dir i tr ke.
Ei t her of these Fmaﬁege?%ﬁeaﬁea egkgn eﬁ(')sicej t| onﬂg‘?&? ﬁ%‘g& e gf
the valve flow o | gg?%% f t her
expl ai ned bel ow. e wer é?Btifgeéi'g‘tﬁ §?£si rc|¥g ?%iﬁ Xe§R| nIggEa 15
socket 251 in thﬁaﬁ@p@fﬁa& Oio@ &RirdiYs Uand/ Corifaghd HO @,Ba.tmﬂ&lofm&er

socket head screw 111. The upper end of the drivé shaft 109 is journal ed by

meanss of a bal | bestdded df BobR!tthe DodRis ehi Gruly 203 &8 AEHE Lok potifon’ bd
overlying a bushing 116. The ratchet housing 180 is threadedly attached to

a bearing housi nghd bdnted &Om 202. @ sealed thereto by nmans of an 0-ring
252. The ‘bearing housing 113 is, in turn, sealed to a rotary port sub 117

by neans of an O-ri n@va;Eﬁginng:d ojmm:alnﬂoﬁpcmethhlwehadufm of thal ed

by an O-ring 118 and connected to a rotary valve plate 121 by nmeans of a
spiral p| n 122. tibdaroshaft \aof wheplower rlotcvcsleewe 393 are an upper end
i drum 209, a center drum 210 and a lower end drum 211. ‘The upper
10 ~ end drum 109 includes a dowel pin 212 which is received into the

| central longitudinally extending slot 206 in the cam sleeve 182,

The center drum 210 includes a dowel pin 187. which extends

through an aperture in the lower clutch sleeve 193 to rigidly

connect it therewith and into the lower recess 186 in the stem

15 extension 184. The lower end drum 203 includes a dowel pin 213
~which is received into a lower longitudinally extending slot 214
in the cam sleeve 182. A hei_ical clutch spring with left hand
windings 215 overlies and engages the cylindrical outer surfaces
of both the upper end drum 209 and the upper portion of the
20 center drum 210. A similar helical clutch spring with a right
hand winding 216 .overlies .and engages the. cylindrical outer

surfaces of the lower end drum 211 and the lower portion of the

center drum 210,
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38 stationary valve plate 123. A valve spring 127 holds the rotary val ve
“plate 121 in flush shear sealing ' enent wth the stationary val ye ;
plate "123. A plurality of orthogonally arranged flow intake ports 13T

£l

" form-a passageway betwen the 5 exterior of. the valve and an

interior cavity 132. A plurality of flow ports 134 formed through the
rotary valve plate 121 may be aligned with a matching plurality of flow :
‘ports 135 in the stationary valve plate 123 to control the flow of fluids
fromthe exterior of the valve through the flow intake port 131, into 10

the val ve cavity 182 helbéfligboihe spkigfiedipoiss dakprassed. Sbetbery i

axial'ly flow passage 126 and. " out the |ower end of the valve 137. The
bott om sub 126adiakiy ektendingt flargedcendcol Wie lowerpend dmin 207 anfl theans of
t hr eaded engagerrent Thread 105 on the exterior of the bottom sub 126
enabl es coupl imagiakly extending fianged end of |Woum¢xemﬂodpm@098 He S
enbodi ment of the flow control valve has a linear sol enoid dri vi ng an

i ndexi ng cam $i-88iRg feres qfosRTEY allﬁﬁ-ﬁst%Q@ﬁIaMr@ocim% upper

differential ratchet chani s selecting the polarity of an applied

el 8ctri cal puleé’é ﬁﬁ @E ‘£ the te%r?%ctg“ YPRET; SEiase|of dhepauter

sel ectively en I zed ush or he ca | eeve (182 to index
the differenti a?‘ﬁ*?ér?“ n%r g sp? nFF B ns t he

sleeve to the GenlGlarOH dii Ule &Qﬁ%%&% su&aBL &dé@ Sierdage
| portion 189 of stem extension 184. - ammy, the biasing force -
of spring 217 holds the dowel pin 213 '1'n tne' lower end of slot hd
10 ' 214andtheteethinthelowersurfaceofthaouteredgeportion |
195 of the lower clutch sleeve 193 in dz.:l.ving engagemem: with
the teeth on the__upper surface of the' outer edga portion 199 of
the stem 196.. Downward movement of dowel pin 200 will disengage
the upper sets of teeth on edge portions 192 ‘and 189 while
15 leaving the lower sets of teeth on edge portions 195 and 199 in
driving engagement with one arother. Similarly, upward movement
of dowel pin 213 will disengage the lower sets of teeth on edqe

€

portions 195 and 199 while leaving the upper sets of teeth on
edge portions 192 and 189 in driving engagement with one
20 ancther. ' -
Befer:tngh:i.eﬂyto!‘ig 7, themcanbaseenhowthecam
sleeve 182 overlies and encloses the spxing and clutch
mechanisms described above. The upper slot 204 ‘in the cam
- sleeve. 182 which receives the dowel pin 200 is angled downwarxdly
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sol enoi d- t he val ve actuator is prevented fromturing so that the valve
orifice is position stable in the unpowered condition. As can be seen from
Fi g\:u”és 3C and 7, energi zathn of the coil 176 with an electrical pulse

puI | s the magnetic core 179 5 upwardly fran a center position
toward the upper nmagnetic end piece 170 whil e energization of the coil 177
with an electrical pulse pulls the core 179 toward the. |ower magnetic end
pi ece 173. The particular coil 176 or 177 is selected for

energi zation, by a pair of reverse connected di odes, in response 10 - -
to a pul se of oneaidl#y ithg Deft Mhidéhtlie loher iglet2274 ieephe tdam SDeevrel 1821 N
approximately the center position. Mvenent of the magnetic core 179
causes novevent owhide xemedves pagtreell fn rRiBhdsarangledi vpeenddy Bndi tg the
cam sl eeve 182 in the sane axial direction. 15 _ .. Movenent of
the cam sl eeve 18Eightwar dfhe jcential dslatct20f 7 the coampogleaynudde twindch
dowel pin 200 to follow the slot 204 and nove C|rcum‘erent|ally in the

cl ockwi se di rect | FeGRIFRE nFEIN .. "Suc?psm)%%eﬁﬂ ofextreds: s prsaldele @2 theves

t he dowel pin 213 u rdly which I|fts d pin 187 and the |ower clutch
20 3 - sl ee%@%i-g- agtg Pﬁmrm?et ymﬁﬁYon%m

Phe | over ol utch é?r%s%xeo% 5he %%&2% o e” R A ATy
e e orel Phid ety ﬂéwow% it
. cam sleeve. Changing the stroke length of the cam sleeve 182 in
s . one direction over the other changes the relative distance of
- 10 angular relation in one direction over the other direction on
each stroke. Either of these two alternative features enable
selection of the size of the valve flow orifice in very small
increments of value as will be further explained below.
The lower end of the stem 196 is rigidly affixed into a
15 socket 251 in the upper ernd of a rotary drive shaft 109 by means
of a socket head screw 1i11. The upper end of the drive shaft
109 is journaled by means of a ball bearing 112 held in position
L . by a retainer ring 115 and overlying a bushing 116. The ratchet
‘housing 180 is threadedly attached to a bearing housing 113 and
20 sealed thereto by means of an O-ring 252. The bearing housing
113 is, in turn, sealed to a rotary port sub 117 by means of an
O-ring 253. The lower end of the drive shaft 109 is sealed by
an 0-ring 118 and connected to a rotary valve plate 121 by means
of a spiral pin 122.  The rotary valve plate 121 overlies a
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teeth on edge portions 189 and 192 in driving engagerrént wi th one anot her.

G rcunferential novenent of the dowel pin 200 i'n the cl ockwi se direction

the incremental distance by which the upper and | ower ends of: sl'ot 204 & .
circunferentially displaced 5 from on anot her, also rotates the -
upper end drum 201 through the same-inc.- . . .distance. Rotation of the .
upper end drum 201 causes the left hand wound spring 207 to grip the cente *
drum 202 and rotate it which noves dowel pin 187 and t he upper clutch

sleeve 190. The right hand wound spring 208 slips to 10 - . _.prevent
rotation of thetatidriydvalveZfilatier @23.I ORIVALVE aisﬁdgow holds théﬂl@&&y. The
driving engagement between the teeth on edge portion 192 of upper clutch

sl eeve 190 andvetive pbate o121l 8n oflusie sheam ®eabing cenghfdmentn daths thie

increl rotation of the stem extension 184 and the stem 196 to which it is
coupl ed. 15 = stationarpotvalven petehd23:i em AL9pluxeditys ofheoxthogonallyft 109
and the upper valve plate 121 and. changes the effective flow orifice of the
val ve an mcreﬁfﬁ%‘aedar% t infalemerys 131 form & Dassagemy dRtvern dthe

E:g vgf 1§F2)r;[(r)]g|ts eu aﬁ&g |onE fhown I n. Flg 7 |s grodu%gd b% tggwel

Ei ceve 104 Sad”icﬁf”e“ e rﬁ%ea«met W%# RS TPLERY 162
2

ci rount or ont i affyatighel SR & tegedf féﬁﬁ@g“?ﬁ‘i{ & BgnoRre dR e

direction, |00gipghhry valve plate 123 to ccm'.ral the flow of fluids from

AR

the exterior of the valve through the flow intake port 131, into
10~ the valve cavity 132, through the aligned ports 134 and 135
along an axially flow passage 126-and out the lower end of the
valve 137. The bottom sub 126 is coupled to the lower end of
the port sub 127bymeans of threaded engagement. Thread 105 on
. theexteriorofthebottmsub 126 enahles coupling of the valve
15 into other components.
.. This embodiment of the flow control valve has a linear
solencid driving an indexing cam sleeve which rotates a shaft

@,

through a wire clutch'differential_-_-ratchet_ mechanism. By

selecting the polarity of .an applied electrical pulse at the

20 _surface, the -solemid'cah be selectively energized to either
push or pull on the cam sleeve 182 to index the diffezeni:ial

ratchet a portion: of a revolutionand a si)x:ing- returns the

. sleeve to the center position. When no power is applied to the
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down. = Such novenent of pin. 200 rotates the upper end drum 201 but,
because of slippage of the left hand spring 207, the center drum 202 does

- not 6t ate and the upper clutgh sleeve 190 does not rotate so that the stem
extension 184, the stem 196, the 5 rotary shaft 109 and the upper
val ve plate 121 renmin wher e they were and the flow control -orifice_is not
changed. Simlarly, novenent of the cam sl eeve downwardly, in the direction
of arrow 221, causes the dowel pin 213 to follow the slot 214 and nove
~circunferentially in the counter-clockw se 10 di rection, |ooking
down... Such nove®elencidhdheavakye caatuator igy erevertedo fotm (ffurndog vaﬂnltdly
whi ch pul I's dowel pin_187 and the upper clutch sl eeve 190 domnmardl

di sengage t he upfte @ive erifice ip peeibise grahleoin

Ztgi”’ Délmd roverdf SBR Bcbesh FER G tﬁ#ﬁﬁéﬁizﬁiﬁéf?.%%
7

@@V‘Letyoﬁ %t ”:t ﬁi%‘hi‘é%g?%t%ﬁ | SRl piEe BN chd [pethc "B U4C

\évlot sons_ anglt o%ésaé' di rect | on | ncr&’og{?to? &gg%%nce by% é'%‘#’%% uppeﬁ o

and | ower ends o%n sbot17 31%{1 eﬁ%ﬁ% i leéié]yccﬂlsﬁ'ﬁ‘%ﬁ‘éhféﬂ@l%&i

anot her, also rofates the rough the sane increnen aI

di stance. Rotati ggigd flas! eHE" o8R! Lol okdd qggsq_%{ze ?glﬁchaﬂ.ﬁ

spring 216 to grip the center drum 210 and 42 rotate 11 which noves
dowel pin 187 and78.0vetheC! gafticui&eveoid4.176 = or 177 is ' selected for
A ~ energization, by a pair of reverse connected diodes, in response
10 - to a pulse of one polarity or the other. Spring 217 keeps the
- core 179 in approximately the centex éosition. - Movement of the.
magnetic core 179 causes movement of the core nipple 178 in the
axial direction moving the cam sleeve 182 in. the same axial

direction.

-15 Movement of the cam sleeve 182 upwardly, in the direction
of arrow 220, causes the dowel pin 200 to follow the slot 204
and move circumferentially in the clockwise direction, looking
&”( . down Such movement of the cam sleeve 182 moves the dowel pin
213 upwardly which lifts dowel pin 187 and the lower clutch
20 sleeve 193 to disengage the lower sets of teeth on edge portions
195 and 199 to .allow stem extension 184 to rotate with respect
to the lower clutch sleeve 193. Upward movement of the cam
sleeve 182 also moves the dowel pin 212 upwardly to maintain the
compression on the spring 217 which holds the upper sets of
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The driving engagenent between the teeth on edge portions 195 on | ower
clutch sl eeves 194 and edge portion 199 of the stém 196 produces an \
increnental rotation of the stem 196. Rotation of 5 the stem 1
rotates the drive shaft 109 and the upper valve plate 121 and changes the
effective flow orifice of the valve an increnmental anmount. Return upward
nmovenment of the camsleeve 182 to its neutral position, shown in Fig. 7, is*®
produced by the bias of spring 217 10 and causes upward novenent

of dowel pin 200 to reconnect the and causes ‘upward novenent of dowel pin

200 to reconneghq ' gﬁgqu@tmge&%egﬁt&ag{ eé!'-%déflﬁ& ve 191
cam'sl eeve

and the stem extenS| on 4 et urn upward novenent o 2 al so

causes dovel pife 2drbtharf Ol txpeuinbErdr@V&T xﬁdv%ﬁe&l‘bfa'%ﬂe%l pin 200 in

circunferentially an increnental distance in the clockw se 15

direction, | ookhegcliseinise Sattectiusnens iicransntal 3 diotaices biyhehi @aheend
drum 211 but because of slippage of the right hand spring 215 the center
drum 210 does npper @indt Rowerdendse ofoslot 204itade alrmmferddhtidbbs digpldcelat e so
that the stem 196, the rotary shaft 109 and the upper. valve plate 121
reni n where tlﬁegmzme another; alsoemhehélmeroendodnmtlzmc&ngnot
changed. It should be noted that the increnental distance in the

ci rcunf er ent i athelj sane; Loaremental cdistance o Rotstion ofsthe wper end drum
counter-cl ockwi se direction, I oo mm%bdomn in: ressonse to an upward

movenent of t h@OkafRuResefbe] dott; 82tte 9dp ﬂl@hﬁﬂ‘ﬁeﬁe

i ncr ement al d| st.ance in the CII’C nf ere tlal dlrectlon
: drum 202 and rotate E c?x dowel pin 187 and the upper s

clutch sleeve 190. The right hand wound ‘spring 208 slips to
10 prevent rotstion of the center drum 202. from rotating ing the lower
‘end drum 203, ' ‘The driving engagement between the teeth on edge
portion 192 of ugper clutch sleeve 190 and edge portion 189 of
the stem extension 184 produces an incremental rotation of the
stem extension 184 and the stem 196 to vhich it is coupled
15 Rotation of the stem 196 rotates the drive shaft 109 and the
upper valve plate 121 and cha.ngee the effective flow orifice of
the valve an incremental amount. Retumdawrmxdmvementof

@

the cam sleeve 182 to its neutral pos:.t:.on, ‘ghown in Fig. 7, is

produced by the bias of spring 217 andcamesdmvard movement

20 o of the dowel pin 213 which reconnectsthedz:i.ving engagement
between the lower clutch sleeve 194 and the stem 196.  Return

dowrvard movement of cam sleeve 182 'eiéd causes dowel pin 200 to

- ‘follow “the upper slot 204 and move’ ‘ circumferentially an

incremental distance in the counter clockwise direction, looking
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by which the stem 196 noves in the clockw se direction.in response .to a
downwar d novenent of the camsleeve. This is because of the slight .

di fherence in slant angle between slots. 5 - '204-and=214 fremthe
axi s of the cam sl eeve 192. Afternatively, as mentjoned, the stroke

di stance of c€am sl eeve 182 may be adjusted- to produce -a conparable
resul t This angular difference enables effective increnental novenents
of the rotary drive shaft 109 which are as small as the difference between

the 10 ci rcunferenti al rrp.ve nt S he posjte -

di rections. Sel e&q“G‘e afinehs MRURTents Oof Bt A s "'t?? 5‘&% WE’D?‘S' 5w A%k s
in one direction.f Ilomed by Iected nb t he
opposite directi- %?f%%ﬁﬁgm f“rerl#’fa g7ftt F?S"%?“Pﬁg%@h n‘f"? er
di fference betwe u fﬂg Eﬂl&fi ch
direction, As.can be ?é’én omthe a ov%k%escrl BFI on, eac aX|vﬁ rmverrent

of the rragnetlc :%E&% ce G
novenent of the rotary valve pla e 121 |n one |rdei{:?'|%gn |Ie eaggéam aﬁ
movergnt of the Cz%s:g%te 1% aBf the upper ¥ed 424 riel hOhetaUaRsy

rotational novenent of the rotary val ve pI ate 1 in the opposite

direction. The r%la@wﬂeﬁﬁa&n@ataﬂﬂ%aywlaﬁmte 121, with

respect to the stationary valve plate 123, occurs in a series of individual
increments which are gistilaely,0nmevembhie ofitther camdslesvec idoanwanidly/ in thee

axi al nmovenents in the core 179. Thus, pulsing the sol enoid w ndings of the
core 179 causes idirbotimy fofr exome 221, ncauses the dowel pin 213 to faollow the
U slot 214 and move circumferentially in the counter-clockwise
10 direction, looking down. Such movement of the cam sleeve 182
noves the dowel pin 200 dowmwardly which pulls dowel pin 187 and
the upper clutch sleeve 190 downwardly to disengage the upper
sets of teeth on edge portions 189 and 192 -to allow stem
extension 184 to rotate with respect to the upper clutch sleeve
15 T S} 8 Downward movement of the cam sleeve 182 also moves the
| dowel pin 205 doﬁnwa::dlytomintainthecoupmssiononthe
spring 217 which holds the lower set of teeth on edge portions
195 and 199 in driving engagement with. one . another.
Circumferential movement of the dowel pin 213 in the counter-
20 | clockwise direction incremental distance by which the upper and
lower ends of slot 214 are circumferentially displaced from one
ancther, also rotates the lower end drum 211 through the same
incremental distance. ,Rota_t_:ion,pf the lower end drum 211 causes

the right hand wound spring 216 to grip the center drum 210 and
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successi ve novenents fromits center position to either an upward or
downwar d position, depending upon the polarity of the 5 pulsekgj
and then return to the center position. These nobvenents cause successiV -
rotational novenentsi'n the rotary valve plate 121. Wen the core 179 is
stationary, the-rotary valve plate 121 is also stationary and position
stable with respect to its given position. ot ati onal novenent of the :
rotary drive shaft 10 109 simlarly rotates the indicator shaft
164 to rotate the shaft.of. the indicator 163 and thus provide an
uphol e i ndi cat boghte! 1t QAR AVBORIRQ £1:5 187 &1 L e 2Tueér slBeve a0l O

line 47, of the position of the rotary valve plate 121, and, hence, the

ef fective val vehedriviny sngagementl betweah ithel Yeeth &h edge portions EIHSSbA can
be used to rmaintain a count of the nunber and polarity of the pul ses

appl i ed to thelowierdutichraleeves c184 axndnedge portbom i 1990 wE itheli gtan 496 0f
the- effective valve orifice size froma calibrated reference value. As can
be seen, the sPreduceEe amtinerementadcmevation of tthel Byem(O196. Rotationak€s
movenent in the axial d| rectlon and translates that into rotational

movenent by vi e Stem rPRakas they éFh‘ﬁcﬁW s et theauaper iv@dvporti on
of the third e odlrre theflowc l've shown .in Figure 3C. 45
Referrig next fe"%ﬂﬂw e%ﬁ%%ﬁ'v& Q- HicePE Jher Wlveaane
whi ch i ncor por tes the sol engi d actuated rotating mechani sm incor porat ed
inthe third eml Gm?%bure 3C, with a poppet type valve closure

structure to produ%% movement of the cam slaeve 182 to its neutral e
position, shown in Fig. 7, is produ_ced by the hias of spring 217 At
10 and causes upward movement of dav-'val"'pin"zoon'to reconnect the

driving engagement between the upper clutch sleeve 191 and the
stem extension 184. Return upward movement of cam sleeve 182
also causes dowel pin 213 to follow the lower slot 214 and move
circumferentially an incremental distance in the clockwise

15 : direction, looking down. Such movemem:of pin 213 rotates the
lower end drum 211 but, because of slippage of the right hand
spring 215 the center drum 210 does not rotate and the lower )
clutch sleeve 194 does not rotate so that the stem 196, the o
rotary shaft 109 and the upper valve plate 121 remain where they

20 were and the flow control orifice is mot changed.

It should be noted that the incremental distance in the
circumferentidl direction by which the stem 196 moves in the
counter-clockwise direction, looking down, in response to an

 upward movement of the cam slesve 182 will be slightly greater

43



5 enbodi rent of the flow control valve of the present invention.
As shown therein, a valve 260 includes a bul khead feed threugh electric
hoﬁsﬁng seal 104 connecting with a top housing which receives and seals the
control line 47 against well bore fluids. The electrical |eads are
connected t hrough second feed through 10 -~ sealing connectors 103
i-nto chanber 102 whi ch houses the downhol e el ectroni cs package 52D. The

el ectroni c connector sub 161 is coupled through a bul khead sub 160 to a
coil housing sub 101 by neans of threaded in os .and seals.conprising

0-rings 162. A pogj 514"3(?191 '5&;#‘&?]}6 JtankLd6s 38 DE QL :

164 coupled to the sha ?’%reo. pr&Féot at%lonal no\l(/-'grrent. _ \%gl éjgrepc%l I on
indicator 163 is goURLEdh t eréNstdill £66 Ohovedd HOANY IRARMSY &:8ibn in
coupl er 165 and nounted by neans of a potentioneter bul khead 171. An upper

magnetic end pi ecgedptisantod al AoRivward GRRLhStESE AhRC @ah /8166w, SeMiat €6 by
means of a 20 magnetic centerpiece 174. A coil spool 175 extends
beten the upper aBécdw@eeofmehacslightndi pfeamase i) sladt 1&gl bebwsertizlopper
coil 176 | ocated between the upper magnetic end piece and the magnetic
centerpi ece 174 apd andob4 from|the/dxiooft the cemvaleeve 192, ovwaskteragtistely, end
pi ece and the 173 and the magnetic 46  centerpiece 174. A magnetic
core 179 is nountas mentioned) the cwtroke distancesef t¢an rAlegvecdB2 omawf bel ow
of current through the upper coil 176 and the |ower coil 177.. The | ower end
of the magnetic codjustedo ta iprodueR |y sowparable regulfched Tdst nARTWBES

d of i ppl e 178 the | d_of
ene o @ COTe N Phi frerence enables effective incremental movements of the rotary

e - drive shaft 109 which are as small as the difference between the
10 two circumferential movements in the opposite directions.
Selective adjustment is accomplished by one or more movements in
one direction followed by a selected mmber of movements in the
opposite direction. The effective movement of the drive shaft
is the ‘difference between sum of the incremental movements in
15 ' each directioh.
2s canbeseenfmtheabovedescd.ptioﬁ,'eacha:d.al
movement of the magnetic core 179 in the upward direction
o produces rotational movemettt of the rotary valve plate 121 in
one direction while eéch axial movement of the core 179 in the
20 dowrsard direction cavses rotational movememt of the rotary
valve “plate 121 'in the opposite direction. The rotational
movement of the rotary valve plate 121, with respect to the
stationary valve plate 123, occurs in a series of ‘individual
increments which are a function of the mumber and direction of
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which is threadedly mounted to the upper end of a cam sl eeve 182 and

cl anped thereto by neans of a nut 183. The indicator rod 164 extends

axi all'y down through the core nipple 178 and is -affi.xed to a sLenlextens n =
184. The stem extension 184 10 includes a pair of axially =
spaced, circunferentially extending recesses .185 and 186 whi ch réceive and
al | ow novenent of a pair of dowel pins 187. The upper end of the stem
extension 184 has a circular radially extending flange 188 which includes a
downwardly facing 15 outer .edge portion 189 with radially

ext endi ng teet hﬂﬁ)raPFéﬂl ETRBeRES 1ntheypere 01I78{ cIThas e qydsing) thacsalencid

el ongate tubul ar af t gﬁlch S ougﬁ | ed on the stem exetension 184 for

rel ative rmvema‘ﬁ’t -t i B sPerfer GHBePTAETR t he
upper clutch sleeve 190 inclu a C r adi al xtendlng
fl ange 191 whi c?‘nucf?gg g W% 5%?‘& E%%t @P“g%@é}%g%ntfgfi

radi al |y ext enq?I?g i€ Bi J Fg%ﬁg EH@ A rdly
faci ng edge I'on % rbopem ext enst on%a‘%&' g‘%%ﬁ?@%@t he

r adi teeth &8ira 8hitdy0
£y ”hh tg’h)e‘ Jes e B as a- unlféﬁkﬁi&

sl eeve 47 fl'ange’ two parts nove toget er.

circunferenti alcghgegﬁéé&si;aem&a mbOEndr#E €19 ft {Eﬂ %1
pl ates are preferably angled as descri bed above en t e‘two sef's o
radial teeth argispacpdnl tRen e a9t e rstdteohary, DALV ghate

sl eeve 190 noves freely about the stem extenSI on shaft I n both
circunferential12l Hecalsstationary and position stahle with respect to its

given position. Rotational -Wnt-of the rotary drive shaft -/
10 109 simlarly rotstes the indicator shaft 164 to rotate the
shaft of the indicator 163 and thus provide an ughole
indip#tion,_. through the downhole electromics 52C and the control
line 47, of the position of the rotary valve plate 121, and,
hence, the effective valve orifice size.  Altarmatively, a
15 register can be used to maim:ainacmmt of the number and
polarity of the pulses applied to the solenoid and thereby
maintain a continuous indication of the effective. valve orifice

‘size from a. cal:.hrated reference value.

O

As can be seen, the solenoid actuating mscha.msm initially

20 takes movement in the axial d:.rection and translates that into

_rotational movemem: by virtue of the linear to mtationa.l

movement tramlation portion of the third embod:.ment of the flow
contmlvalve shown in Figure 3C. I
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An |dent|cal Iomer clutch sleeve 193. has an el ongate tubular shaft which is

Journaled upon the | ower portion of ‘the stem extension 184 for relative
&ﬁﬂ in both circunferential: .10 . -~ directions. The | ower end of

the | ower clutch 'sleeve 193 includes-a circular radially extending flange

194 whi.ch has a downwardly facing outer edge portion 195 with radially

extending teeth thereon. The I ower end of the stem extension is

t hreadedly coupled to the upper end of a stem 196 and held in 15

secure engagenent therewith by a set screw 197. The |ower end of the cam

sl eeve 182 overlies nn&fwﬁmmmtemlﬁ@uaadw,nmdesmasbowglalm& Rlowt

167 which is open at the lower end to receive the dowel pin 168. The upper
end of the stem 1%onknel yadve cvhish im%ttbﬂcﬁ (Ackuated

i ncl udes an 20 . upvvardl faci n’gﬂout er enge portion 199 with

radi al | y extendin hedirent, of Fhawer 3C,

facing edge portio 99 of t he, stem houI der :198 epgage .the an Ied raC|aI
teeth in the down Pr é’*’% W{g‘ﬂ?g Dy e

ILSQ?ﬁaigzni? ﬁetc.@wﬂsnf A “el 3 mv{"ﬁvee %%?@%”WMW
about the st em ox PR BIA Sherblls, VR 0T Indl FRECS, il Fe Hfouin

Overlying and j our s égégerm %fs‘ﬁﬁ%j tyb he
upper clutch sl eeveg'%w;re aiﬂf pper g rum g‘% a(i:(l:xentl(‘e"lrmﬁ1 rum %2 and a
l'ower end drum 203ecdi\es BRE seals the control line 47 against well bore fluids.

(g The electrical leads are connected through second feed through
10 sealing connectors 103 into chamber 102 which houses the
dowmhole electronics package 52D. The electronic comnector sub

161 is coupled through a bulkhead sub 160 to a co6il housing sub

101 by means of threaded interconnections and seals comprising

O-rings 162. A position indicator 163 includes an indicator rod

15 164 coupled to the shaft thereof for rotational movement. A
valve position indicator 163 is coupled to an indicator rod 164

by means of a shaft coupler 165 and mounted by means of a

&..4  potentiometer ml_mmd 171. 2An upper magnetic end plece 170 and
a lower magnetic end piece 173 are separated by means of a

20 magnetic centerpiece 174. A-coil spool 175 extends between the
upper and lower magnetic end pieces 170 and 173 and has an upper

coll 176 located between the upper magnetic end piece and the

magnetic centerpiece 174 and a lower coil 177 located between

the lower magnetic end piece and the 173 and the magnetic
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end drum 201 includes a dowel pin 200 which is received into an upper
-longitudinally extending slot 204 in the cam sl eeve 182. 10 - T e
center drum 202 includes a dowel pin 187 which extends through an apert
“in the upper clutch sleeve 190 to rigidly connect it therewith and into the

upper recess 185 in the stem extension. 184. The |l ower end drum 203
i ncl udes a dowel pin 205 which is received into a central | ongi tudi nal ly
extendi ng sl ot 15 206 in the cam sleeve 182. A helical clutch

spring with left hand w ndings 207 overlies and engages the cylindrical

outer. S‘,u_rface%e?&im%et R94UPPel Riiheti s MRl 13N éW £82" iUl dof the

‘center drum 202. simlaf helical clutch spring wt I ng

208 overlies apdeRS@rda hdiponyeéitdithe direstitin &8 flow of currémt ithegseP’ both

the lower end d run03 and the | ower portion of the center drum 202
Overlying and theuupredoilpArT6t éasd therlowenréaiae1wf. t he tubul ar shaft of the
| ower clutch sleeve 193 are an upper end drum 209, a center drum 210 and a
| over end drum 211TheThkowexpeendoof - thé’amgnetApplooratlm &mkﬂ&eﬁml 0439
end drum 109 includes a dowel pin 212 which:-is received into the central
| ofigi t udi nal | ytbachediitogths oppepeend) ofhe e vipnlec 178 theThewareehdroftir um
210 includes a _dowel pin 187 which extends through an aperture in the |ower
clutch sl eevevhichtis thrpadiedly mounted to the \wper end of s camtsieevd 182 0 t he

‘lower recess 186 in the stem extension 184. The | ower end drum 203 i ncl udes
a dowel pin zfgdclanpedtheretobymamofamtlw The indicator rod

164 extends axially down through the’ core nipple 178 and is .
‘affixed to a stem extension 184, - The - stem extension 184 ot
10 - includes a pair of axially spaced, circmfeml:ially extending.
recesses 185 and 186 which receive and alléw movement of a pair

of dowel pins 187. ' |
The upper end of the stem “eXtension 184 has a circular
radiallyl extending flange 188 which includes a downwardly facing
15 . outer edge portion 189 with radially extending teeth formed
thereon. = An upper clutch sleeve 190 includes an elongate
tubular shaft which is journaled upon the stem extension 184 for

@

relative movement in both circumferential directions. The upper
end of the upper clutch sleeve 190 includes a ciroular radially
20 extending flange 191 which has an upwardly facing outer edge
portion 192 with radially extending teeth thereom. ' When the
radial teeth in the downwardly facing ‘edge portion 189 of the
stem extension flange edge 188 engage the radial teeth in the

upwardly facing edge portion 192 of the upper clutch sleeve
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whi ch is received into a lower |ongitudinally extending sl.ot 214 in the cam
sl eéve 182. A helical clutch spring with Ieft hand wi ndings 215 overlies
a_nd\;e’ngages the cylindrical outer surfaces 10 R of _bot h -the upper
end drum 209 and the upper portion of the center drum 210. A simlar
helical clutch spring with a right hand wi nding 216 overlies and engages
the cylindrical outer surfaces of the |ower end drum 211 and the | ower
portion of the center drum 210. 15 A helical coil spring
217 is conpressed between thesradially extending flkanged end of the |ower
~end drum 203 and fliaage adidd| | ghee XgWon dPaIyST (mavge FogREDRYT ameayppdt dmd theum -
209. The biasing force of spring 217 holds the dowel pin 200 in the upper
end of slot 204 &Hdcrriereptiat Ghrecidon,pdhesteeth: anjfhe figce afcFhe @rpos

Fhotebrn onthe e BiteaC et Brfahle erbdfe’ fo sty HHRE; Crhen "
i 184. Sigil i asd . ' d d I

Sﬂegigoinn t he Il%\%_r e ésgwg?giﬁi%aﬁ%ﬁﬁegﬁé%% pgéme%og‘g%a Veveof

the | ner ol ot ch EPeeve g SRR IATRLHES LB UK e PEer el

upper surface of %&%wd&w&m 944 pbotitlpg st em 196. Downward
novenet of dowel pin 200 wll disengage a';Ii'he upper sets of teeth on edge

portions 192 and 189 xhi h@eftical lower |c2a¥éNUsléévd 0163 8asS adl d1eBidteN
edge portions 195 and 199 in |

y tubular shaft which is journaled upon the lower portion of the
U stem extension 184 for relative movement in both circumferential
10 directions. The lower end of the lower clutch sleeve 193
includes a circular radially extending flange 194 which has a
- downwardly facing outer edge portion 195 with radially extending
teeth thereon The lower end of the stem extemsion is
threadedly coupled to the upper end of a stem 196 and held in
15 : secure engagement therewith by a set screw 197. The lower end
of the cam sleeve 182 overlies most of the stem 196 and includes
a longitudinal slot 167 which is open at the lower emd to
receive the dowel pin 168. The upper end of the stem 196 has a
circular radially extending shoulder 198 which includes an
20 upwardly facing outer edge portion 199 with radially extending
teeth. When the angled radial teeth of the upwardly facing edge
portion 199 of the stem shoulder 198 engage the angled radial
teeth in the downwardly facing edge portion 195 of the lower
clutch sleeve . flange 194 the two parts, along with the stem
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“driving engaget with ' anot'her Sinilarly, upward nmovenent of dowel

Il'l“q?9

pin. 213 will disengage thel oner sets of teeth on edge portions 195 and
whil e | eaving the upper sets of teeth on-edge portions 192 and 189
driving engagenent with-one 10 . another. Referring briefly t

7, there can be seen how the cam sl eeve 182 overlies and . encl oses

-spring. and clutch mechani sm described above. The upper slot 204
cam sl eeve 182 which receives the dowel pin 200 is angled downwardly
and to the left while the lower slot 214 in the cam sl eeve 182 which
recei ves ‘dovelextiensd 183, angia'ectogauhmlli;n ‘&hd cird\hﬁem:giihl dirEetiornt ral
slot 206 in the cam sl eeve 182 which receives dowel pins 205 and . 212

ext ends par alWhsin the . twee sebsgbf uadial teeth afe ﬂmcedemmarhthean be
seen fromFig. 7, 20 the increnental distance in the
ci rcunf erent i drhedi awem oelusghnaleRvese 18ppaovesd freeky  abe othe hetemver

slot 214 are separated from one another s slightly greater than the
itapeion ghaf 1o poth erawﬁm%t

| ncrerrent al di

oM which the u

| ower ends of he upper ot 204 ar,e separ Pat ept I cat
Dodket . #12609/ 0439 He aﬁ‘h thEF”‘lPﬁu OB ¢ %‘H’ﬂrtﬁ & %a

feature of adj

sel ecti on -of t#ﬁﬁe:ﬁ%tcﬁg] a‘? | %‘%ﬁ%@%d@c” Bed above iy
upwar dI yrc%ﬁag,gp 5| G¥ a1ower end drum 203, Wﬁﬂmﬁ’ t he

value as w ||
cam sl eeve .18

rection

‘end drum 201 includes a dowel pin 200_which is received into an

10

upper longitudinally extending slot 204 in the cam sleeve 182.

-The center drum 202 includes a'.-'-"dawel."_ pin 187 which extends

. through an aperture in the upper éluteh'sleeve-iso to rigidly
_commect it therewith amd into the upper recess 185 in the stem

15

extension 184. The lower end drum’ 203 includes a dowel pin 205
which is received into a-'central.iongitminauy- extending slot
206 in the cam sleeve 182. A helical clutch spring with left
hand windings 207 overlies and engagas ‘the cylirdrical outer
surfaces of both the upper end drum 201 and ‘the ‘upper portion of

 the center drum 202. A similar helical clutch spring with right

20

hand windings 208 overlies and engages the cylindrical outer
surfaces of both the lower end drum 203 and the lower portion of
the center drum 202. .

Overlying and journaled upon the ‘outer surface of the
tubular shaft of the lower clutch sleeve 193 are an upper end
drum 209, a center drum 210 and a lower end drum 211. The upper
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of arrow 220, causes the dowel pin 200 to follow the slot 204 and nove
citcunferentially in the clockw se direction, |ooking down.  Such novenent

' Qf}bﬁe cam sl eeve 182 noves the dowel pin 213 upwardly which lifts dowel
pin 187 and the | ower clutch®10 sl eeve 193 to di sengage the | ower
- sets of teeth on edge portions 195 and 199 to al |l ow st enPatentnappin chBilon O
otate with respect to the lower clutch sleeve 193. Upwlocketo#t2609/0439 t he
cam sl eeve 182 al so noves the dowel pin 212 upwardly to naintain the

conpression on the spring 217 which holds the upper sets of 15
‘teeth on edge por®dFFuRgPo,hpcliges ;s dgel, iniy %%ﬁ? wweedved cinteothrr .

Lo R R s S LT U T

LT S B B
201 | '

500 and rotate iAo, dRotiite kel RO cAifen Rl 107 el T

190. gThe right bagghspuid SRiERO?A3aSIARS the RHRYE Bboddd! 18k ODn Ahel Bem

center drum 202 fromrotating the | ower 52 Pat ent Application Docket

#12609/ 0439 end ghktieMsicA84. ThehelNowe Gn@NGRSE 208 idaLABE T (ddkel §aHN20%
edge portion 192 of upper clutch sleeve 190 and edge portion 189 of the

stem ext ensi on 18hikhots Gtesived dhtoEn Lover Qbadtudimdl liyh extéraing E1ts 2pa

184 and the stem 196 to which it is coupl ed.
| in the cam sleeve 182, A helical clutch spring with left hand

AL windings 215 overlies and engages the cylindrical outer surfaces

10 of both the upper end drum 209 and the upper portion of the
center drum 210. A similar helical clutch spring with a right
hand winding 216 overlies and engages the cylindrical outer
surfaces of the lower end drum 211 and the lower portion of the
center drum 210.

15 A helical coil spring 217 is compressed between the
radially extending flanged end of the lower end drum 203 and the
radially extending flanged end of the upper end drum 209. The
bhiasing force of spring 217 holds the dowel pin 200 in the upper

- epd_of.slot 204 and the teeth on the upper surface of the outer

20 edge portion 192 of upper clutch sleeve 190 in driving
engagement with the teeth on the lower surface of the outer edge
portion 189 of stem extension 184. Similarly, the hiasing force
of spring 217 holds the dowel pin 213 in the lower end of slot
214 and the teeth in the lower surface of the outer edge porticn
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5 Rotation of the stem 196 rotates the drive shaft 109 and the
upper valve plate 121 and . changes the effective flow orifice of the valv
an increnental anount Return downward novenent of the cam sleeve 182 to =
its neutral position, shown in Fig. 7, is produced by the bias of 10
spring 217 and causes dow rd en of the dowel patent!dpplicalion -
reconnects the driving engagement between the |ower cl Doskets kE260R /0890 and
the stem 196. Ret urn downward novenent of cam sl eeve .182 al so causes
dowel pin 200 to follow the upper slot 204 and npve circunferentially an
i ncrenent al di si8nef. ithet howers clutch sleeveolfd dn' drivlng sogagementi with :
| ooki ng down. Such m)vement of pin 200 rotates the  end drum 201 but, buse
of slippage of ttheeteeth qrafthe simensyriace Rf tbat autey afige Parsian 199 ebt at e
and t he upper clutch sleeve 190 does not rotate s that the stem ext ensi on
184, the stem 198 SERR. 198t ar Et‘l’é’“ﬁg el"‘%ﬁ?ve

i Tarty, mov W;t%ggrt %%‘%a?#s%sa%' OWV%W”“#? FERAPOORRLES 5 o
it Buntorent i ol iR THe" 260 dbes fot. Rt ot efibe i ibie T60ang 199 49 o
roves the. donel CAvAiS poddati. 4 ope OingD. © SRy, "GubRd dnBRMR: 7
clutch sleeve 150 sdguianibys 19l 46REGe €12 YORE sets of teeth an edge

| porums 195 and 199 while leaving theuppersets of teeth on

-3

edge portions 192 and 189 in driving engegement with one
10 another. | o |

| Referring briefly to Fig. 7,_';tl_'iere can be seen how the cam
sleeve 182 overlies and encloses the spring and clutch
mechanisms described above. The upper slot 204 in the cam
sleeve 182 which receives the dowel pin 200 is angled dowmwardly
15 -~ and to the left while the lower slot 214 in the cam sleeve 182
| which receives dowel pin 213 is angled upwardly and to the
right.  The central slot 206 in the cam sleeve 182 which

(@

 receives dowel pins. 205 and ‘212 extends parallel to the

| longitudinal axis of the sleeve -182. As can be seen from Fig. 7,
20 the incremental distance in the circumferential direction h_y.
which the upper. and lower ends of the lower slot 214 are

~separated from ome another ‘is. slightly greater than the

incremental distance in the circumferential direction by which

‘the upper and lower ends of the upper slot 204 ‘are separated
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sets of teeth on edge portlons 189 and 192 to aIIow stem5
extension 184 to rotate with respect to- t he upper clutch sleeve 191.

o rd movenent of the cam sl eeve:182 also noves the dowel pin 205
domnmerdly to mai ntai n‘the conpession on the sprlng 217 mhlch hol ds t he

| oner set -of .teeth on edge portions 195 and " 199 . Bation
ent Wth- - one  another. 10 .Ciunferential nnvqmgmbt 12609/6424e !

pin 213 in the counter- clockw se direction the increnental distance by
whi ch the upper and | ower ends of slot 214 are cinf ally djsplaced from one
anot her, al so r otixowsoneh @another. - o fiidr featre and dhghaltwmmatine ifeatere rifal

di st "~ Rotation of the | ower end drum 211 15 causes the right
hand wound spri n@ddusting &he pcam Sleene oftupkeniengihy Aesexibed calaveahepableoy es
dowel pin 187 and |ower clutch sleeve 194. The drivin

between the teet BELRCEEHe OoFhe Hize198 She | wige & W&Figllﬁ%\ﬁébvfgﬂ smadledge
portion 199 of the stem 19 pr duces t al ti-on of the stem
196. 20 B 186 £yTfbeF o PLObaft 109 and

vatvedan i ner Zﬁeﬁ't 2l %%é%ﬁ%”d%fi'@ﬁg%i# Seip o e igs o £h e 8%55%5‘92’9 |
T F g 7l pr SR IREE 22070 oG Z%?“.’%S %%n *&ifé" foR S A
! 01, B0, R St 485 R i 1038
' dovn. Such movement of the cam sleeve 182 moves the dowel pin
o 213 upvardly which lifts dowel pin 187 and the lower clutch
10 sleeve 193 to disengage the lower sets of teeth on edge portions
195 and 199 to allow stem extension 184 to rotate with respect
to the lower clutch sleeve 193. .Upwa:d movement of the cam
sleeve 182 also moves the dowel pin 212 upwardly to maintain the
compression on the spring 217 which holds the upper sets of
15 teeth on edge portions 189 and 192 in driving engagement with
one another. Clroumferential movement of the dowel pin 200 in
the clockwise direction the incremental distance by which the
&4 upper ard lower ends of slot 204 are circumferentially displaced
_ from one another, also rotates the upper end drum 201 through
20  the same incremental distance. Rotation of the upper end drum
201 causes the left hand wound spring 207 to grip the center
drum 202 and rotate it which moves dowel pin 187 and the upper
clutch sleeve 190. The right hand wound spring 208 slips to
_prevent rotation of the center drum 202: from rotating the lower
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5 stem extensi.on 184. Return upward novenent of cam sl eeve 182
“al so causes dowel pin 213 to follow the | ower slot 214 and nove : W
circunferentially an incremental distance in the clockw se diection,- % .

-~ 00K g down. Such novenent of pin 213 rotates the | ower end drum 211 but,

o

because of sli.ppage of the right hand 10 : sprlng 215 the center

drum 210 does not rotate and the | ower clutch sleeve . tignat e
so that the stem 196, the rotary shaft 109 and the upp®Pciefi #1260940439 01

remain where they were and the fl ow control orlflce s not changed. It

- shoul d be not edﬁﬁ]%h?o% %gtv%hsn ﬁﬁ%?ef‘

"“Circunferetial PC O ntﬁéteethonedge
count er cl ockw I 1M ﬁa& e ement
of the cam sl eeVe i?l S |8ﬂ' y great er?ﬁﬂan t cr enentlglgn&{

di stance in thegxd reﬁiéﬂif @i:@éﬁdi%h 184 §5r'0aa8es) nMihenahi€als LAFR LS W2V eRe | N

the cl ockw se direction in 20 Tesporse to a downward m)vement of
the cam sl eeve. stenhi éxtiefsiit 316F i3 tthe @téh 19610 iwhish' Okeid codidledf the
cam sl eeve, as described above, or because of the slight difference in .
sl ar® angl e betRetartishoof €hel steth 196 frotabeshehaxdaiwel shift CH0D ande¥he 192.
Thi S angul ar different enables effective |ncrement aI 55 - Patent

which are as snall as the difference between the two circunferenti al
in the opposit ethi# vetve ans increpental iapount| ust ment is acconplished by

Retum dovmward movement of the ‘cam sleeve 182 to its —
neutral position, shown in Fig. 7, is pmduced by the bias of
10 spﬁ.nng?andcausesdowmadeemntofthedowelmnzn
which reconnects thedﬁ.vingengagemnthehmenthelmxclutch
sleeve 194 and the stem 196, Ratumdmnxﬂm\emtofcam
sleeve 182 also causes dowel pin 200 to follow the upper slot
204 and move circumferentially an incremenl:al distance in the
15 counter clockwise direction, looking down. Such movement of pin
200 rotates the upper end drum 201 but, because of slippage of
the left hand spring 207 the ceuterdnm 20'2 does not rotate and

)

‘the upper clutch sleeve 190&oesmtmtatesothattheatem

-extension 184, the stem’ 196, the rotary ahaft 109 and the upper

20 valveplatelZlmumnwheretheyandtheﬂowcontmlomﬁce
“is not changed. o

Similarly, movemerrt of the cam sleeve dommrdly, in the

direction of arrow 221, causes the dowel pin 213 to follow the

slot 214 and move circ\mferantially in the counter—clochd.se
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one or nore novements in one direction followed by a selected 5

nunber of nmovements in the opposite direction. The effective novenent of
thevdrive shaft is the difference between sum of the incremental novenents
in each direction. The ratchet-housing 180 is threadedly engaged to the
bearing housing 113 and seal ed -t hereto by nmeans of an O-pategt Xpplication -
252. The rotary drive shaft conpising the stem 196 i Dgckeat ril26d90439eans
of a bell bearing 112 held in place by a retainer ring 115 and a bearing
bushing 116. The bushing is held in place by neans of the upper edges of a

port . sub 117 whi Ghrecticmdcligidaggded t FacheBevargnkonSi the xom gheeves 182al ed
15 ' thereto b rreans of an 0-ring 253. The Io r end of the stem
196 is external | JOVe§ 200 f"Hédhﬂ% %Mr@d’dé

drive thread 153 of a non- ‘S’il ste ﬁ‘?p et valve sh t 154, %

I gn?i t tigilnal Llyzg e8ve; 4 ‘8"‘&?‘&5‘%‘} ﬁmgﬁf e“qpflrve )
sha an |r in roug
the wall of the FSPE\rffpotrete ut?rx)‘l%?sg %‘tgj‘%%t rota o%eﬁ an‘@‘ﬁwg s t

154. Zhe | ower eggtgﬁﬁl ey I ‘%ﬁél ge&g hﬁ:ﬁ;ﬁ? :%]ggppﬁ% Qead
142 ich is locate t@? e%gagerren a poppet vgﬁle eat

val ve seat 144 | eI dDbgmm:ﬁ ﬁa@%ﬁn‘& ?evf

Docket #12609/ 04 a bottom sub 126 vvhesﬁ éﬁgea edly engages t he ?égvbi/er

end of the rot arw_tpﬁybzéslmmﬂlyaﬁdtmmgﬁtﬁgym% on the
| spring 217 which holds the lower set of teeth on edge portions
U, 195 and 199 in driving engagement with one another.
10 Circumferential movement of the dowel pin 213 in the counter-
clockwise direction the incremental distance by which the upper
and lower ends of slot 214 are circumferentially displaced from
one another, also rotates the lower end drum 211 through the
same incremental distance. Rotation of the lower end drum 211
15 causes the right hand wourd spring 216 to grip the center drum
210 and rotate it which moves dowal pin 187 and lower clutch
sleeve 194. The driving engagement between the teeth on edge
portions 195 on lower clutch sleeves 194 and edge portion 199 of
the stem 196 produces an incremental rotation of the stem 196.
20 Rotation of the stem 196 rotates the drive shaft 109 and the
upper valve plate 121 and changes the effective flow orifice of

the valve an incremental amount.
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flow intake ports 131 are formed in the outer wall of the rotary._p.o_rt_' sub

117 and comunicate with an internal cavi ty 143 within 5° ' Whi ch i';s'- _

nmount ed the poppet valve head 142. The cavity 143 is in fluid _

conmi uni cation with a longitudinally extendi ng passageway "146 which joins
the exit opening 147 at the |ower end of the bottom Slégt Ig%@ oh-of .
the stem 196 in one direction causes the threaded dri ﬁﬁc%ﬁk
poppe val ve shaft 154 10 to nove the poppet hea <{vvnvvardl y
toward the seat 144 and cl ose the opening therebetween otation of the

stem 196 in the 0pREEkke uPERT nboEnedRUSE THEDYAITBI6eRS 18D SbP Heytear 142
in the upward direction and, hence, opens the spacing between the val ve

seat 144 and tﬂm:imametshbendmﬂg.t a7, alé prodoced] byt the B as rofusprithy 217

of flow through the variable orifice of the valve.. The poppet head 142 in

t his enbodi menand mmwﬂameMmeﬂmmmem

produce a relatively Ilinear relationship between change in head position
and change i n dsiiviogf eagagepert hatween cthe upper labol i sheeyei 19k andsthdown |
ot her enbodi nents, 20 are possi ble for. vari ous head

movEenent / f | ow §%a% exeeraiiosndAfps . Retars, Howard sorement; Sf §8% FRREVeO 82 he
sol enoid core 179 in the upward dlrectlon |s produced: by energi zati on of

t he upper coi | 280 CaRes &y 2 %5"50}%’%5 ot 1418 PAYe e

n

axi al nmovenent of the core 79 |n he do di rection i.s 57 Patent.
Appl i cati on Do‘é’k‘é’ﬂ'“"%%%é M oftBe (e nFLeFBY N t he

cotls 176 and dilredellon,  1ooking dovn. Such movement of pin 213 rotatss the
“lower end’ drum 211 but, because of slippaga of the right hand
10 - spring 215 the center drum 210 does not rotate and the 1owar
clutch sleeve 194 does not rotate so that the stem 196, the
. rotary shaft 109 and the upper valve plate 121 remsin where they
were and the flow control orifice is not changed.’
It should be noted that the incremental distance in the
15 circumferential direction by which the stem 196 moves in the
counter-clockwise direction, looklng down, in response to an
 upward movement of the cam sleeve 182 will be 'sl.{"ghtly greater
than the incremental distance in the circumferential ‘direction
by which the stem 196 moves in the"élocmse' direction in
20 response to a dowmvard movement of the cam sleeve. This is
because of the difference in stroke length of the cam sleeve, as
Gescribed ahove, or because of the slight difference in slant
angle between slots 204 and 214 from the axis of the cam sleeve
192. This angular different enables effective incremental
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the opp05| te di rectlon Axi al movenent of the core 179 produces axi al
nmovenent of the core nipple 176 which noves the. cam sl eeve 182 in the
veN#cal -difection. Axial novenent of the cam sleeve 5 182
produces rotational novenent‘of the stem 196 as a result of camm ng action

of the slots 204 and 214 agai nst the dowel pi ns 200 and exnl aj
above. This rotational novenment of the dowel pins 200 anﬁ ﬁﬁg‘?g
stem 196 to produce rotary novenment of the threads 152 ot at I'on

threads 152 noves 10 t he poppet valve shaft 154 in the axial

-difection to' changfehbiftssiote 86 HAairg" aH & sthet Mo amReh ¥Ad W sRaiptdonal

novenment of the stem 196 also rotates the indicator rod 164 to change the
position of the it apffurehbd Patthebn diheatho (dlreutferehtl A0 Watehente! eat €1@ni Cs
152D the position of the rotational shaft and 15 t her eby
correlate it witloppbelts atirettidms. ef fSatectdiore Iadg\umne&mcﬁsbawmiélm asppet
head 142 and the seat 144. The rotational position information is
transnitted to tlonesorfaoee covementise in3one ydinestionffalhowed ity @ deleetedl .
Thus, it can be seen how sequential increnmental novenents 20 . of
the &olenoid caowpben7of proyements imdhenoppefiter diradtionl nBhemfifectise t he

stem 196 which in turn either qpens or _closes the poppet val ve fornmed by

t he poppet head meyement Pﬁe%%"%é&ﬁft 18, the Qi fferance betesy S‘F‘h@f-eﬁﬁﬁt al

novenent s. . The interruption w_t hrou the coils 176 and 177
allows the 58 pW‘%HP%%Bo diﬁ%ég?‘omg

| The ratchet housing 180 is threadedly engaged to the
W bearing housing 113 and sealed thereto by means of an O-ring
10 | 252, The rotary drive shaft comprising the stem 196 is
‘journaled by means of a ball bearing 112 held in place by a
retainer ring 115 and a bearing bushing 116. The bushing is
held in place by mears of the upper edges of a port sub 117
which threadedly engages the bearing housing 113 and is sealed

15 - thereto by means of an O-ring 253.
The lower end of the stem 196 is externally thneaded at 152
and engages the internal threads of a drive thread 153 of a non-
\ rising stem poppet valve shaft 154. A longitudinally extending
_ slot 155 is formed along the length of the valve shaft 154 and
20 1sengagedhyaspim1pin145e;¢emingthmaghmwanofthe
- rotary port sub 117 to prevent rotation of the valve shaft 154.
The lower end of the valve shaft 154 has formed thereon a poppet
head 142 which is located for éngagement with a poppet valve
 seat 144.  The valve seat 144 is held in place at the upper end
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core 179 to remain in the neutral position. Therefore, the size of the .
flow orifice of the poppet valve renains. in a position stable .
configuration wuntil additional current pulses flow through the sol endfd -

coils. 5 As can be seen fromthe above enbodinments of the
flow control valve used in the pres invention, there &k 'g_ ' :
configurati.ons of :fl ow control nechanisns is a poppet &éﬁv _ 9 he ®
other is a rotary type valve. Referring nowto Figure 4, there 1s"shown in-
nore detail a 10 configuration of the non-rising stem poppet type

-valve and its rgERe boktod®RRikA126 Nwitichd thueddddly @figdges thé aldwer ehd lde
rotary drive shaft which controls the novement of the valve. In Figure 4,

there i s shown thepaotany Iportr sals- ¥t i AN plluvaldtyi bfuowmnyh&ocated
construction of the poppet valve actuator 15 - . used in the flow

~control val ve dilowhintakesponts bk areoformed imttheymxbewmldhaftwmtsry
journaled within a ball bearing 112 positioned within a bearing housing

113. The beaipont aulp 113 padicompumicaby widhnsnointexnal gavity r143gwitisimbove
a bush| ng 116 which is held in p03|t|on by the ugfer end of a %ﬁt sub 151
3

20 5 wirhéahjis m@&@e&wmﬁs SRL¥e theadhidd o The avi by igrn
seal ed thereto by, peans of an ring 119.  An 0 ri ng 118 provides a further
seal along the %H&?tcmgaﬁrﬂ"ar"} r§ iengitudinal B9 gpassagevayt ar y

e e g L g 55 B S i
bottom sub 126. Rotation of the stem 196 in one direction
causes the threaded drive 153 within thepoppet valve shaft 154
10 . to move the poppet head 142 downsmndly toward the seat 144 and
| close the opening therebetween. Rotation of the stem 196 in the
opposite dizection causes movement of the poppet head 142 in the
upward direction and, hence, opens thespacinghetwaenthevalve
seat 144 and the poppet head 142 to allow an additional amount
15 of flow through the variahle orifice gf the valve. The poppet
head 142 in this embodiment is shown to have a generally comical
outer surface to produce a relatively linear relationship
beﬂaenctmngeiﬁheadpositionand&angainiralvaﬂwrate. u
Other outer head configurations, as shown in other embodiments,
20 , " are possihlé for various head movenant/ﬁow rate relationships.
'AS can be seen, axial movement of the solenoid core 179 in
the upward direction is produced byenergization ‘of the upper
coil. 176 and lower coil 177 with one polarity of pulse while
axial movement of the core 179 in the dowmsard direction is
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Docket #12609/0439 bore formed within a val ve shaft 154. The | ower. -
end of the poppet valve shaft 154 has attached thereto a poppet val ve head
142.4nd a | ongitudinally extending slot 155 running the | ength thereof. The-
sl ot 155 is engaged by neans:of- a spiral pin 5 ; 145 whi ch extends
through an aperture in the outer- wall of the port. sub 1Patent Appkicational

pin 145 in engagenment with the |ongitudinal slot 155 pr ®pcket #12609/04386
shaft 153 fromrotating and only allows novenent of the shaft 154 in. the
axial direction. 10 The outer wall of the port sub 151 .- .

incl udes a pl ur aPFPJRsA BY (e ERAT PF THIPBk SrPudliiy that pbi& &4 ;T hpch

open into an intg}gal vaJpvedgavit 14§8¥m%ch gverlies a gggé) val ve seat

144 positioned af™%t PPIRHES MRt 8T e, g% BERRULes | s

in threaded enga towith thecl t 5 151.

The outer s_urfgcgmg F%%péf %%%ﬁlecgz? Bg%%%% %hnsggalé‘r?elr?{avﬁ/i th

the circular poppg} 13Pthe el Gall W@Keclich S AL hoRbhde GNP B! to
C passageway

prevent flow fromthe anber 143 I1nto an axla extendl hg

the Iength of thegdrbaibed dkatidial ORMRnBAL 1€’ b n f.
VWhen 20 S t he poppet head 142 is spaced frogr#%hggﬁg%pgt %"g’?%&

fluid flow is pesauingdabtisn otethe/islicts 204 dha Y04 \@@yal HsO U abﬁalfgﬂ&ﬁb
i ntake ports 131, the flow chanmber 143, the axial passageway 146 and out

the opening 147 200t 213veE emslaihed bobel t aHis WotdtfonalSmeriheRE Gf the
rotation of the drive abaft 141 rotates the 60

dowel pins 200 and 213 rotates the stem 196 to produce rotary

'\./‘ movement of the threads 152. Rotation of the threads 152 moves

10 the poppet valve shaft 154 in the axial direction to change the

size of the orifice of the poppet valve. Rotational movement of

the stem.196 also mtﬁtes the indicator rod 164 to change the

poéition of the indicator 163 and indicate through the downhole

electronics 152D the position of the rotational shaft and

5 thereby correlate it with the size of the effective flow orifice

| between the poppet head 142 and the seat 144. The rotational

position information is tramud.tbéd to the surface controller 30

by means of the control line 47.

Thus, it can be seen how sequential incremental movements

20 of the solenoid core 179 produces incremental rotational

movements of the stem 196 which in turn either opens or closes

the poppet valve formed by the poppet head 142 and the valve

seat 144 in cox:resporﬂ:.ng mcrenem:al ~ movements.: The

J.ntemxption of flow through the coils 176 and 177 allows the
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Patent Appl I cati on Docket #12609/0439 external threads 152 on the | ower end
thereof. The threaded rotating enga t with the internal threads 153 in \t‘ge
val ve shaft 154 causes axi al novement of the valve. shaft: and therefore *
noverment of the poppet val ve head 142 toward and away fromthe 5

poppet seat 144 depending upon the direction.of retation of the shaft. In
ei ther. case, the degree of flow.allowed through the efBatent\Applicatiocnrifice”
bet ween the poppet head 142 and the poppet seat 144 Dackset #12609/Q439
function of the distance therebetween and ther efore the rotational

position of the driyve 10 shaf can al so. be seen from - _
Figure 4, the EB%?t’f"(?nth“’Fﬁenfittbmr'ﬁ‘#f%l @(ﬂ‘?‘ fhe 8iFesy t he
poppet seat 144 £l o] tlon nt iri veshaft 41 i s
held in a flxe8 r%’%’gt f‘){%bl ?n@%%w}@gfﬁ 1i’stjﬁ’e °§’ not
15 ccn?! #]ﬁgty Rmﬁﬁi] %ﬁ%ﬁﬂ"’?ro ur

rotational p05|t|on %‘}les af t ro%&nsgc&)qu}eéﬂggélzg

reference poi mthr&?a RRe Hidigabid cefid el ated with the degree of flow opening
which is allowed through the valve In this way, the degree of opening can

be gonstant|y noni txy eshrd)be’Gseen from thEEaBSve’| ediBRRl indkitis doft Nehel Ofahd ONal
position of the drive shaft 141. Referring nowto Figure 5, there is shown

an enl arged Vi eentioll Palveussd i ehe qresent ivotmEony! thetesardlited Bis cused
in the flow control valve of the present invention. As.shown, a rotary 61

configurations of flow control mechanisms._ One is a poppet type

valvaarﬂtheoﬂ!arisamtuytypevalve._ ' o

Refezﬁ.ngnowtoriguretl them:l.s showninmdetaila

10 . configuration of the non-rising st:em poppet type valve and its

manner of operationas afmtionofthemtationofthemtaxy
dnveshaftwhichcorrtrolsthemvemem:ofﬂ:avalve.

In_Figune- 4, there is shawn a_-_p_a_rtially_ crossf-sectioned

view illustrating the comstruction ef t_he poppet valve actuator

15 | _usedintheﬂ.owcmtmlfalve oftheprasentinvem:ion. A

rotary drive shaft 141 is journaled within 2 ball bearing 112

'posiuoned _withi_n a bearing hou_sing .113. " The bear:l.ng 112 is

positioned by means of a retainer mig 115 :above a bushing 116

which is held in position by the upper end of a port sub 151

20 which is tlu:eadedly engaged with the beaxing sub 113 and sealed

thereto by means of an 0-x:|.ng 119. An O-x:ing 118 provides a

further seal along the shaft ofﬂxéiotarydx:tve 141, The lower

end of the rotary drive 141 includes exteml helical threads

152 which engage the internal helical threads 153 of an axial

59



Patent Application Docket #12609/0439 drive shaft 109 is also nounted a
bal T~ bearng 112 which is positioned within a bearing housi ng 113 by neanes
of /retainer ring 115 and a bushing 116. The bushing 116 is held in
position at the upper end of “a-port sub 117 which i's threadedly 5
engaged with the |ower- end of the bearing sub 113 and sealed thereto by
neans of an O-ring 119. An O-ring 118 provi des an addltgggggg

bet ween the bushing 116 and the rotary abaft 109. The u n

bearing housing 113 is sealed to the outer housing of the valve 101 by

means of. threaded,,lQ agped iyd. 1dds Ep:?:: nd
of the rotary drive sﬁa?t 16% I'S at ached toqgn upper%rqotary va ve&* tfe

121 which over| i aheApsisEt QAN sHAkYC15Y b8 &2hchdlCrlatYy ¥ a;tafgeelaa%m
is fixed to the end of the shaft 109 by eanes of a spiral pin 2. The

rotary valve 15 head 142 ai 2& €18nki thdi m1e§S esitdrdi fgSEDeE wlmﬂﬁing the
engagenent with the upper surface of the stationary valve plate 123 by
means of a heli dahgtialtheregt.i The E16tt 155 e vemjaged o gwalee ofee spiikel pin
respectively noving parts. The -port sub 177 includes a plurality of
ortho§onal | y posilé#Sowbiclf lextendst theopgh an aparturecin 2the outer wallaof the
fluid comunication with a valve chanber 132. The rotary valve plate 121

i ncl udes -a pl uralpory @ubf 116% por The 1e@i i Ipdnt HASs tiay | engagement! wi.thl dthe 123
includes a plurality of flow_ports 135 which can_be rotationally positioned

to be in either Aongigrdipakslstilithereventsnths yalvemhalt 53 sma sptatiags | ow
62 and only allows movement of the shaft 154 in the z_:xial

ns

10 The outer wall of the port sub 151 includes a plurality of
orthogonally disposed flow intake ports 131 which open into an

internal valve cavity 143 which overlies a poppet valve seat 144

positioned at the upper end of a bottom sub 126. The bottom sub

126 is in threaded engagement with the lower end of the port sub

15 151. The outer surface of the poppet head 142 is configured for
engagement with the circular poppet seat 144 to provide a

sealing action there between to prevent flow from the chamber

&‘, 143 into an axial passageway 146 extending the length of the
bottom sub to the opening 147 at the lower end thereof. When

20 the poppet head 142 is spaced from the poppet seat 144, fluid
flow is permitted from the outside of the valve through the flow

_intake ports 131, the flow chamber 143, the axial passageway 146

and out the opening 147 in the lower end of the bottom sub 126.

As can be seen, .mtation of the drive shaft 141 rotates the
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Pat ent Application Docket #12609/0439 therethrough Flow from outside the

val ve body passes through the flow intake port 131 into the valve chanbu

132 and through the aligned ports 134 and 135 into a |ongitudinal flow
channel 136 through the bottomsub 126 and out the opening 137 in the 5
bottom of the valve. As can be seen fromFigure 5, pRGnkOAkghieRS

position of the rotary drive shaft 109 controls the degé@@;ohﬁolggwt of
the ports 134 in the rotary valve plate 135 with the ports 135 in the

2

stationary valve plate 123 to thereby control the degree of flow permtted

fromthe flow kXternal threadst 85 qorihe 13iet cerdhcchepeot.ng T/ threaded

bottom sub 126. As can al so be seen, the poiti of the flow control val ve,

formed by the mtywmmmmh@mmrmmmamm vakve | ow
ports 134 and 135 therein, are position stable. That is; when the drive
shaft 109 is s?&ﬁfﬁn’eﬁ‘y“‘ﬁ% soyemant; 9f it vakye shatt and and thergfere t he

ports 134 and 135 is stable and hence,  t h ow pemtted therethrough s
constant. Rot ZOVEReRk ‘%h&hﬁr hgﬂvelgagmp 1?2 Ao fvah fremsthe t he

degree of alignnment. between, t ts 134 and and ot atlon of the
drive shaft 10P°PRet I/ﬁ?aﬁpgﬂ)% &@38& %@ P‘Eﬁ%%% PE MY nnent

Phe T ve shat EBE8S %yei et gy 1B t%m%g%”t@éo?%?%'*@%”

e mitted thr odBfORRERL ALY U2 bl e AR R M P e

rotational pOS'ﬁoi:BQtOfséd%e %hveiéhaét aiPect! Vﬁﬁc@fbn of the distance
| the:ehetween and therefore the rota'cioml position of the drive

10 shaft 141 . _
p." canalsobeaeenfroml’igure 4, t:hepositionofthe flow
ox:ificebertweentlwpoppethead 143axﬂthepoppetseat 144 is
position stahle. That is, when the driveshaft 141 is held in a
fixed rotational position, the flow o_rifi.ce of the valve is not
15 changed.  Finally, it can be seén. from Figure 4 that the
rotational position = of the drive shaft 141, from some
p;eseleciea-mfé:eme point, can be directly correlated with the
degree of ﬂ.ow opening which is allowed through the valve. In
this way, the degree of opening can be constantly monitored by
20 means of monitoring the rotational position of the drive shaft

141, . |

Referring now to Figure 5, there is shown an enlarged view
of the rotary flow control valve portions which are _iéed in the
flow control valve of the present invention. As shown, a rotary
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Pat ent Application Docket #12609/0439 an indication of the degree of

opéni ng through the effective orifice of the valve and enabl es nonitoring
of e size of that orifice at the surface as_.a function of the position of
angul ar rotation of the drive shaft 109. 5 ‘Referring now to
Figure 6A-6C there are shown:a plurality of different ppssddt! Application
configurations of the rotary valve plate 121 and the st bbéltagl2609/9439! at e
123 of the rotary valve assenbly shown in Figure 5. Referring first to
Figure 6A, there is shown a cross-sectioned view taken about the |ines 6-6
of 10 . didyershafti 109sia alsagnaunted sithinfd dadlitbearing 1¥2ewhichy
control ports. The three ports 134a in_the rotary valve plate 121 are shown
to be circul ar dd i ing add3 10y cwanei ofng

Ri
three circul ar apertures 135 as L. _In the port configuration shown in
Figure 6A, the f PRF B0 143 i%gﬁm“‘? 116. ~ The|nebing 11614 held in

2§2{?Shzfylgééai%é@ﬁ?é%a%svw‘i' Ve%féﬁﬁ%@{?g&ﬁf%&géﬁﬁ&mﬁd ePoeely h

T ' 134 135a, i '

roaplet | ve r ot arIRRE Sy ST TR A8 (S8 dek BafPlch” s BT d8S1ed, 20
° ve rotary Ul . ne

E)preﬁo'?g fLI ? gl oseg %ei%l accoms)%i S gj.\%b&:ur%mt ;?Fgﬁygrbgghgg%#réggy %
Refer1ing now ! i g OBeal /1R ekl Hotihbe the SBMing £16°35a 56 kop&ty V! oW

of the port sub .11 e taken
shaft 109. The upper end of the bearing housing 113 is sealed
e to the outer houwsing of the valve 101 by means of threaded
10 engagement and an O-ring 114.

The lower end of the rotary drive shaft 109 is attached to
an upper rotary .valve plate 121 which overlies a stationary
valve plate 123. The xrotary valve plate 121 is fixed to the end
of the shaft 109 by means of a spiral pin 122. The rotary valve

15 plate 121 is preésed into shear sealing engagement with the
upper surface of the stationary valve plate 123 by means of a
helical valve spring 127 to prevent leakage between the
respectively moving parts. ‘The -port sub 177 includes a
| plurality of orthogonally positioned flow intake ports 131 which
20 are in fluid oonmmication with a valve chambar 132. The rotary
valve plate 121 includes a plurality of flow ports 134 while the
stationary valve plate 123 includes a plurality of flow ports
135 which can be rotationally positioned to be in either more or
less aligmment with - one another to contral the flow



64 ~Patent Application Docket #12609/.0439 about the line 6-6 of Fi gure—

5. illustrating a slightly different configuration of valve ports.

~shown in Fi gure 6B, the three flow ports in the'rotary valve plate 121 a?g
general ly pi-e- shaped and the ports 135b in the stationary valve plate are

al so 5. .pi e-shaped. .This port design is sim]ar tq. hose in the -
round ports of Fi gure 6A excst that the re ﬁ tionjrcle. *
Each of the sides of te ports 134a and 135b are strai m 1 P°%!|°éﬁ%s

whi ch nakes the percentage openlng produced by alignnment of ports 134a and

135b.an eqal . pﬂ%‘&gg?‘& fousfdd lengP i tion
of the pie- shape ports’rs Sl?'l ghtprrmre %xpens?gﬁgw% Cl P%HJ! ports,
the added degrege %ohnE'ﬁEﬂkQQEo FON1 04 i@ RAECRA v endaibiart 1 912kt he

I gu

val ve. As can be seen from re 6B, the degree of alignnent between the

ports 134b in the s19gased padtEc1pd & 135 idorat m@?&u&m flow @f#nhay 135b
in the stationary valve plate 123 determ nes the degree of flow which would
be pernitted ti3éugirougs tfd attue aub fi26cand dite thel speningt {372 1wakasi on
fromfull open to full closed being acconplished by a rotation of 60 .

dedi ees. Ref erbottpmneoft the Fvglvee G6CAst luame bes sdemwEmbmt [Figdr€05, the
configuration of valve ports which may be used in the rotary valve

enbodi nent s otcrtdtéonﬂ gxedtion of the rotary dFivaisbaf6(0d lcostralsesha
cross-sectional view tahen al ong the lines 6-6 fromFigure 5. The rotary

val ve pl at e 12degree of salignment (ofejthe ports 134 in the rotary valve plate

135 with the ports "135 in the sutionazy valve pla:t:e 123 to o
o
therebycontrolthedegmeofﬂowpe:nd.ttedfmtheﬂw
10 ' intake ports 131totheopening137inthebol:tunsub126 As i

can also be seen, thepoaitionofthe ﬂowcontml valve, formed
by the rotary plate 121 and the statiomr.y plate 125 and the
flow ports 134 and 135 therein, are position stable. That is,
when the drive shaft 109 is stationary, the degree of aligrment
15 between the ports 134 and 135 is stable and hence the flow
permitted therethrough is constant. Rotation of the drive shaft
109 in one direction increases thedegree ofalignment .between

(@

the ports 134 and 135mdmtationofthed::i.veshaft 109inthe

cpposite direction decreases the degzee of alignmem: between the

20 ports 134 and 135. The rotational poaition of the d:d.ve shaft
109 my also be directly correlated to tha degnae of aligmant

of the ports 134 and" 135andhencetheammtofﬂ.owwhichis

. permitted through the effective orifice of the valve. Thus,

monitoring the rotational position of the drive shaf.t 109 gives
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shaped port 134c formed therein and the. stationary valve pI ate 65-.
Pat'ent Application Docket #12609/ 0439 123 has a singl e kidney-shaped port :
135c;/formad therein. The degree of overlap between the ports-134c and 135t
det ermi nes the degree of flow:-“through the valve control ports. In the

. configuration of 6C, thefe are 180 of shaft. rotation i'n Paters Application

kel ative alignment of the respective rotary and stati onaPyckeli #ézﬁﬂgdpég
fromfull open to full closed. In addition the ends of the circular slots

éf’ﬁﬁu?Qzali’iﬁsIgL&M & 'fd”%% e s f°2@f§r et e, B St
As Fi

oA, :é?:” cach of 1 IR o raer ke %ﬂﬁu%s#% Wﬁé@iﬁg ey %a?tt o
?he g?gt ingn:rest v; ve %%at et%fB e var| ous con |gurat|§aéj\ﬁ§'°?ermea%a% nd

degree of 15 rotatioh YL the arite itmdty1de 9o fromfull open to full
close of the valve and, in addition, the shape and size of the flow ports

affectss the size of tRas@ki twéd@w féacec agnai! hréerdwhchahi @bty of
area to flow as a function of the angle of rotation of the rotary plate

Wi th respect to tée differatnposs{ble configuratbdnee of the. rdlare’ valv®e PlEtd O
Figure 7, there is shown a partially cut- away | ongitudi nal
cross-sectioned l2kvandfthe hetatiomeyr vedve plate 123 of the rotary valve
| assembly shown in Figure 5. Referring first to Figure 6A, there
Y, is shown a cross-sectioned view taken about the lines 6-6 of
10 | Figure 5 illustrating a first configuration of the flow control
ports. The three ports 134a in the rotary valve plate 121 are
shown to be circular and overlying the stationary valve plate
123 containing three circular apertures 135a as well. In the
port configuration shown in Figure 6A, the flow control valve is
15 | closed since the apertures 134a in the rotary valve plate 121
and the ports 135a in the stationary aperture plate 123 are
totally misaligned to prevent flow therethrough. . The degree of
alignment between the ports 134a and 135a in the respective
rotary and stationary valve plates control the degree of flow
20 through the effective orifice of the valve, with a variation
| fmfxﬂlopentofullclogedbe_ingacccnplishedbyarotation
of 60 degrees |
Referring now to Figure 6B, there is similarly shown a
cross-sectioned view of the port sub 117 of the valve taken
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rotational tr
control val ve.
cation Docket
clutch ratche
driving shaft

i nventi on

ansl ation means used in certaln enbodlnents of the fl ow

In particular, th e n- - 'shown in 66 Pat ent
‘#12609/ 0439 Pigs, 3C and 3D .enpl.oy a nechanical spring
t mechanism for- translating |ongitudinal novenent of a

into rotational. novenent of a drive shafpgtgﬁtwicgaoaperate :
the val ve seal i ng mechani sms of those

ment s ofpdchet 312609/0439
As shown in Figure 7, the ratchet housing 180 contains a

-

cam

sl eeve 182 which surrounds a pair_ of clutch nmechanisns, discussed above,

and a helical

shoutngha dne 646 o Bigurei HiEllystiating aglightly difopent

receives a pair of dowel pins 205 and 212. ' The .opposed ends of the cam

sl eeve 182 10
are angled in
di rected angl
fromon anoth
15

t he5 cam sl eev
arrow 220,
novement of t
sl eeve to nov

configuratiqmef (YRI VS| PRFie: y Affthownetn Figuze &R £he thieenhich

osite dlrec i ons from a other at a C|rcunferentally
egﬁgb én@ P&

RORtR e 10k

ereangl e |

e sttﬂ%sm&i e 45 e a¥eeliiery °”'°” e teﬁaesexva' VeaJra?»iJSE o
gFﬁggﬁégﬂganﬁ%?é g&?%é%ggé?tgg SNown 6§’§B§%§ﬁ35fﬂg'§¥ﬁag
gs?ﬁgnhpper%ﬁﬁés%a 8&0&9? tF plngﬁﬁ%s ngﬁgﬁgn%%gu afed

the

slot 204 to rotptdgel he paerds/ e %.B&E ggch_.ﬁgl Portd 013@ Chind NBispPiadel S

attached, and

10

15

20

straight radial planu: which xmﬂns _thaa pe:centmga opening
produced by alignment of ports 134a anﬁf135ﬁ»an;éqpaljpenxunga

of a full opening. While the formaticn of the ple-shaped ports

is slightly more expensive than the circular ports, the added
degree of indexing comtrol enhances the functiomality of the
valve.. As can be seen from Figure 6B, the dégréé of aligmment
between the ports 134b in the rotary valve plate 121 with the
ports 135b in the stationary valve plate 123 determines the
dégme of flow which would be permitted through the effective
orifice of the valve, :with a variation from full open to full
closed being accomplished by a rotiticn of 60 degrees.

Referring next to Figure 6C, there is shown a third

configuration of valve ports which may be used in the rotary
‘valve embodiments of the present invention Figure 6C
illustrates a cross-sectional view taken along’ the lines 6-6
from Figure 5. The rotary valve plate 121 has a single kidney-
shaped port 134c formed therein and the staticmary valve plate
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therefore rotate the stem 196 through a presel ected degree of
cicunferential angul ar novenent When the sl eeve 182 again returns from
tRe/upward position to the central position the 67 Pat ent Application
Docket #12609/ 0439 internal - nechani sns are gri pped by the sprl ng clutches

and does not return fromthe angul ar- novenent it experiep,
when the cam sleeve 182 is noved in the downward directi gge hﬂ%ﬁgﬁg&j@n
of arrow 221, the dowel pin 213 is caused to nove 5 along th

angul ated section of the slot 214 so that the stem 196 is noved in the .

opposite angular fi3 ¢abi-aNshila KaAG)-SRAPSE GRELCE3ISE FOIHEA HEhdrelial | Ofhe

When the cam sl eeve 182 noves upwardly again to the central position the

spring clutches plegreatof bseslaprbethasn’ thenportairiddogand 135¢ detemiimes the
angul ar 10 posi ti on. The nmechanismof Figure 7 translates the

axi al novenent ofdegxeeowd dfiose thxowghi the ralyei cremtrobyporta. i n v dehe t o
ef fect the changes”in effective valve orifice size within the system

Because the upperconfignentidenaefufGr thesesare, 1807 of| shaft xokation in the
angl ed sllghtly dlfferent degrees. with respect to _the | ongitudinal
axis & the cam Srdafd 9‘8?‘%3% ’ﬁﬁ?cEg apdstatiopary: vekyeg

about 209 Thus, TS ”°m#%%%v%§i‘%ﬁ' 'e6 pRCalpes d' R s b TR
Lopem” one 20 g otrRthE w1 b 95ko "REEHo Ohoify! ThE° s anylohagl O
ports, can be also squared to produce a constant percent of
W opening per degree of revolution o
10 -Ascanbeseénfmthecohﬂgumti&sof'vﬁlveportssm
in Figure 6A-6C, each of the configurations includes a wiping-
type seal, similar to a floating seat type of gate valve,
between the rotary valve plate 121 and the stationary valve
plate 123. The various configurations determine the degree of
15 rotation necessary to go from full open to full close of the
valve and, in addition, the shape and size of the flow ports
affects the eize of the effective flow orifice as well as a
relationship of area to flow as a function of the angle of
rotation of the rotary plate with respect to the stationary
20 valve plate. |
Referring now to Figure 7, there is shown a partially cut-
away longitudinal cross-sectioned view of the iinear to
rotational translation means used in certain embodiments of the

- flow control valve. In particular, theembodimem:s ‘shown in
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s t...r. O o

This gives a net

the cam sl eeve and spring ratchet, for finer resolution of pasitioning.

Pat ent Application Docket #12609/ 0439 Referri ng now to Figure 8,

resol ution of about 20% of the stroke provi ded by .
84 -
there i ¥

shown a | ongitudi nal cross-sectioned view of an altertive nas of afachent
of a key 400 to the cam sl eeve.to prevent

Figure 9,

equi pped in a dual’ 'c'onpl etion gas lift configurat i on The-wel | includes a
borehole 12 extendln ro urface of thee 1 WhIC s |ined W|th B
a tubul ar casi g %ﬁi %ﬁ Hﬁsef"?{) X t Pe ™6F atfRtehet:

under ground hy

10

group of perfor
to pernmt the fllow of fdesfrom

. its rotatlonh%%&m' to
there is shown an illustrative 5 s Pocient #12609/043% | |

?f%%g?ﬁ ”c é“’d*-‘ﬂr% .%@*ﬁﬁﬁﬂiﬁ%ggﬁéﬁ%@ 52%8&-% %f’?saﬁk |

in the regloncgc ﬁ
fluids fromthe rmatlonlntot e casl ng Ilnlngth hor ehol e and second

Sal £ aacxﬁmam OfO¥Ris e bR MBS [JEakRe 40B

%Hﬁi”ﬂov‘eh{eﬁl: £08 HRiRe

the formation into the

casisng 14 1ini rggwbha&gr ehake. mi[henplmguﬁa ny, stwt Wa%@&l 8@

whi ch the borehole 12 and the casing 14 extend are fornmed of porous rock
and serve as ad&ﬁ&ﬁﬁlieéaﬁte%médﬁ r1820nitdichi Borrowis! & eak %S clatth

wat er

or

ot-her fl ujds.

t he borehol e 12:aahahﬁsu,ngudmsped)dahwag s&tﬂatm - halivadaspdiing 5217. A

10

15

20

longi_txﬂinally_ extending key slot 206 receives a pair of dowel
pi:g_ 205 and 212,  The oppoaea ends of the cam sleeve 182
include slightly angulated slots 204 and 21’4 which are angled in
opposite dimcti.ons fmm one another at a circ\mfereutially

_dimctedanglefmthea:d.alandameachataslightly

different angle from one another. | |

A mechanism within the driveportion of the valve, such as
a solenoid or pressure pulse actuator, applies axial motion to
the _cam_Sleeve 182 to move it in eitherthemrddirection, as
shown by arrow 220, or in the dowrsard direction, ‘as shown by
exxow .22.1. ~ Upward movement of the cam sleeve 182, in the

direction of arrow 220, causes the ‘sleeve to move the upper

dowel pin 200 along the angulated'slot 204 to rotate the

underlyingd.rive ‘mechanisme towhichthepd.nis attached, and
therefone rotate thestem 196trumxghapzeselecteddegreeof
circumferential angular mvement.vmen the sleeve 182 again
returns fmmtheupwa.rdpositiontotbeoeut;alpositionthe
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and 15B in order to allow fluid . - .cation.between the strata and the
well. Two strings of tubing 16A and 16B extend into the borehole froma
WéL/V head 18 | ocated at the surface. above- t he borehol e 12 whi ch provides
support for the strings of tubing 16A 69 Pat ent : Appl i cati on Docket
#12609/ 0439 and. 16B extending into the casing 14 and cl patent! AppiaRaRi@nd of
the casing. The first string of tubing 16A terninates Dockete#iZap9Y0439

adj acent the perforations 15A in the region of the upper strata 40A while
the second string of tubing 16B termnates in 5 t he region

adj acent the | ovb'rtqmal ovechianiems] 3ee | gripped y the sriring cclubebes indatoestOB,
The casing 14 is connected to a |line_ 22 which supplies high pressure lift
gas through a finak rPPem Loemtdwe g oufigdlaglyy as a
conpressor (not shown) into the c The first

string of tubin IR FhA ﬁ?‘ﬁjq'?an% Mﬁ%éﬁ She rduRrarh alresticny othm a
lpd;tZ?'Af E’Zﬁv%%s@m%n'%&;‘ o ?#ELPE?"L%E' 3p 19}}% ”e%d B B 1 ow
coméeieg (o 15 Gl facdin ot 188 EA "4 30“%&5 $bn steofos N
produzzt ton flow Q] | n%}fn ttgﬁﬂ%&log{ ge%ﬁ %ur?‘g bé?%eiigw

such as oil, watgnag Erotatfion] 2S Efna deeS Shinl Gt 982 mat or
whi ch affects the phy5| cal eparation of
upwardly again to the central position the spring clutches
U prevent the stem 196 from returning to its previous angular
10 position The mechanism of Figure 7 tramslates the axial
movement of various drive means into rotational movement in
oxrder to effect the changes in effective valve orifice size
within the system
Because the upper and lower angular slots 204 and 214 are
15 angled slightly different degrees with respect to the
longitudinal axis of the cam sleeves 182 a stroke of the cam
sleeve 182 in the closing dlrection &iffers from the stroke in
the opening direction by, for example, about 20%. Thus, when
the actuator is "pulsed closed” one pulse, and then “open" one
20 pulse, the net movement of the valve is only 20% of the indexing
stroke. This gives a net resolution of about 20% of the stroke
p:;o_vided by the cam sleeve and spring ratchet, for finer
- resolution of positioning.
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20 ' th

e liquids fromthe gases and passes the gas into a gas

gathering systemfor sale or reconpression. The liquid output fromthe

separator- i s di

rected into a liquid storage reservoir for subsequent sal

or -di sposal dependi ng upon the type of liquid produced. A conputer

.is connected t

o receive 70 Pat ent Application Dock

information froma series of pressure transducers 36A 1 agﬂﬁ@d

flow |.ines 27A
connected to th
-as-a downhol e v
supplied by ele

ad 27B respectively, and to a pressure transducer 37

e
25

tO

e gas injection flow line 22. -Both the conputer 25 as well

al ve Regeilg aiowS to. Figure 8; 3@hexeriac ishcka her o sudinal
ctrical power froma source 31 which may be AC or DC

dependi ng on t heréesciskctiamdaview =f en altierpativgapeans tofcahqzlmm oft gel f
her single or nultiple conpletions .there is shown in Figure

may i nclude eit
9 a dual 10.

gas lift valves
with a plurali

t he second stri
45A and 45B are
strings 16A and

transducers 46A~

45B and the pre
line 47 to the-

key 400 %o rfhieccam Bleewp tos pRRyeRtpl aotationof conventi onal

41A- 43A connect ed |n the flrst strln of ~tubi ng 16A al ong

ty - defesrnghteghdo % thexpeds %Uhﬁéﬁﬂédﬁ n

2 of ubhg ﬁ3329ﬁ§4%4%§é% enDt&mﬁPQx&ﬁh lift v%%ges

i @Jeﬁaseé@é\ 150 0Tl el AR

© hydrocarbon ﬁmcducing faﬁmﬂibnénérﬂgédlbéical"stréta 402 and

10

15

40B. The casing 14 includes a first group of perforations 15A
in the region of the upper ;undncing‘sttﬁta:4oa to pexrmit the
flow of fluids from the formationintothe casing 14 lining the
borehole and second group of perforétichs-iss in the region of
the lower producing strata 40B to permit the flow of fluids from
the formation into the casing 14 lining the borehole. The
producing strata 40A and 40B into which the borehole 12 and the
casing 14 extend are formed of”fxtbﬁs3£ndk épdzéemve as a
;unssuxized.rese:voir<xxnziningzxnitfﬁ:éfoffgaaycﬁl, water or

_ other fluids.  The casing 14 is perforated along the region of

20

the borehole 12 containing the producing strata in areas of 152

and 15B in order to allow fluld commmication between the strata

_and the well. Two strings of tubing 16A and 168 extend into the

borehole from a well head 18 located at the surface above the
borehole 12 which provides support for the strings of tubing 16A
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controller 30 located at the surface. The control line 47 is 20 -
preferably electric and is preferably a two conductor, coaxial, polymer .
insdl ated cable protected with a small diameter stainless steel tubing = -
outer shell. The control line 47 supplies both electrical power and

el ectri.cal operating signals’to control the operation ofpati&e j_égaon
val ves 45A and 458 from71 Pat ent Application Docket d&ﬁ&gﬁl 468/04h8

controller 30. "It also carries information related to the operatlonal
condition of the gas lift valves 45A and 45B and information fromthe
pressure transduaﬂﬁﬁ%&:@mﬂiﬁ@&m the assing ol4 end3closés the open end of The
variable gas lift i nJ ecti onn&}eessure control valve 23 includes a renote

control mechani skhescagh Helrsbeptiag of dtubingn 168 teminntes dirp vher
25. As can be readily understood, the dual o]rr%;tlon system of Figure 9
of the

can be used to omzédi‘m?“ﬁr%m%f che typper
openi ng of each S 10A oLy Fre) Sesked FrethgCe &”i@é%@%sﬂich
depard Za'prfeiéuréhei?m%%%%#ar : %&#ﬁ%@% daBE o Feel B
ggﬁ?cgf O%Spressurl ze#gféy%%lg\n hi n he ca 'g | 18°%s % %%joptl mig%@gn of

production from N6 'HRpSERa" Blih uﬁf&%ﬂ&é’“i@f{eaﬁ‘é VehfGugh a first flow

| control valve 23 from an external source such as a compressor

\f (not shown) into the casing 14.

10 , ~ The first stxing of tubing 16a& is comnected to a production

flow line 27A through a second valve 32A while the second string

of tubing 16B is connectedtoai:mductionflowlim 278 through

a third valve 32B. The output of the flow lines 27A and 27B

comprise production fluids from the well which are comnected to

15 ~ a collection means such as a separator (not shown). - The output

flow of the two st.ﬁ_.ngs of tubing 16A° and 16B into the

production flow lines 27 and 27B is generally a mixture of both

fluids, such as oil, water and condemsate, and gases and is

directed to a separator which affects the physical separation of

20 the liquids from the gases and paéses the gas into a gas

.gathering system for sale or recompression. The liquid output

from the separator is directed into a liquid storage reservoir

for subsequent sale or disposal depending upon the type of

liquid produced. A computer 25 is comnected to receive
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Control over the valves can be inplenented based upon pressure and
teperatures nonitored downhol e and/ or upon various flow 20 j
parameters nonitored at the surface. Referring next to Figure 10, there #§;=
shown a bl ock di agram of the electrical control and nDnltorlng conponent s
of the systemof the present invention . The system i nghtgds agui¥at8GE

el ectroni c package I ncluding the conputer 25 and the cogékded 60570439

Pat ent  Appl i'cati on Docket *12609/ 0439 30 connected to an illustrative pair
of downhol e el ectronic. packages 552 and 572. by neans of the control line

47. The Contrczlﬂﬁuiﬁtdcncﬁmdea seriex @fr presmue teatsdukersi 3685 3AdWA6E h
i ncl udes means to receive an input fromexternal sources, such S°

as a keyboard S&Smeeatell t to dELEF alinesr i27ls apde23Bi Gﬂsreqﬂwelmt card dto aa

visual display 554. The microprocessor control unit 550 both sends

i nf or mati on dovewessure ransducarc 37; cennestied 3w the sasodniestdonytiesadinef a -
digital conmm cations bus_ 555 connected to_a counter npdul e 556 coupled to
the control |i m#47BpFh Shgncarprger 25 as wells pg (3 dowthole e boFi ed

to both the surface el ectyonic onen l..as the downhol
eletronic c nt¥P FRAREL %?e”r?%?o \%geﬂmﬁﬁ ¢als cpowerTfzom a

m cr opr ocessor control,, un 550 -al so ntr ns of bus 3‘3 %& _
swi tch-nmodul e |bﬂl ?@ﬁﬁa‘&ys }ﬁ"l q%‘it ngni%’htgﬁl ?ﬁ 1 r 15
supply pul ses f%‘%%gg%gv\er supply 560 onto the control |ine 47.

Communi cat i ons the PC 25 and the nmicrsor control

While a gas lift completion itself may include either

single or miltiple conpletions there is shown in Figure 9 a Gual b

10 .~ completion comprising a plurality of Gonventional gas Uft
valves 41A-43A comnected in the first string of tubing 16A along

with a plurality of conventional gas 1ift valves 41B-43B

connected in the second string of tubing 16B. - A pair of remote

control gas lift valves 45A and 45B are comnected into the first

15 and second tubing strings 16A and 16B, respectively, just above
a pair of pressure transducers 46A and 46B. Both the remote

control gas lift valves 45A and 45B and the pzessure transducers

46A and 46B are commected via a control line 47 to the

controller 30 located at the surface. ‘The control line 47 is |

20 preferahly electric and is preferahly a two conductor, coaxial,
polymer insulated cable protected with ‘a small diameter

stainless steel tubing outer shell. The comtvol line 47

supplies both electrical power and electrical operating signals

to control the operation of the gas lift valves 45A and 45B from
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~unit 550 are preferably digital and affected by nmeans of the RS232 seri al
.comuni cati ons protocol |ink 549. As will be discussed in greater

détdil - below, the data separation, 20 nodul ati on and

“transm ssi-on techni ques taught. in U S. Patent No.-4, 568, 933, hereby
~incorrated by reference, may be ued in the downhol e . conPaBeaRHEIL daidh ON
of the system in the present invention. 73 Pat ent Appéketa 126092085t
#12609/ 0439 The m croprocessor control unit 550 - is also connected
directly to the control line 47 through an address code generator 548
_whi ch-.applies a thejiemtrobexr £30. 1 hEt |algo carxiedr tnformation aelagads tof thee
downhol e conponents of the system5 for either receiving downhol e

i nfor mati on moni PRMEELPRRYN GaRdLtiR Rfndhe, 988l YRR ofd And) #PBeand o

t hat conponent o hangj n he erating conditions of e val ve. Ea
downhol e corrpone{'l?thrﬁ‘e s}"ﬁ’ﬂ‘ gﬁﬁr Fﬁ%m M“Pﬁ M’&Mésse%oﬁg‘? ve
to the signals gen=|ra§fd the address code generator to only 10

enabl e that partTTl Toonent if it is one which has been sel ectivel y

rei orbnce Lo Figure 90 REnord Rl HFE Pfhctibn WU AREL P20
support a plural iﬁéﬂ\ﬁgsdhf_% e%&?gfn;ﬂéﬁmﬂoﬂw d%fzg?soﬁ@a odS @

plurality of 15 : ely control var e orifice

val ves.  Downhol gnd@nchiR¥rclYofRdid| BoghrtelBds, be Used to supply .control unit
550 '
As can be readily understood, the dual completion system of

Figure 9 can be used to optimize the production flow from the
10 two stﬁngs of tubing 16A and 16B by individually controlling
| the size of the opening of each of the flow control gas 1lift
valves 45A and 45B. Since each geological formation from which
~ the two strings or tubing produce may have separate pressure
and/or flow characteristics, independent control over each of
15 | the two flow control orifices connected to a common source of
| présuﬁ.zed 1ift gas within the casing 14 enables optimization
of production from the two separate underground reservoirs.
Control over the valves can be implemented based upon pressures
.and temperatures monitored downhole and/or upon various flow
20 parameters monitored at the surface.

. _ Referring next to Figure 10, there is shown a block diagram.
of the electrical control and monitoring components of the
system of the present invention . The system includes a surface

~ electronic package including the computer 25 and the controller
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wi th the val ue of downhol e paraneters such as production fluid flow rate,
pressure and tenperature or |ift gas flowrate, pressure and terrperatuv
The - present invention allows 20 nonitoring of the downhol e pa
whi ch are best suited to optim ze production fromthe associ ated
under ground reservoir. The bl ock di agram of Figure 10 bH:ei-ﬁ:t Sneach
of such paraneter nonitoring nodules as well as a val a%gfﬁ% 3
position nonitoring nodule. |t should al so be understoo at ?’at ent
Application Docket #12609/0439 the system of the present invention may al so
include only a 54 NgbfnectalaiBt @n iTPRA&RILGNE paldUbE, Goviihble Val ¥étronpsi tion
nmoni toring and control nodule, as is shown in Figure 10, and in which case
no address codepgifagedt 652 OAnddST2 Iy awsahs ObfSthé Ch@itrbl line 47. amRe
necessary in order for the systemto nonitor and control such single
conponent i nst atcémtirodbber FRefincludes aagdcmpmcefscg:merrtﬁﬂ unbe S50wwhdch
conmponent nonitoring nmodul e 572 may include a strain gauge pressure
transducer 546 tnaiudes cweans fonkecaivehantinpubgfpom extepnali sohreds) such

| ocation of the transducer within the tubing. . The pressure transducer 546

i s donnected t has@gheybosxgn’33,c apditq Gheplaysvaxious pareginalo paranpiene y

convertor 571. The output of the voltage to frequency convertor 571 is

connected to a &% it WSuk dipplaynfek s M STOROreRs QI (CopbTRYy Wttt 80
out put signal to trawtixlxgmum ; 5 ala&g t he cont{n%l Ilae 47 to t he ._

surface. Av
downhole by means of a digital comsmunications bus 555 comnected

to a counter module 556 coupled to the control line 47 through a -~

10 filter 557. Power is supplied to both the surface electronic
components. as. well as the downhole electronic components by
means of a low voltage power supply 558, The micCrOprocessor
control unit 550 also controls by means of a bus 555 a switch
module 559 which regulates the application of high voltage power

15 = supply pulses from a power. supply 560 ontothe control line 47.
Communications between the PC 25 and the microprocessor control
unit 550 are pneferahly dig'ital and affected by means of the
RS232 serial commmications protocol link 549. As will be N/
discussed in greater detail below, the ‘data  separation,

20 N modulation and transmission techm‘.quee ‘taught iﬁ U.S. Patent No.
4,568,933, hereby- incorporated by reference; ‘may be used in the
downhole. communication portion of the system in the present -

. invention. |
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sensitive switch 573 allows |ow voI tage DC operatl ng. current to be .suppl.ied

fromthe controel unit 30 at the surface-dowi the control line 47. The
VO{Page sensitive switch 573 al so bl.ocks high volt age current pul ses, sent
fromthe surface along the 20 sam control line 47 to change t he
~ition of the valve, from damagl ng any of the sensitive glectr UI prrent
Wi thin the noni toring nodul e 572. The operation of the&ﬁ%@ﬁg

switches 573 and 574 will be explained in further detai el o ess
control switch 574 responds to the receipt of a 75 . .Patent. Appli catlon

Docket #12609/ 0439 Dhid | it dproskdsees cohéRAl . st 586 08kt hEs8ddoRAsctzade
generator 548 at the surface, and aI | ows the surface unit to selectively

access each par @gigettlly deynhhee doaivbE COAPOIINt thicRbh €6 DA reBC G €SS
woul d all ow the surface unit 30 to nonitor nmeasured 5 par anet er

si gnal s producedehgrator H48snicht applikscaa dikfitelt lvode mdulthe51inando
recei ve those signals uphole. The downhol e val ve control and nonitoring
nmodul e 552 i ncladdesssn sedboted: omes odf (ihet dg@iholkei compomatts of tthe systeant
delivered to either a rotary notor actuation system 565 or a 10

lineBr notion afPuaeltien acekving iiowpheles dnfapnatisee monitored s fous cihiaed ."

above, the fl ow control valve enployed in the_syst em of the present
i nventi on may bEOPPREEed deliverng feantEok PHIRRR ntat Fhatclcompeneny; f Oy ent

\r/rg?\r/lz O];O\I‘/l?:‘\C/)F W|on such ailelther d&&e%rf &rw w&%gry dri ngwnhole-rhe
| component includes an address control switch which is responsive
o to the signals generated by the address code generator to only
10 enable that particular component if it is one which has been
 selectively addressed by the address code generator 548.
. It should be noted, with reference to Figure 9, that the
‘system of the present invention will support a plurality of
different parameter monitoring modules as well as a plurality of
15 different remotely controlled variable orifice valves. Downhole
monitoring module 572 may be used to supply control unit S50
with the value of downhole parameters such as production fluid
flow rate, pressure and tenperatum' or lift gas flow rate,
pressure and temperature. The present invention allows
20 monitoring of the downhole pa.rametara.which are best suited to
optimize production from the associated underground reservoir.
. The block diagram of Figure 10 illustrates one each of such
parameter monitoring modules as well as a valve control and
position monitoring module. It should also be understood that
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15

~monitoring nodule 552 also includes an absolute
posi tion indicator-567 which is connected to the variable orifice valve gﬁé

itself to produce a si-gnal .indicative of the actual size of the val ue
aperture at"each moment. - The out put of the absolute position indicator 567
IS connected to a signal conditioner 563 20 - the output.of wh
is in.turn connected to a voltage to frequency conver t Batent Appldcation
converts the signals related to the valve position int BodkeSe#1260840439
frequency for. transm ssion to the surface The out put of the voltage t

“frequency convi rtor E“%p cggge k%ﬁ&%%ﬁéﬂllneggi %?Eﬁ“%ﬁ voIt

address control ?‘QQ&F%,} N Gk 71 in -t
As in the case of 1%e ownhol e paranet er nDnlto??nggﬁgduP%i qg?ﬁe VO

sensitive 76

Sensitive sw i GhnPEEritR YRS é&r&é?'ﬂﬁl&h%VikVM&”iﬁ%d&%

| oadi ng 5

of ®she val ve.
10 '

3.

A

ich
0
age

ace.
| t age

10;62nd "GN

déwn the DC current supplying the position mcircuits

wi th operating «BRWR!calfdi he Adrkbe PABPgdreFate IR aditirebl oSSR 30 LEhdY
vol tage current pulses to the valve control unit 562 to change the pos

Hie miebéssarysiine orfied hfow ahee spmiyen cbes AloREthy CAnd RRALFA

fromthe surface via the control line 47 and the val ve co

gh
ition
| ed
atr ol

unit 562. The fauoh sixgleotomprinent iinstallatians.absol ute position indicator
567 which provides a signal indicating the absolute position of the va
orifice, through thReferyhed egaimtitonefigure 10, the downhole component

10

15

20

monitoring module 572 nay'ixxﬂnde i:'éf:ahn'gaugé preasure

transducer 546 connected to monitor the tubing pressure at the

location of the transducer withiﬁjtﬁe tnhih§ " The pressure
transducer 546 is connected through a signal conditioner 569 to

- a voltage to frequency convertor 571. theeoqun:of the voltage
“to frequency convertor 571 is ccnnsctéd to a line driver 572

which supplies sufficient power to the output signal to transmit

it along the control line 47 to the surface. A voltage
_ sensitive switch 573 allows low voltage DC operating current to
be supplied from the control unit 30 at the surface dowm the

control line 47. The voltage sensitive switch 573 also blocks

- high voltage current pulses, sent from the surface along the

same control line 47 to change the pdéitidn'of_ths valve, from

- . damaging any of the sensitive electionic equipment within the

monitoring module 572, The operation of the voltage sensitive
. switches 573 and 574 will be explained in further detail below.
 An address control switch 574 responds to the receipt of a
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563, the voltage to frequency convertor 564, the line driver 575 15

oito the control line 47. The nonitoring nodule 572 includes a downhol e
pregsure transducer 564, which is shown to take the formof a strain gauge
pressure transducer 546, connected to a signal conditioner 569, such as an

over-voltage protection circuit, and a voltage .to fvert or
571, for 20 'connunlcatlon of the pressure |%£§E§%&E§ﬁ$§§2 eto
the surface el ectronic package 30 through the control l|ine |on

it should be well understood t hat ot her paraneter neasurenent neans such as

downhol et enper. cliaf | read Silghdl C HeRt SEfdOthd TaddreSdiiah SBratati ON

-Docket #12609/ 0439 shown) nmay al so be prOV|ded as nonitoring coiponents in

the subsurface efggtatonthé sSRiface/ i Ag PAL&AYhe/surfete Gt awr selestivany C
control unit 30 nonitors downhol e pressure information fromthe strain

gauge pressure tacsessueach particular dodmiiblentodulei ¢onponent.or Foki eéxanple,n t he
val ve absol ute position indicator 567 which indicates the current position
of the flow contons addiréss: avouldtaidow| the sunface unit \39  tol moniddrrt measurede
surface control electronics package 30 sends power and control signals
downtfol e vi a t hepaxameter signals; produged hy cthepprrasurertramsducer 546 withimr ol
unit 550 cotrols tfmaeaﬁglcatlon of high voltage Eomer pul ses fromthe high
vol t age power A LhoRet 9 to the control line

47 for chan in the si ze of the orifice in the flow control valve.
J 9 The downhole valve -amﬁum& -and monitoring module 552

includes a valve control unit 562 which controls the current

o | delivered to either a rotary motor actuation system 565 or a
10 o linear motion actuation system such as a solenoid 566. As wes

~ described above, the flow control valve employed in the system

of the present invention may be provided in two different

embodiments including different means of valve actuation such as

either linear or rotary drives. The valve control and

15 monitoring module 552 also includes an absclute position
indicator 567 which is connected to the variable orifice valve

itself to produce a signal indicative of the actual size of the

&"j o value aperture!at each moment. The output of the' absolute
position indicator 567 is connected to a signal conditioner 563

20 the output of which is in turn connected to a voltage to

. £requency conwartor.564,-which convérts the signals related to

the valve position into. a selected frequency for transmission to

.the surface. The output of the wvoltage to frequency convertor

564 is connected through a line driver 575, a woltage :sensitive
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In general, the surface control unit 30 provides an 15 I nterface
bet ween the conputer 25, the transducers 546 and. 567 | ocated downhol e, thg
electrically controlled valve, which nmay be used as a gas |ift valve, and™* .
the operators of the system The controller 30 operates the valve, suppliés

power to the.downhole conponents and - separates the onitqri nals
20 .+ . produced by the transducers 546 and 567 f ﬁﬁg@ﬁ o~
| nformation tel enetered fromthe downhol e control nodul _

di spl ayed at the display 554 of the controller 30. In addition, "the:

conputer 25 alLgPecH’s 5t#ﬁs 8 \BhtrR2 s EhEsEs & agm;t%g]‘ sure
" transducers 36A, 36B, zn 37, 78 Patent Appllcatlon Doqzhﬁet # 8‘&?%439 :
and control s ot herlwaingcwmnts&rﬂ&h asasy alny echd3 daBe O o€ ithb 0 38Rk 2

coordinated well control systemrelated to both dowthol e and surface

- operating condi paramatefomonttonhg, mbdulenS721cthe ovdltabe agemyiteo® nwltiche
systemmoitors the flowrate fromb5 : the flow lines 27A and 27B at

t he surface and5Zéngexves toeisihateothe \gﬁ.sa contool i unitr%ksfmholoaﬁimgm ze
the degree of fluctuations in the production and thereby optimn ze
t he $roducti on @ewm thee DRelcurrent supplidegdthe @wsitihon dmomibocingo eintuitts

Fi gures 3A-3D, 10 several enbodi nents of the downhole flow

control val ve avtth eprsating pewer:yhiimat e sape rtimghallowing tthe passage

present invention These include two different valve designs and two
_.ofhighvoltagacurrentp\nsestothavalve unit 562 to

change the po_si.tion'-' of the valve. =

. The orifice size of the valve may be selectively controlled ~
10 | from the surface via the control 1line 47 and the valve control
unit 562. The flow control valve includes an absclute positicn
indicator 567 which provides a signal indicating the absclute
position of the valve orifice, through the signal condi tioner
563, the voltage to frequency convertor 564, the line driver 575
15 . on to the control line 47. The monitoﬁ.ng module 572 includes a
| downhole pressure transducer 564, which is shown to take the
 form of a strain gauge pressure transducer 546, . connected to a

signal conditioner 569, such as an over-voltage protection u

circuit, and a voltage to frequency ~convertor 571, for |
20 | communication of the pressure infomtion uphole to the surface
. electronic package 30 through the control line 47. . In addition,
it should be well :understood tmtotherparamtermeasuremnt
. means such as downhole temperature or fiow.-rat_e'irxdicatcms (not
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different actuator de5|gns mnth di fferent conbi nations of actuators and

val ves bei ng ‘used in partlcular enbodi nents. The 15 two exenpl ary
vakﬂe desi gns enpl oyed in the several enbodinments i nclude a non-rising stem
poppet “val ve configuration and a rotary, |apped, sheer seal valve
.configuration. The tw exenplary actuator designs enploxed |nclude a
stepper notor with gear reduction and a |inear sol enoi dP3%aty

rotary 20 notion convertor, such as a wire cl Beeetqtt Péﬂﬁq

- ratchet nechani sm and i ndexi ng cam Each of  various enbodi nents of the flow

?8?% Logbgsgvsneconj uﬁdfé%n W t h%%t %%%A%D%%%E%atml f:‘r?its%n.

Docket #12609/ 0433e@StatRal 8i&stroric AR Sorindepadiagti §72y of: Figure 10 allows
the systemto supply | ow voltage operating current to the downhol e

conponents over the BRNguEEabs Oblédtiofl@Scdrtval | WRlY 30 GlonYEbrs? GRwAkGIe Nt
pul ses used to change the position of the valve. 5 Vol t age
sensitive switclpressune tinfoimationl foen tiei eltraid amtge hpresaors otiatgducer
conponents of the systemto continuusly receive | ow voltage operating
currént while at546handapesitiion pniometioy freemthe vakve)gbsbhuteofgositith upon
the occurrence of relatively high voltage actuation pul ses used to change

t he position of imdbcatdr 567 which imdieates the nduxxehty, posdtionyefsthei fime
switch circuitry is provided which prevents the val ve operating

conponent s, sucl¢oRtTRlotR fhe deh gths| | goubrals valvem pEnvadditdon the

conti nuous drain
surface control electronics package 30 sends power and control

-  signals downhole via the control line 47. The microprocessor
10 control unit 550 controls the application of high voltage power
pulses from the high waltage power supply 560 through the switch
module 559 to the control line 47 for changing the size of the

orifice in the flow control valve. S
In general, the surface control unit 30 provides an
15 interface between the computer 25, the transducers 546 and 567
located downhole, the electrically controlled valvq, which may
be used as a gas lift valve, and the operators of the system
s The controller 30 operates the valve, supplies power to the
dowvmhole components and separates the monitoring  signals
20 produced by the transducers 546 and 567 from one another.
Information telemetered from the downhole control modules 572
and 552 is displayed at the display 554 of the controller 30.
In addition, the computer 25 also monitors  other well
parameters, such as the pressure transducers 367, 36B, and 37,
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on the | ow voltage oerating current com ng down the control cable 47. The

vol tage sensitive swtch circuit normally 15 - di sconnects them g

~from the cable until the occurrence of a relatively high voltage control”

pul se which is then coupled through to the val ve control

'_posrtron of the. valve Referring next to Figure 11, there I.s shown a'
ARSI (he *

schematic 20 . . .. diagram illustrating some of t fatend

unit to vary t he

downhol e .noni- tori ng nodul e 572. In particular, there Pockety, Wr’og/o“g
schemati ¢ di agram of the strain gauge pressure transducer 546, the signal

. conditioner 569, the voltag nglq%ﬂéé GRp or._.
driver .572. As m %?g%l a pressure %’Ef;h

%ﬂr‘ %&eer?

Docket #12609/ 0433o8€Nng t wﬁ ﬁ’ﬁﬁeﬁ' g}_ég
pressure sensitive resr stgrs R%a angé%OOb I'S co ected to a precr Sl on

vol tage source (RPmhiife QPEu-filve DAt fy (UL BIRROT t FEN nakld, NEnPERSSUT €

on the resistors 600a and 600b. e output of the 5

pressure

sensor 546 is CQUBACEéGEErbD dangbmii] ﬁ@éyétﬁl%n%cﬂ@rﬂ&v%&nfmm

instrnmation anplifier which includes pair of anplifiers U58 and U5A which

anpl 6fy and buf fuhe tfiewyvaised 0274 cand o278 iamnathe isurfice I &) Sooritrdl) the

mllivolts,

comng fromthe pressure sensor 546. The pressure sensor

out put is boost@zbmnokel(gas injectionolixatge oto t mdnimiker the[ alegresol o8

which is then applied to the input of the frequency convertor 571.

pressure rel at efluctuations in the production - ther:eby optimize the

10

15

20

production from the well.

As discussed - above in- conjunoti.on with ‘Figures 3A-3D,
several embodiments ofthedovmhole flowcontmlvalveare
employed -in conjunction with the system of the present
invention  These include two aifferent valve designs and two
different actuator designs with différent combinations of
actuators and valves being used in particular embodiments. The
two exemplary valve designs employed in the several embodiments
include a non-rising stem poppet valve c'onfigtm';tion and a

rotary, lapped, sheer seal valve configuration.  The two
exemla:.y actuator designs employed include a stepper motor with

gear reduction and a linear solenoid with a linear to rotary
motion comvertor, such as a wire clutch differential ratchet
mechanism and indexing cam Each of various embodiments of the
flow control valve employed in the system of the present
invention are set forth above in ‘conjunction with Figures 3A-3D.
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voltage is applied to the input of a precision voltage to frequency
convertor 605 which may conprise a Mddel AD650 voltage to frequency -
canvertor manufactured by Anal og Devi ces. The 15 out put from
the convertor 605 consists of a variable frequency in the range of from 18
[err] to 30 KHz.which is passed through a-filter portion of the circuit-
606. The filter 606 divides the frequency of the output PateptaApplicatibh
creating a frequency range of [err] for the pressure i PPe¥ekatHlgf09/08RPs s
20 - done to define a discrete frequency range for the pressure-

signals to distinguigh those.signals fr t hose, . associgted with. the val ve

posi tion indicator \N%chg'é’%sdl%&t %ng@ &P-”gbfo?% ?g ‘%@b‘ﬁ?;% al put

of the frequency, di.vi.diRo.fl 06.11+SE O n.tgégﬁi Jt. o i ne
driver 572 whi chsfgrtl:c u e%@f&e&oga?%lrﬁgﬁp%%%%t%n C et%z%go epai r
of transistors 6 8oyl C r ecgnu.(g' e Lave - fut i | 0.t he
range of 9 [err] a Ichis sgﬁtg %%h%l e as being ?nd%a%%aﬁ?hg& ubi ng
pressure at the Reager&nT8hst Puldédd used to change the positiSRTH thd %l 1O

Figure 12, there is“shown schematic diagram Of the voltage sensitive

switgh 573. Thevildagebidhsh oo aivd¥ch dlilFcust§ndb {AIGABA WKiRhlalidws the
connected through a control field effect transistor 610 ad a diode 611 to
out put term nal smdniosisy @bipomsntscdftthe besta tootontilnGodsly rédbeive) low
ground connection 621 fromFigure 11 is al so connected through

voltage operating current while at the same time protecting them

by taking them off line upon the occurrence of relatively high

\ _ voltage actuation pulses used to change the position of the
10 valve. Similarly, voltage sensitive switch circuitry is
provided which prevents the valve operating components, such as

motor winding solencid coils, from providing a continuous drain

on the low voltage operating current coming dovmthe control

cable 47. The voltage semsitive switch circuit nommally

15 disconnects them from the cable until the occurrence of a
relatively high voltage control pulse which is then coupled

through to the valve control unit to vary the position of the

'\;; : valve.

Referring next to Figure 11, there is shown a schematic

20 . diagram illustrating some of the components of the downhole
monitoring module 572. In particular, there is shown a

schematic diagram of the strain gauge pressiure transducer 546,

the signal conditioner 569, the wvoltage to frequency convertor

571, and the line driver 572. As shown in Figure 11, a pressure
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diode D1 to the

connection 621,
volt DC term nal

ground terninal 612 and al-so uphol e t:hrough-the control

line 47. A group of voltage supply terminals 614 include theé ground
+12 volts DC termnal [err] 622, and_Vvdd 623 al ang with
[err] 624 are 15 connected to various poi nt's

within the pressure monitoring circuitry to supply operating current. In
addition, a precision 5 volts DC termnal Vp 625 is coFatentdppbicatiphy
current to the pressure transducer 546. The vol tage sePocket#12609/0438f

Figure 12 is included to 20

enabl e the.systemto operate with

only two lines to transmt both'contéol and power S|gnals .goi hg--downhol e

and noni t ori ng 29RgH ?g%

turning off the
pul ses are sent®
Appl i cation Doc
pul ses are far
wi thstand with

L Fase “”g%d%hﬁa#?@% ."%%““%q%@ﬁéﬁ%% eIpan s
Silole rlieg, 872 fl Sorli i e, s BBl e

gg%gﬁga S6gS tc y,
shutting off tﬁéei'ied wnhol e r?gn??ao%% Cl rcul %\&Aﬁen&#he%l ¥ 'eiﬁ of)tthe

conty ol Ci T Ul tyegbardYBERE BYBI Gh dtphbaaR RY 1gaaﬂee&muoﬁéles\seltage

sensitive switch circuitry shown in Figure 12 |ncIu es a circult for

sensing the vol

i douBrRetserdd Gpl iRt vhisw BneA&s pai® of

circuit 631, and a-circuit for supplying operating current o the
pressure amplifiers US8 and USA which amplify and buffer the very low

voltage signa.l, in the range of. 100 nﬂ.llivolts, coming from the

pressure sensor 546. The pressure sensor. output is boosted to a

10 voltage on'the order of 2% volts which is then applied to the

input of the frequency convértor_-571. “The pr'essin:e' related

voltage is applied to the input. of a precision voltage to

frequency cozwertor 605 which may comprise a Model AD650 voltage

to frequency convertor manufactured by 2Analog Devices. The

15

cutput from the convertor 605 consists of a variable frequency

in the range of from 18 KHz to 30 KHz which is passed through a

filter portion of the circuit 606.. The filter 606 divides the

frequency of the output signals in half creating a fmquency'

range of 9KHz to 1SKHz for the pressure information. This is

20 _ .done to define a discrete frequency range for the pressure

signals to distinguish those signals from those associated with

the valve position indicator which 'are'-'_"i'n the range of S00Hz to

1500Hz. - ‘The output of the frequency dividing filter 606 is

comnected to the input of the line 'dxiirer 572 vwhich include a
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10 : measurenent circuitry within the system i.e., circuit 632.
~When a-voltage on termnals 612 and 613 exceeds the 'val ue of about 25
Vel#s a high voltage condition is detected by the circuit 631 which
triggers the SCR 633 and operates a trigger circuit 634 which opens the
-field effect transistor 610.. In the 15 -event FET switch 610
fails to open in response to a hi gh vol tage conditi on PatentZAppldcatiaes 634
and 635 are provi4ed ahead of the power supply circuiBRodket $268A/Q43% a
measure of safety. |In addition, a varistor 636 is provided across the |line

612 and 613 to d| SSI ate_an excegé?vgﬁolsé%ge S rgies and g ﬂ%{\t damage to
20 ' ?ﬂﬁ# "‘é‘)&g‘p e

volts 2%88??9&‘%@?3&% o el o 4 0 1, AR PTG, 5

the hi gh si de SERRG Pen ipe, rBRCkitte (oF ' AE WL, HRen i IO et

#12609/ 0439 al sSERMYyY 546! t age sources connected to the neasurenent
circuit 632, including inverter 637 which gives the negative 12 volts on

terginal 624, are igifakitit Cow! RocHGuedsa2)han@rii 48 WHkRIEchEhaRS ar e

applied to the 5 control line 47 to control the position of the
downhol e val ve diafgany 0bf a¢he i Soltiten sensitive ZAH®cholSIaW naheasRriakleent

pul se. This enables the voltage sensitive switch of Figure 12 to
i medi atel y resrbqudmy! finpatl sigral frghnFigusudli 4g lconnesteiaghrough a
control field effect tramsistor 610 and a dlode 611 to output
% " terminals 612 and 613 coupled to the contral line 47. The
10 | _ ground connection 621 from Figure 11 is also connected through
diode D1 to the ground terminal 612 and also uphole through the
control line 47. A group of Qoltage supply terminals 614
~include the ground comnection 621, +12 volts Dc temminal Vg
622, and Vgq 623 along with -12 volt DC terminal Vgg 624 are
15 connected to various points within the pressure monitoring
circuitry to supply operating current. In addition, a precision
5 valts DC terminal Vb 625 is connected to supply current to the

L pressure transducer 546. .

The voltage sensitive switch of Figure 12 is:'included to
20 _ enahle the system to operate with only two lines to transmit
both control and power signals going downhole and monitoring
signals going uphole. Thus, the system includes means for
turning off the monitoring circuitry located downhole when high
voltage pulses aresentdownholeto-cha.t@thecorﬂitionofthe
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power to the nmonitoring circuits. The SCR 633 senses the fact 10
that the voltage across the |line has gone to zero which interrupts the v '
~control circuit 634 to again enabl e conduction across the FET 610 and :
reconnect the power supply circuit 632 to the line. Thus, the voltage
sensitive swtch of Figure 12 allows the continuous supply of -l ow voltage-
current fromthe 15 : control line 47 through t @atés catigp! v
circuit 632 until it detects a high voltage pul se com n@odlaam%d/mssﬂ
As soon as the voltage on the |line exceeds 25 volts, this condition is"
detected by SCR 633 which in turn triggers the opening of field effect
transistor 610 tvakveeveWe thigh wpitiageavalyn Mmgtplﬂlﬂgﬁ are far above the
voltage to the power supply circuit 632. As,soon as the voltage on the |ine

has decreased aghf¥elt o% othe hm& {9 Lol g PRt coancRvidds tand c h
o the |1 ne a7 ¢ SHRit QaBRS oo C vBifae melalre SRkch, ehp v Phy.
L i e i B
fh(r:fulgdfa;ya To?tracfsmn ro‘fa"%'lreg1 ent ometer% ww@“ﬁ“%%ﬁagr 567
o o aer st e B fébafll 258 0LaGE SUELELRP SN Lih WREEAPhN £00,

which controls pigure 12 includes a circuit for sensing the voltaga ‘coming down

[

the control line 47 fmm uphole,  i.e., circuit 631, anmd a \:
~circuit - for supply:l.ng operating currem: to 'the pressure |
10 . measurement circuitry within- the .sy_stem. i.e., _c_:ircuit 632.
When a voltage on terminals 612 and 613 exceeds the value Of
about 25 volts a high voltage condition is' detected by the
circuit 631 which triggers the SCR 633 and operatesa trigger
circuit 634 which opens the field effect transistor 610. In the
15 _ event FE.'I'.swi'tch 610 fails toopeninnesporse to ahigh voltage
condition, two Zener diodes 634arﬂ635ampmvidadamadof
.the power supply circuit 632 as an extra ‘measure ‘of safety In -
addition, a varistor 636 is pmovidad'across the line 612 and 613
to dissipate any excessive voltage surges and pmvent ‘damage to
20 - the power aupply circuitry. For example, 1n the event something
goes wmngupholearﬂahi@voltage, eg., onthaorderof 300
volts is applied across the line, the var.ist_or'- 636 dampens that
valtage surge and allows the circuit to contife to function
without damage. Once the high side m switch 610 is opened,
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t he position of the valve by neans of a gear nechanism The potentioneter
641 is rotatable 10 full turns fromone extreme 10 . .value - of
r\/s1 stance to the other. Thus, the valve posi-tion indicator 567 produces
“an out put vol tage which is pr. oportlonal to the position of the valve am
.connected to the potentionetéer. -The output voltage is input to a signal
_condl tioner 563 in which the output voltage is anplifipstentdagplficactsh in
anplifier 643 to 15 . deliver an output signal Décketh$1260040435 a
vol tage to frequency convertor 564. - Circuit 564 includes a voltage to
frequency convertor |C 644 which may conprise a Mdel - AD650 ‘voltage-to

frequency conv ealilonpowanusemlyr wdltageAsalncesDavnpectedado the hueasaremerit
convertor 604 shown in Figure 11. The output of this 20 . devi ce

i s connected tcciaciit 1632, ohaciydiog inyesytex $37 Hehichegliag Fho negative t ke
signal to the sel ect ed frequenc¥ [aal%e to be used for an indication of
absol ute val ve fintexrypteds, 645 i s connected to a

HQSUSLLQ aaéi ﬁ?'%@%@d“es S vihzg % ypb P hedd APl SrdsBo MBS (o 1.
T

adlBt§ bnal i 1 SFPEFGL CHIth, f 2 GRSt 6P oRof ol SRR Ve o, o

10 whi ch & - e fAP Rellen B B! 205 TERILLT s} SRl Plegy O

means of term nghg Cahiias €hS- volbiyd 'SeHstEEVe ee&%ad ol #EqRRsi 13 Ofo
immediately reset itself and again begin conducting low voltage
~ power to the monitoring circuits. The SCR 633 senses the fact
10 that the wvoltage across the line has gone to zero which
interrupts the control circuit 634 to again enable conduction
across the FET 610 and reconnect the power supply circuit 632 to
the line. Thus, the voltage semsitive switch of Figune 12
" allows the conmtinuous supply of low voltage current from the
15 control line 47 through to the power supply circuit 632 until it
detects a high voltage pulse coming down the line 47. As soon
as the voltage on the line exceeds 25 wolts, this condition is
s  detected by SCR 633 which in turn triggers the opening of field
effect tramsistor 610 to prevent the . application of that high
20 voltage to the power supply circuit 632. As soon as the voltage
on the line has decressed again to zero, this condition is
detected the SCR 633 which allows transistor 610 to“again close
and reapply the power supply voltage on the line 47 to the power

supply circuit 632. | T
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signal is connected by neans of term nal 653. The circuit includes a

vol t age sensor section 65’4 and a neasurenent pewer supply section 655. |
The power supply section 655 has a 10 - plurality of output S
termnals. 656-+including two +12 volt output terminals, [err] 657 and Vos

658, and a -12 volt output termnal [err] 659. A ground term nal 660 as .
well as a 2.5, preC|S|on voltage [err] at terminal 6613&3&&3@;@@@&% the =
term nal grouping 656. An inverter 662 produces the -1Dockbt #12609/0839at 15
termnal 659. In general, the input termnals fromthe control line 47 are
connected through a.pair- of diodes 662 and 663 acroess which is conhected a-
varistor 664 to the Refexmigy @Kt oto s Bigynen 1@54me rehowo| magehematihe
control line 47 is less than 20 roximately 25 volts, the SCR
665 i s not cond&tagAg afd, cLFRLEFS, éml-ll'ﬁ?dco thin dhec ahsobute dpesition
operate to open the CII‘CUIt of . field effect. transistor. 67 and the | ow

vol t age current MPRSWSMRRECt Sy K e Hﬁ'Fj;Plél@ iges @ Ver ovi Be
Aopl 1 cat on DocRELEHIBATIASHER ohp. Fayies, o pEpetalBAIH |9$ﬁen§i e %o,
ls 6 el S 66
gggltéra];mcgﬁdzct :Sé?]??g'h?éa%t ﬁ%te e con{){r)ccgjlo I @c:e&k¥i%%5v¥ﬂa§§ "%Seci ui t5
Supply olvan ‘%g&g_wt nﬁé@&even?t at 6@ &._l,}.%s§ ‘the m%

supply circuit ere IS
The potentiometer 641 is connected to the shaft which controls

the position of the valve by means of a gear nieéhhhism The

e

potentiometer 641 is rotatable 10 full turms from cne extreme
10 _ value of resistance to the other. 'I’ms, the valve position
' indicator 567 produces an output voltagewhich is proportional
to the position of the valve amm connected to the potentiometer.
The output voltage is inmput to a signal conditioner 563 in which
the output voltage is amplified and buffered in amplifier 643 to
15 deliver an output signal to the input of a voltage to frequency
convertor 564. Circuit 564 includes a voltage to frequency
convertor IC 644 which may comprise a Model AD650 voltage to
frequency comrertor manufactured by Analog Devices, as in the
case of convertor 604 shown in Figure 11 The output of this  __
20 device is connected to a filter 645 which converts the frequency
value of the signal to the selected frequency range to be used
for an indication of absolute valve_poﬁitién. The output of the
' filter 645 is comec‘ced to a line driver 575-.@ich pmduces an
. output signal on terminal 646 in the frequency range of 500 Hz
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mal function in the circuit, the zener diodes 671 and 672 are connect ed
across the power supply circuitry to prevent any damage to the circuitry.
- Ryrther, the varistor 664 is also provided for voltage protection in the

event sone exceedingly 10 hi gh voltage is inadvertently
applied to the line at the'surface.. As can be seen fr t he vql tage
.sensitive swtch of Figure 14, the appl I cation of rel %y‘ﬁy‘;ﬂ%

[err] current to the terminals 651 and 652 is connecte et A3 s the
vol t age 15 sensor 654 to the power supply of- 655 and fromthere

to the positio WAl yﬁ%@%& t&m@ﬁy&{
“hi gh vol t age plr}logg 1S a &#Q@R@g %?6%}11% t&y}hﬁ}n',ge the
position of th W@ﬂem&bﬁﬁ&gw smghgg 7 is opened to

i nterrupt and take the power supply circuit off line until the

hi gh vol tage has pmannd?eﬂwtt@npﬁufehemyalmhé heheai laHchefatilte | i ne
to zero stops the SCR 665 from conducting which allows the high side switch

667 to again cldlagrambfpeher véltage semipivedswitchh87¢ ofeFigurepllp whichi t
665. 87 Pat ent Application Docket #12609/0439 Referring next to Figure
15, st here i s slinchudesscéecomnectdongtamthé aontiale cahler 7 uby tméxd8 vafi ch
includes a pair of input termnals 681 and 682 connected to the control
cabl e 47 | eadi regohinatst 6S1nanih652. The Erequency yengededdvalveposbtiomid 5
coils 683 and 684 which, upon energization, serve to elther open

signal is connected by means of terminal 653. . The circuit

includes a voltage semsor section 654 and a measurement power
\/ supply section 655. The power supply section 655 has a
10 plurality of output terminals 656 including two +12 volt output
| terminals, Vgg 657 and Vg 658, and a -12 volt output terminal
Vg 659. A ground temminal 660 as well as a 2.5 precision
voltage Vperans &t terminal 661 is also part of the terminal
group:.ng 656. An inverter 662 produces the -12 volt texminal at
15 _ terminal 659.
| In general, the input terminals from the control line 47
are connected through a pair of diodes 662 and 663 acroes which
\_j o is connected a varistor 664 to the voltage sensor section 654.
When the voltage on the control .line 47 is less than
20 appmmtely 25 wvolts, the SCR 665 is not conducting and,
therefore, the control circuit 666 does not operate to open the
cirquit. of field effect transistor 667 and the low voltage
current is connected to the power supply section 655 to provide
output power to the measurement circuitry. If, however, the
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the valve an increnental anount, or close the valve an mcrerrent aI
anount, respectively. A pair of d| odes 685 and 686 are connected, < J-
respectively, in the circuits of solenoid coils 683 and 684. The di ades L
685 and 686 are connected in reverse 10 pol arity from one another
and a pair of SCWas 687 and 688 are connected in series wth the diodes :
685 and 686, .respectively. The di odes 685 and 686 are aPatemycBpplicappmsite =
polarity so.that a pulse in one direction which exceedsDogietr $%2609/D04389
volts is allowed to pass through one of the diode legs to turn the 15 -

associ ated SCR on and thereby energize the assom ated solenoid_coil., A
simlar voltage e vehtagreon b6 Feurah | Line; $7; dhoh B Eeat8als f5)xAndht el \ y

e o, e B B
?nggzt ?32 g?:% gcgcggyctimo& 6. gggga;éea a par I CU a; 'OQ Noi ﬁgéco 3 hg%“b&%
gggrglhzegi, rguirte%’gsegg P%I? and pr é%éérg#o'r e nex? S%éa%e

vol t age sol enoi 26@6439% PE5S.E ValnSghed D ?\tﬁd %8 q eng

Appllcatlon DocKet #1 the circuit are pre bly on the order of
about 60 volts fQ rARREIRH T Ahe @DEcEREOkHe 2énesh Qubdas?| A t&ﬂn%flﬁdaiéom

the valve control circuitry of Figure 7 that the norally n ting
SCR s 687 and 68S%nnected across the power supply circuit:.y to prevent any
damage to the circuitry. F‘u_r_ther, _ tha varistor 664 is also s

provided for wvoltage protection in the event some exceedingly

10 - high wvoltage is  inadvertently appueato the line at the

urtace _ _ .
2s can be seen from the voltage sensitive switch of Figure

14, the application of relatively low voltage dc current to the
terminals 651 and 652 is commected directly acroes the voltage

15 sensor 654 to the power supply of 655 and from there to the
position measunng components within the system When, however,
a high voltage pulse is applied to terminals 651 and 652 to
change the position of the switch, then the high side switch 667 ~
is opened to interrupt and taks the power supply circuit off

20 line until the high voltage has passed. Reduction of the value
of the current on the line to zer.'o stops the SCR 665 from
conducting which allows the high side switch 667 to again close
and power to be reapplied to the power supply Circuit 665.
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5 the application of the .low voltage power. supply current
to the solenoid coil 683 and 684 and thereby avoid | oadi ng the power supply
_&irpcuits with any current flow through those solLenoid coils. This saves
power and prevents safy drain on the circuitry downhole. 10

In effect, the voltage sensi:tive switch for the valve control unit of
-Figure 15 is a mrror inage of the voltage sensitive spratett Agslich€ion
pressure nonitoring circuits of Figures 12 and 14. Thbocketv#l2609/0439
ciruit of Figure 15 -only allows the passage of one polarity or the other of
a-relatively high 15° - . - voltage dc pul'se to actuate the sol enoid

coils or alternativBpierring ReflortQ figuref 18, fehare dsnshom \a schematict does
Contrast . the JAPERER Gbai Vae SRFEetosmsR Bid eieh: dnglufes sasprbmy othe
passage Of 1o MBLEOEAREL SHPTh GHb SAach &1 elbbet S 20 43,
15" akes the sdioetpe Bk SAENELIE. | e | Roifieatd 1880l ol mohgraiuar
UL S hem back “SatBcf dpacie bnkaE®toon eaHAIEL AL SRl B 41 el ot ncur
the voltage goqheabgyReabal! 3i:rémbrdt®lSCaddil, t Ng S8l & Widah v0€ an
operated by one of the high voltage pul ses. I'n conparison, the voltage
sensitive sw t ghRgefintall Jaiiint] 2réffdctively. A pair of diodes 685 and 686
', are connected, respectively, in the circuits of solenoid coils
- 683 and 684. The dlodes 685 and 686 are connected in reverse
10 polarity from one another and a pair of SCR's 687 and 688 are
connected in series with the dlodes 685 and 686, respectively.
The diodes 685 and 686 are arranged in opposite polarity so that
- a pulse in one direction which exceeds approximately 39 volts is
allowed to pass through one of the diode legs to turn the
15 - associated SCR on and themby en'ei'gize the associated Solenoid
coil. A similar voltage pulse of the opposite polarity, which
exceeds approximately 39 volts, is allowed to pass through the
— other diode and turn on the other SCR to energize the other
. solencid coil. As can be seen a pair of zener diodes 689 and
20 . 690 establish the trigger level of the respective SCR's 687 and
688. Once a particular sclenoid coil has been energized, a
reduction of the voltage to zero causes the SCR to turn off and
the circuit to reset itself and prepare for the next cycle. The
high voltage solencid operating voltage ﬁulse values applied to
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14 leave the pow supply circuits on line when the voltage is 5

bel ow or’ abeut-'20 volts but takes themoff Iine whenever the voltage goesv
above about 25 volts. There is a voltage w ndow in between the two to

ensure that neither one is on line when it's not supposed to be. As

-di scussed- above in connection wwth Figures 11 and 13, 10 . : each of
the two nmonitoring circuits produce ac signal's which ar 8ateny Applicatient he
noni tored paranmeters e g., pressure and absolute p05|tlyﬁ°)8?t #125Q8/0439 ¢ o

- be sent. back uphol e. The signal waveforns shovvn in Figures 16A and 16C

',|Ilustratethos al s, r ogft on,i sent ed
by a 15 - %3 8 Pi??%%ﬁm%\% B R et
1,500 Hz and nay, Jdi:%ﬁ hgm;dje formshovvn |n F| gure 16A.. This is a
si gnal produced the ci rgwt shown in Figure 13. The waveformi Il ustrated

in Figure 16B is thattmwaeaseybé%cearﬁwtwwvefcoﬁw @i bduitdS of
represents the signal value ~ being produced by the presSure

transducer. ThiFigurényl M-WWW% EcrP806BP" Bha 688

substantially higher than that of the valve position signal. The two
-conbisned wavef orgrevent. thd applidation nof-ither bow GOL tide owep lerpply Scurient
actual signal which is sent back uphole via the control cable 47 90
Pat ent Appl i cat itan thecaelenti8606110483 and HES4]anddthedebyt avold Loadingsthe
within the control circuit 30 and sent to the counter nodul e 556 for
conmuni cation t aWes supply clrcults with any current flow through those

solenoid coils This saves power and preverts unnecessary drain

@

10 _ In effect, the voltage 'semitive- switch for the valve
control unit of Figure 15 is a min'or image of the wvoltage
sensitive switch for the p::'essu::e- monitoring circuits of Figures
12 and 14. 'mevalve control circult of Figure 15 only allows
the ;Sassage_ of one polarity or the other of a relatively high

15 | volta_ge_dé pulse to acti:_gte_ &xg___solewd coils or alternatively,
the motorcoils of-amt_orqom:cl valve, and does not allow the
passage of the low voltage power supply current. In comtrast,
the voltage semsitive switches of Figu:nes 12 and 14 allow the 7

| passage of low voltage power supply currents but prohibit the

20 pas_sgg}e of relatively high voltage valve control pulses to
protect the n&iito;t_ng_ci_muits-.f_m damage. That is, the valve
control unit of Figure 15 takes the solencid colls off line
vhenever the 20 volt standing power supply voltage is present so
it doesn't load thepower supply line and then puts them back on
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m':croprocessor control unit 550. As can -be seen fromthe system of the

present invention, 5 and with parti.cul ar reference to the dual

_sompletion of Figure 9, the systemallows separate control over the .ifices

“of the two.

val ves.
accordance with the present
fromtwo different
|ndependently

separate val ves 45a and 45b of the conpletion.
systemta utilize a common gontrol -

This allows the
‘pressure in the'casing 14 but yet to
zallow different amounts of flow through two gas 10  Patent Apphieaitioon
Control of the orifice in each of the separ Hoeket #12609/0439
i nvention allows optimzation of production

deBths adt dlfferet forgatlg{kmﬁﬁgpa 1?lié:lgl@tytc-)i'
m to
o't or ent - dept FRLSFPBAP r°d%§éi=sup%?y fﬁéﬁ W AR flaed 11

pressure, is ub 5%@95 a‘;gﬁ:g@? “gg&]as g’pbfgtl#gg

syst em of theaf)l'r%ese (B n&%nt I on I n 1:| gures and 10 "also H}gvxs

mul tiple —addreg +R8 " SARECBupdiR i AliRE 2 line when tid Wettdce 3gd
multiple  ressable vaI ves. This allows a single control unit atg%t he

surd ace to sel Beldw Wy dBBRtt 90 JoltkUiki tuke skl BEENLird whenever thdi thin
the well, including different pressure as well as different flow rates and
ot her agEl tagacgoess aboed iabolly 250 haItge t Mseredls fa WOltade ®ind& Lnng

91
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The provi si on Bétweehethé Whioyto ensure that neither one is on line when it's

10

15

20

not supposed to be.

As discussed above in comnection with Figures 11 and 13,
each of the two monitoring circuits produce ac signals which are
indicative of the monitored parameters, e.q., pressur.we-and
absolute position of the valve, to be sent back uphole. The

| signal waveforms shown in Figures 16A and 16C illustrate those

signals. For example, the valve position is represented by a
signal of relatively low frequency, i.e., 500 Hz to 1,500 Hz and
may be illustrated in the form shown in Figure 16A. ~This is a
signal produced by the circuit shown in Figure 13.

‘The waveform illustrated in Figure 16B is that produced by
the circuit shown of Figure 11 and represents the signal value
being produced by the pressure transducer. This signal has a
frequency on the order of 900 KHz to 1500 KHz, substantially
higher tha.n that of the valve position signal. The two combined
waveforms are illustrated in Figure 16C which represents the
actual signal which is sent back uphole via the control cable 47

90
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addr essabl e conponents within the val ve system aI | ows these. advant ages. As

in the case of a single well corrpletronrllustratedrnS : Figure_

1, the systemof the present invention allows the optin zation of
production froma gas |ift conpletion by mnrmzrng the variations in the

production flow surges fromsuch a conpletion. AS is well known in
the art, the |ntroduct|on of injection gas into a casPatentodppdd catdeorf | ui d
in 10 S “the tubing to the surface but when the Pocjetd#126p8/0439 t he

b3

annul us get down near the gas inj ectron vaI ve, - gas begins breaking into the

tubi ng whi ch aerates the g dt_ggl %he ttﬁr ngl&and reduces t he

aver age density % F‘PQﬂadlfV 4 gtene RERRY Sipruit 30

his effect perm.ts np to flow.in i ch IIovvs
theflowcontrol"ét Fﬁgiﬁ%e %E‘%&a?’ t¥m i ce
at the surface. of the voI une of gas in the
annulus the rate o§ %aseg%owrn o the ? %ong rovrs faster and faster up to
the point where so NCh.ff%e88ekCria khaTeydten L| qur gh gr%‘“ﬁ"%ppﬂ“'ﬁ‘%’@'ﬁ%‘%um ng

that the pressure in the casing decreases.

downst he wel | bunadiieh Buldze YerbferR@atd thh a1 ! shigleeidd OF p1baws the

casi ng pressure to buil The flow into the tubi ng nmay even stop un

1081 o2, 7S A Rt o e
two. separate valves 45a and 45b of the completim This allows
the system to utilize a common control pressure in the casing 14
but yet to allow different amounts of flow through two gas
10 o .inject,ion valves. - Control '-of-'--th_e ‘orifice in each of the
separate valves in accordance with the present invention allows
optimization ef- production from two different depths and two
different formations. Such an akility to -irdepeuﬂently adjust
the orifice of two eeparate flow control valves to optimize the
15  production from two different foﬁﬁtieris at two different depths
from a single gas supply within thecas:.ng ‘at a common pressure,
is a auhstantial advantage over prior dual completions.
The system: of the present -invention shown in Figures 9 and
10 also allows multiple addressable parameter monitoring
20 circuits and multiple addreesahié valves ‘Thig allows a single
~control unit at the surface to selectively monitor a plurality
~of different parameters within the well, including  different
pressures as well as different flow rates and other parameters,
and then selectively change the orifice seize setting on

91
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Conventional systenms with standard fixed orifice valves create a resonant
répetition of this eycle at sone frequency which is a function of the
‘KOJ/ume and the pressure -of the fluids in the casing and the tubing. Cyclic
“unloading results in an &rratic 5 and interndttent flow fromthe
W |. The systemof- the present invention allows control of the rate of
<injection of gas at the bottomof the well to reduce Patens Appliciatiowmf the
system The present systemallow reduction of t he pr Bockate #H26Q9/043%ont r ol
of the orifice size of the operating val ve. The system

aIsonrrpIerrentsarrethod of re ul at gasllft'ro ction b ustlngthe
openi hg in thedjtﬁﬁm g" H%‘gé’h oR%B’&Fg“Pegﬁrﬁ ?C‘J-"'
characteristics te eratureadf a as to mtch.the injection
characteristic E“Q%‘ﬁf‘g" Vitqgn sChPhevall'?ﬁeeg{"?‘f‘ﬁ'ill g%é‘c’ﬁ?eég%?%,

I nj ection gas %:?vam:a vol ume and the characteristics of. the annul us.
OWS g? ust

Thi s net hod. ment of the downhol e orifice to prevent surging
and headi ng of variygt h rﬁ!c W’iﬂ%h?a

hydr ocar bons. Pri g? #5'{;3 ma}%gée een %‘Ferrente pri rrar% the s?ow and
teg ous replac of, VehyCgydeunheke et mféaar@usneamon allows StB&S Of
val ves in order try to optimze and reduce the surging in such systens.

The system of MEEEE bPV§RbaaEtidh! OfomS UDSigast ildifty ddipleticieny's
adj ust nent of downhole flow control valves and a nmuch nore practi cal

i mpl ement at i onmixiinfi 0y Othd NVaadatidns Ih theP@ﬁ:mml EL6ow i surges from -
| such a completion.  As is well known in the art, the

- introduction of injection gas into a casing forces the fluid in
10 - the tubing to the surface but when the liquid level in the
annulus get down near the gas . injection valve, gas begins

breaking into the tubing which aerates the liquid column in the

tubing and reduces the average demsity of the fluid in the

tubing and the bottom hole pressure. This effect permits more

15 and more gas to flow in which allows the flow control at the
surface to get away in the case of a fixed orifice at the

surface. Because of the elasticity of the volume of gas in the

o anmulus the rate of gas flow into the tubing flows faster and
.fa_ster@.t:othepointwhemsomchgals has been flumed through

20 the tubing that the pressure in the casing decreases. ' Liquid
begins dropping back down the well building up the pressure

again in the tubing which allows the casing pressure to build.

The flow into the tubing may even stop until enough casing

pressure has built up to supply more gas into the well.
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" Docket #12609/0

tubi ng and then
from the casin
effect, by vary
~ steady flow rat
optimzed. - In

the size of the

period of tine
val ve orifice s
Such opti-m zati
and/or fl ow at

the size of the ™A
m ni num ef fecti
orifice to maxi
the system of t
orifice sizes

diffgrent tubir
two different c

439 By detecting the variation in flow rate out of the

restricting the flowrate through the valve downhole, i.

g into the tubing, fluctuations can be mnimzed. 1In

ing the downhol e valve size in 5 order to get a
e at the surface at the highest level, the systemflowis
one -approach the flow rate is started vePgtesitolgplisatidrhen

valve opening is increased until the fl|Dothekt #5260940439 a

i ncrease above a sel ected value. Program control over the 10

I ze is used to obtain optimzation_ w th this_approach.
SFETS 1 th EhAraach, FLred SEAER (RLVER crBate a

the sur,face [ or _downhol.e;. to detect variatio and t hen
PRt FeBePitiol of HS cVere, GroBoms cpdbning Sirh oif

\r%%‘ééjf% ?ﬁ g:vrxfef rv§£mH1e wel c%%ﬁﬁegﬁél' ﬁfs S%o 1t'!,'-dtlhet)ove

Belof R rof SR, ORISRl Mt el el

@22 Pntermi ttent £l EroiOLil el Ntyrar

B -
onpl eti on zones can be supplied vmth t e appropri ate

St hat”

pressure from a jgivagtan ADLdS oaﬁeﬁﬂuae 4 rate Ro¢ LRjedBRn 62! da aboRis!

#12609/ 0439

10

bottom. of the well to. r.educe the elasticity of the system. The
present system allom reduction of the pressure head by control
of the orifice size -of the opemting valve.

The system also implements a method of regulating gas lift
production by adjwting the opening in the downhole orifice to
match the- dmmhole resemoir characteristics of temperatuxe and

. flow as well as to match the injection characte::i.stics of the

15

20

gas supply, i.e., the injection gas  pressure, irxjection gas
volume and the characteristics of the amnmulus. ‘This method
allows adjt_:stme‘nt of the downhole orifice to prevent surging and
heading of var.lat:iom_ in the actual ‘production of downhole
hydrocarbors. - Prior systems have been implemented primarily by
the slow and tedious replacement 'ef valves downhole with various
sizes of valves in order to try to optimize and reduce the
surging in such systems. The =systei\'of'ttx'e present invention
allows substantially instantanecus adjustment of downhole flow

~control valves and a much more practical implementation of flow

optimization.
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rated that while the nonitor and control on with the-flow contro valve of
béen illustratively .shown, other nore systems, such as that. shown in U S
kQ/ Mcracken, et al., assigned to the i nvention and incor porated-by
“reference conbination with the flow control val ve the operation and
construction of the will be apparent from the r.eqoi n S. be|n '
-preferred, obvious changes and therein without departgﬁﬁgggaﬁﬁl :

i nvention as defined in the follow ng 95 Pat ent Ap

#12609/ 0439 WHAT IS CLAMED | & 1. A systen1 for controlllng t he flom1fron1a

gas lift petrol eu ggg%%%ﬁgl e pr&f} i ¢6R ﬁ_cgprzgp_gl %QeEfxé‘ttﬁﬁai% | east

two spacially separ oduct i on zones an

i nol udes a_caskRil @ik SbEA KLAH e bhoaitel enbiih the RarANaLANANG, ot end

into both of said spacially separated production zones and at | east two

strings of tubing efbandihs casfidy aldted tHeONELKiRg, | FLast@itighs { B&n CBSI NQ
fromthe well head and wherein the first string o * t ubi ng extends into the

region of the mimistizél In effectpf bpavaryimgcithé| downhpde avalieDsadaCihon
zones and the second string of tubing extends into the region of the second
of Said order to get a steady flow rate at the surface at the highest
level, the system flow is optimized. 1In one approach the flow
- rate is started very slowly and then the size of the valve

opening is increased until the fluctuations over a period of

\./ time increase above a selected value. Program control over the’
10 _ valve orifice size is used to obtain optimization with this
approach. - Such optimization programs are implemented by

measuring the pressure and/or flow at the surface and/or

downhole, to detect variations and then the size of the variahle

orifice valve is progressively changed from a minimum effective

15 orifice size to the maximum effective orifice to maximize the
flow from the well completion )

~ As also noted above, the system of the present invention

enahles selectively matching of the orifice sizes in two

different valves controlling the flow irxto two different tubings

20 from o different production zones so that two different

completion zones can be supplied with the appropriate pressure

from a single annulus pressure.
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production zones, said systemconprising: a gas lift valve connected in

each one of said strings of tubing'with a first valve being located in thqw#
regi on of 15 _ " said first production zone and a second val ve
being located in the region of said second production zone a single source

of pressurized gas connected to the casing at the well. hg rqQvide a
source.of lift gas; ~and neans for independently varyi ng F%I%SP
flow 20 . . - -+~ control aperture within each of § 80948

second gas 17 ft vaI ves to control the production of fluids fromeach of

said first and secongd.product;j:on ;omzﬂ,&@m% S ¢ L?IW he
ch a bor

flow froma gas |lift petrol sum productlon well 1n ehol e
penetrates at 96 ... Patent :Appli.cati.oon RaireithE 1 2089/ diieSol oRiivel ¥8 the
spaci ally separ at ed geol ogi cal zones as set forth.in claiml in
whi ch each of said:.gas Liff.val.ves.i nebhdeslustrael velyresHown, hotheg fodd ow
i nput port, a flow discharge port and means for. controlling the passage of
5 c-f.huid ¢ her ebetween,cus systemst rsuichmaanshatn dhognndnntasis
capabl e of varying the size of the passageway between the i nput port and
the discharge pdrt..and:weahs fof:aint dcGrankenhe eti 2. of ashbgmed styetby at
a sel ected val ue; mans connected to said valve nenber for varying the 10

$

size of said pag‘sagevvay ‘and o .%o invention and incorporated hy reference
iy 570 D et in combination with the flow control valve

Gl e Srove i . .

e R S I BN - i . - : . ] u

B It 4o ¢ ool i % the operation and construction of the -
iy Proseih. fmaedies wlil  be appavent from© the foregoing

Glooripiion Uaile Ui rathod and apparatus shown and described
o Lo ghooncunmda oDoes beingpreferred, cbvious changes and

pEliiic it n-s o 1 3s therein without departing from the
FpAsii Ll wios. o .. suvention as defined in the faollowing
i ¢l iy
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‘mans renote fromsaid valve for supplying control signals

| : o said varying—
" nmeans to control Ssaid neans and select the size of sai,dH

_-.sygtem for controlling the flowfroma gas lift 15 ' wtﬂﬂm,ﬂr)w,’f
y *

“production well in which a borehole penetrates at |east two scpaéi all ys
separ at ed geol ogi cal production zones as set -forth in claim2 which al so
.includes: neans connected to said valve nenber for pro on

i ndi cative of the size of said passageway; 20 #1260940439n¢ r ol
unit located at the surface for gererating control signals and for

.. monitoring the Wsagemy wi-t hin a val ve nenber; and a control
cable connected tromsalrd control unit to each of said gas lift valves for
coupling control siqgnal SAQZYSmnPaf&ntc&,Q%iﬁ%i e DPekpt £k BDULA3G rom
said control unit to said valves to vary the size of the passageway and
to couple sai getyuleangprdductione wellli At Wiheclsi §NdbfeHdlaMRastratakY &t

menber to said control unit. 5 4. A system for controlling

the flow from algsst |twa spaciallymepassted iceoloridali Prodiction HEHENGA
penetrates at | east two spacially separated geol ogi cal production zones as
set $orth in cl dhehdlesna wasthng sxteanding foom anivelitiesd toQindecthebarshdler
noni tori ng downbol e pressures and which al so incl uds:
and extend into both of said spacially separated production
zones and at least two strings of tubing extending in parallel
along the interior of the casing from the wellhead and wherein
o | the first string of tubing extends into the region of the first
10 of said spacially sepa.fated pmduction zones and the secord
string of tubirxg extends into the region of the second of said
~ production zones, said system comprising:
'a gas lift valve comnected in each one of said strings
of tubing with a first valve being located in the region of
15 said first production zone and a second valwve being located
in the region of said second production zone;
| a single source of pressurized gas connected to the
K/ casing at the wellhead to provide a source of lift gas; and
means for independently vary:mg the size of the flow
20 control aperture within each of said first and second gas
lift valves to control the production of fluids from each

of said first and second production zones.

2. A system for controlling the flow from a gas lift
petraleum production well in which a borehole penetrates at
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10 nmeans for generating a si gnal |cat|ve of
the pressure within the tubing in the region of eachl ﬂ ”H
val ves; and neans for connecting said control cable ™ N

pressure signal generating neans 15 . A system for
controlling the flow froma gas Iift petroleum productlon well in which a -
borehol e penetrates at |east two spaciall y separ at ed ge&m%m}mi on
zones as set- forth in claim1 in which said control neaRecketck /0A3Rns
for monitoring the production fI ow from each of 20 sai d

€

~strings of tubi the surf and n esponsi v the vol une_of :
production flow r}%aﬁ%]?&ﬁpﬁ?" %Pﬁ-?ﬁaﬂgl’% REes 178 8% of

=0

ppp! | cat i on %8§L%*%£%&3?%ﬁ£ ; oﬁ?.”?naéﬁig?ﬁd“#ow 3%5 Feoseron "

flow through each tubinggst nﬁpﬁgf €a jggw gﬁ:@

controlllngtheflowfromaﬁd'as I petrg{'ﬁin progﬁct I n V\,ﬁlqﬁa

borehol  penetrates aisc'imge port ahF aRdans\VEoEPBEMALY18F Petie? 199' cal
h

production zones and i ncludes providing a casing extending from a Wel | head

to lisne the borehol g1l endRbetiddiny hedild Oborfabll weafd ALho1 WERg" deafs

- production zones and at |east two strings of tubing extending in parallel

along the interior obapdiecasi taryingnthécsisel bbctite Padsageway between the
input port and the'discharg'a“ port and means for maintaining
the size of the pas_aag_mvay‘__a‘t a selected v}alua; '

means comnected to said valve member for varying the

10 : size of said passageway; and
means remote from sa:.d valve for supplying control
signals tosaidvaryingnaamtocontmlsaidmeans and

select the size of said passageway.

3. A system for corrtrolling the flow from a gas lift

15 petrolemn production well in which a borehole penetrates at

| least two spacially separated geological productich Zones as set
forth in cla:.m 2 whlch also includes
means comectedtosaidvalvanamberforpmduclnga
signal indicative of the size of said passageway,

20 'acmm:olmtlocateaattbesurfaoefo:ge:mting
control s:.gnals and for nmﬁ.toﬁ.ng the size of the
passageway w:.tmn a valve member; and

a control cable cmcted_fxﬁm.aaid'. control unit to
| each of- said gas lift valves for coupling .contzol signals
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afirst of 'said spacially separ at ed production zones and mﬂm ”wg
Qi/tubl ng extends -into_ thezregion-off the second of sai d

“said method conprising providing a gas |lift valve connected in each one of
15 - . said. strlngs of tubing with-a first val ve being | ocated
.in the regl on of said first“production zone and a seccﬁMIAmlmmgn
located in the region of said second production zone; %’FM 186004309l e
source of pressuri.zed gas connect ed to the casing at the well head to

prOV|de a source of ndepe ntly varying
the size of the flow con?ir olcogf)leorlt ure vmt? h“ga g%lhvegfkg f%ﬁ@ gecond

gas lift valves toipgnt palsddasaP’ SRt idn 9&1%9?9' ch.of said
first and second productiion zongs 99 Pat ent ApL+'I c%ﬂ n ?E Qi
#12609/ 0439 7.  AipBi&advbOsiGRNE" Shik Nach Yalvd Wb e%,ttfol

east two

10 ! | V\hereln the flrst strlng of tubing extends into the rewn

petrol eum production well in i ch a borehol e penetrates at
speci al | y separ at etingfeol ogi cal production zones as set forth in claim6 in
whi ch each of said gas |lift valves provided 5 i ncl udes a val ve

menber having a flow input port, a flow discharge port and neans for
cotrolling the passagekoéysﬁiem' dforheoabtedlldng, thei flao ntroal aTRpABS 1 el udi ng
means capabl e of varying the size of the passageway between the input port
and petroleum production well in which a borehole penetrates at
least two spacially separated geological production zones as set
forth in claim 3 in which said control unit also includes means
for monitoring downhole pressures and which also includes:
10 _ means for generating a signal downhole indicative of

the pressure within the tubing in the region of each of

said gas lift valves; and

means for comnecting said control cable to each of

said pressure signal generating means.

15 5. A system for comtrolling the flow from a gas Lift
petroleum production well in which a borehole penetrates at
k_, least two spaciaily separated geolog:l.cal production zonee as set
forth in claim 1 in which said control means includes:
means for momtozi.ng the production flow from each of
20 said st::ings of tubing at the surface; and
. means respomivetothevolumeofpmductionﬂowfmm
each of said strings of tubing for va.tying the size of the
control apemmineachofsaidﬁrstandseco:ﬂgaslift
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the di scharge port and neans for naintaining the size of the 10-

passageway at a sel ected val ue and whi ch incl udes theum“mmﬂmmﬂ‘ﬁm

: suppl ying-control signals to said varying neans from

control said means and sel ect the size of said passagetay® 15

‘8. Amethod for controlling the flowfroma gas Iift petrol eum production
well in which a borehole penetrates at |east two speci Batentsapalisntion

geol ogi cal production zones as set forth in claim7 whPodketl §126097043s:

- producing a signal indicative of the size of said 20
-passageway at sai'd valve nenber and providing.a_control_unit |ocated at

‘the surface for genwakMeBnto B %rﬂ-@ %M‘l‘cﬁm B throyad epch of
t he passageway withjn a vaI ve . 100 Pat ent Appl i cation Docket
#12609/ 0439 couplin ng‘ﬁ R Said control unit to said val ves

on a control cable to vary the Size of the passageway and to couple said

Bars geney stze 1ndpoat s Sagthf teke' BARARENY Sk SR Fooh e B IEH 1
!s:o]atm g?f;ogggam%l%ﬁprgﬁa ﬁrg‘n%negggls&s%ﬁag %ﬁg&#al mg |t\r,1vO
whi gh said .ContlreQEtu% 858 11§ HeSTatBEeological production zones and
includes providing a casing ext:erﬂing from a wellhead to line
the horehole and extend into both of ‘said spac:l.ally separated
- production zones and at least two strings of tubing extending in
parallel along the interior of the casing from the wellhead and
10 wherein the first string of tubing extends into the region of a
first of sald spacially separated production zomes and the
second stiixxj of.tubing extends im:othe region of the second of
said pm&uction'zbnes,_ said method comprising: |
providing a gas lift valve cornected in each one of
15 said strings of tubing wd.th a first valve being located in
| the negion of said first production zone and a second valve
being located in the region of said second production zone;
pr_oviding a single _s_ou_rc__e Qf pressurized gas connected
to the casing at the wellhead to provide a source of lift
20 . gas; and N - |
independenﬂy varying the size of' the flow control
aperture within each of .said...first and second gas lift
valves to control the pmduction of well ﬁuids,fmm each
of said first and secord production zones.

99



for nmonitoring downhole pressures and which al so includes, the 10
generating a signal downhol e indicative of the H!Hﬂﬂﬂu umgm
_tbhe tubing in the region of each of said gas lift valves; c oY gt
said control cable to each of said pressure 15 si gnal _
generating nmeans. 10. A . nethod for controlling the flowfroma gas lift- -
.petrol eum production well in which a borehol e penetr afatenk: Appddcatiam
speci al | y separated geol ogi cal production zones as setDedeth#13608/6438 6 in

steps of:

whi ch said control neans incl udes:

product.ion

20 S
flow fgom gach sai trin of tubi at,-the surfagce; and
varying the size ofﬁ‘t'heaccﬁttg%? g%grmﬁ}%c ofﬂggi %’Wr%tg%dl’sfécond
gas lift val ve%ejt' Pol 1 n LGat i ket
#12609/ 0439 vol ure o?%‘grﬁﬁﬁ“l’o Qo o&ﬁpﬁ%\% ip, oE3EE R BpRabd _ s%rgle%étegf Fubi ng
to optimze thaehkevef s?&cﬁ.‘i!ﬁ'&%aﬁﬁéﬁ %ﬁgﬂ#gevf roh S S;g&gz% Hg det the

sur f ace.

11.

nmoni toring the .

A systemTtor controlling

pet rol eum prodgeitRNinRiLhisis G WRdh d8sh HIC 8aid L=RX L EAE ivaTivéd PRLA Y | head

to line the borehole andl extend into a production zone and a String of

tubbng extendi dpchbdeag & healvé embmierofhavilagCasi Fidnf riputhore) | heagh gt 0
the region of said production

10

15

20

discharge port and means for controlling the passage of fluid
therebetween, said control means including means capable of
varying the size of the passageway between the input port and
the discharge port and means for maintaining the size of the
passageway at a selected value and which includes the additional
step of:
supplying control signals to said varying means from a
remote location to control said means and select the size

of said passageway.

8. A method for corrtroiling the flow from a gas lift
‘petroleum production well in which a borehole penetrates at
least two spacially separated geclogical production zones as set
forth in claim 7 which also includes:

producing a signal indicative of the size of said
passageway at said valve member; and

providing a control unit located at the surface for
generating control signals and for monitoring the size of
the passageway within a valve member;
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zone, said system conpr i si ng: 10
connected in said string of tubing and being | ocat edUEI'ﬂD ﬂm g Bmm Sai
production zone; a source of pressurized gas connect at th

wel I'head to provide a source of |ift gas; neans for nonitoring the flow of

production flow from 15 . - said tubing at the surfage; and
nmeans responsive to the rate of productlon flow fromt i
varying the size of the flow control aperture wthin | 4f3t9

valve 'to control the production of well fluids from aai.d productlon -zone .

while 20 ' &@é?%l Anths f j#‘&@t sa(%:gﬁ;;] dgﬁ fl.ow
rate. 12. A systemfor C | '’ ng a'hé ow f#%?aé%gs pe R:I q%
production vell as sgigf Qaked No! & Bbétjmllncﬂﬁi&hté ﬁé%ﬁ
Application Docket #12609/0439 nmeans for varying the size of t

control aperture W thisBagewsy 0 Itiof lcousle Gsaiac pesesdenaP astzd Clrndiatéi\%l Iy
selecting a flow control "aperture size which produces a production flow

from the tubing whi cdignals from each valvélaembernegl sagfidbontumluenid. flow rate.
fluctuation; and neans for slowy increasing the size of the flow control a
e until the flowrate fluctuation exceeds a presel ected value. 13. A
syst®m for control9.ng #haethody fomneentyadling tthe flow from a gas lift

petroleum production well in which a borehole- pen_etrates at
least two spacially separated geological production zones as set
forth in claim 8 in which said control unit also includes means

for monitoring downbole pressures and which also includes the
10 steps of: _ |
| generating a sigml dom'hole indicative of the
pressure within the tubing in the region of each of said
gas lift valves, and _
connecting said control cablo to each of said pressure

15 signal generating means.

' 10. A method for cootmllirxg the flow from a gas lift
petroleun production well in which a- _boiahole penetrates at -
least two spacially separated geolog:l.cal production zones as set
forth in claim 6 in which said contml means includes:

20 monitoring the production flow from each of said
stringo_ of tubing at the surface; and |

va.rying the size of the control aperture in each of

sald first and second gas lift valves in response to the
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10 o pet rol em tin well as set forth in claim1l in which each

- of said gas lift valvés includes: a valve menber havi ng l , o H
keL/f'I ow di scharge port and neans for controlling the pagsﬂmmmuf Il]ﬂml |ﬁm
t herebet ween, said control neans including neans 15 ;| * ¢ " cdpabl e

. of varying the size of the passageway between.the inp o[t _.and the
.di scharge port and neans for nmintaining the size of %ﬁgﬁ a

sel ect ed val ue; neans connected to said val ve f ryi 3 43%i ze
of said passageway; and 20 means renote fromsaid val ve .
for_supplying contrwlumb0dE pro@udtiod ¥a&W BeonBéeh o QQP&TQ{E& ' dogeans
and sel ect the size of said passageway. 103 Pat ent Applicati o Docket
#12609/ 0439 14. Aubiagcto bptinmicet tisd Iflog ot rddu@iti éh Flor Eaoubh fdach
petrol eum production well as set forth in claim13 which also includes:
means connected to Wblog\atiniog otbe suwfape.oducing a 5

signal indicative of the size of said passageway; a control unit |ocated at
the surface for generating contraol signals and for nonitoring the size
of the passageway Mt hik &vstem Loxererirolitng stheorflow! framl @ gasridcted

fromsaid control uynit to 10 . said lift valve for coupling
corfrol si gnal BEEFASHE prpduction well which includes a casing extending from

a wellhead to line the borehale and extend into a production

zomandast::lgxigoftubingextexﬂingalongtheintenoroftta
casing from the wellhead into the region of said production
zone, said system comprising: '
10 | a gas 1lift valve connected in said string of tubing
and being located in the region of said production zone;
a source of pressurized gas connected to the casing at
thé wellhead to provide a source of lift gas;
| means for monitoring the flow of production flow from
15 said tubing at the surface; and
means responsive to the rate of production flow from
tﬁe tubing for varying the.size of the flow control
- aperture within said gas lift valve to control the
production of well fluids from zaid production zone while
20 .~ minimizing the fluctuations in said production flow rate.

12. A system for controlling the flow from a gas lift
petroleum production well as set forth in claim 11 in which the
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;.’

control unit to said valve to vary the size of the! passaﬁ way and to couple

sai d passageway size indicative signals fromsaid \(a“m ng'""mm“]d \""Je

~control unit. 15. A systemfor controlling the flow
petrol eum production well as set forth in claimi14 in “whi ch®sdl d *corit r ol
unit also includes neans _for.nonitoring downhole pressures and whi.ch
al so includes: neans for generatlng a signal downhol e

pressure wWithin the tubing in the region of said gas 20 Docket *12509/0439
lift valve; nmeans for connecting said control cable to said pressure signal

e 09 o mefl oA o, Wb 6B b e e 1 ROREQR° R
control aperture I:rfcﬁu%@ ve to control the productlon of
wel | fluids frorsnwég#% ffrlng ng and mnimze the 5.
fluctuations in said prodygiieOEol! PM{esial s’éectﬁ:d“’% @ﬁ,f nt

whi ¢

the flow froma gas |ift petrol eum production well i ncludes™a casing

extending froma vel | d3@adukicH | & ProBetEL a1 6w (£e6H ﬂﬂﬁuﬁr%’ﬂﬂitﬁ{ ion

zone and a string of tubing extending allong the- interior of the 1
casing fromthe well hﬁidal ﬁglit;bhlé lemofffmwd-aaémimtmoapr&ﬂ said

nmet hod conpri si ng:
meam for slowly imreasing the size of the flow
contml aperl:ure until the ﬂowrate fluctuation exceeds a

presel_ected value.

13. A system for comtrolling the flow from a gas lift
10 petroleum production wéll’ as set forth in claim 11 in which each
of said gas lift valves includes: _ o
avalvenemberhavingaﬂowinp\rtport aﬂc&
discharge port and means for cont.rolli_ng the passage of
fluid therebetween, said control means including means
15 capable of va.rying the size of the passageway between the
input port and the discharge port and means for maintaining
the size of the passageway at a selé"cted value;
‘means connected to said valve member for varying the
size of said passageway; and -
20 means remote from said valve for supplying control
signals to sa:.d varying means to control said means and

select the s:.ze of said passageway.
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providing a gas lift valve connected in said strl ng of tub| ng and bei ng

located in the region of said production zone; -
Rroviding a source of pressurized gas connect ed to t he cas‘lMIHHI“t“HI“II”HIIl
“‘wel | head to provide a source of lift gas; and rmnltorlng the f

production flow:-from said tubing at the surface;  varying the S|ze of t he

" flow control aperture withifA 20 sai d gagpabkéhdt Abgl
response to the rate of production flow fromthe tubi ngbRet @?&Eﬂ
production of well fluids from said string of tubing an nlmzet e
‘fluctuations in said production flow rate 105 Patent "Appl'i catlon Docket -

#12609/ 0439 17. A rmt hod fs;&s:temnlfm:ld:d:rm;wol.mhgc Itmg fflom frgasa |gast 14ft
petrol eum production well as set forth in claim16 in which the step of
varyi ng the si zpetsfoletm mccbmrvw.lapem%# foxkhhin clain §aswhidh alsbve

I ncl udes the steps of: 5 initially selecting a flow
control apert urM‘?@sM| ch produces a product ilon flow fromthe tubing

whi ch has a negligible value of flow rate fluctuation and_ slow y increasing
the size of the flow corfieage Sommected to said valvm,mepber fi %PFP&"#H@ af | ow

te fluctuat lected value. 18. A
rot bd for cont ol | PAEAENAPREeATND of 508 iee of dH1d esantiay;”

a control unit located at the surface for generating
control signals and for monitoring the size of the
passageway within a valve member; and

a control cable connected from said comtrol unit to

10 |  said gt valve for coupling control signals from said
control unit to said valve to vary the size of the
passageway and to couple said passageway size indicative
signals from said valve member to said cantrol unit.

15. A system for controlling the flow from a gas lift
15 petroleum production well as set forth in claim 14 in which said
control unit also includes mears for momitoring downhole
pressures ard which also includes:
means for generating a signal downhole indicative of
the pressure within the tubing in the region of said gas
20 o 1lift valve;

means for connecting said control cable to said

pressure signal generating means; and
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petrol eum production wel | as set forth in claim 16 i n which each of said
gas lift valves includes: a valve nmember having a Hﬂ“'mm I ullﬂ flow
15 - di scharge port_.and nmeans for cont ge o

fluid therebetween - ‘said control means- including méan$ capabl € of

varying the size of the passageway-between the input.- port and the di scharge
port and means for mai nt aining the size of the passageviarest Applicatdiond %
val ue; 20 . : nmeans connected to sai d Dogket #i2688/,0439
varying the size of sai d passageway; and neans renote fromsaid valve for -

) :EPEL%” tn%ecglntz(raoljfs;glngl s to. ggag varyin rrean;ﬁpg%rol S |d rreans and
L s S
passageway; generati ng c%rg'li si gnal s and nonrtor| ng g‘ﬁgucs?ize o(f t"ﬁeél'
passageway Wi thin acficont r(;’#imersﬂd asgﬁr};gr tg%g spidiggse A

connecti ng from sai nit to said %t va ve a
contgol cable for C@l%tﬁ&i%ﬁ@tirpbaﬁ%%hﬁcﬁr&”ﬂ&ﬁkﬂm

16. An\eﬂ:odforcom:rollingtheﬂowfmagaslift
petroleum production well which includes a casing extending from
a wellhead to line the borehole ani extend into a production ./
zone and a st_:ﬁ.ng_ of tuhﬂ.ng-e_x_texﬂing along the interior of the |
10 | casing from the wellhead into the region of eaid production
zone, said method comprising: R
prov:.dmg a gas lift valve connected in said str:.ng of
tubing and being located in ths region of sa:Ld production
zone; | |
15 ' | pmv:xding a son_rce of pressurized gas connected to the
casing at the wellhead to provide a source of lift gas; and
monitoring the flow of production flow from said
tubing at the surface; o
vary:.ng the size of the flow control aperture within
20 | said gas iift valve in response to the rate of production
flow from the tubing to control the production of well
fluids from sald string of tubjng and minimize the
fluctuations in said production flow rate.
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control unit to said valve to vary the size of the passagey |
sai d passageway size indicative signals fromsaid valve ne %’l“l“i 'mmn
coptrol unit. 20. A nethod for controlling, the flow froma ' i
pet rol eum production well as set forth in claim19 in which said control

unit also includes means .for. monitoring downhole- pryg ch
also’includes the additional steps of: generating a qjog . $12609) &Eh
indicative of the pressure within the tubing in the region of said gas

lift 20 val ve;connecti ng said control cable to said

pressure signal genamati g methos; fendeartirpl Ning Hhesifzew ofrdahed fda@W1g €8t I Ol
aperture within said gas |ift valve:in response to nonitored downhol e 107
Pat ent Appl i cat petrdDenk qiro@h2 6y G<4BD ger est Ufarthoinaliadnl 16 Ha phictucheon of
well fluids fromsaid string of tubing and mnimze the fluctuations in

sai d producti onsterpwf aaxying 1thel ize ofsthe flow control aperture within

said gas 1lift valve includes the steps of:

5 ' imti.ally.selecting a flow control aperture size which
produces a production flwfrcmtlmtuhingwhichhasa
negligible value of flow rate fluctuation; and

slowly increasing the size of the flow control
L aperture until the flow rate ﬂuctuationegceedsa
10 preselected value.

18. A method for controlling the flow from a gas lift
petroleum production well as set forth in claim 16 in which each
of said .gas 1lift valves inclqdes:

a valve member having a flow input port, a flow

15 'discharge port and means for controlling the passage of

.fluid therebetwaen, said control means including means

capable of varying the size of the passageway between the

\ input port and the discharge port and means for maintaining
the size of the passageway at a selected value;

20 N ieamconnectedtosaidvalvemmberforvuyingthe

‘size of said passageway; and
means reubte from said valve for supplying control
signals to said varying means to control said means and

select the size of said passageway:

106



T

Patent Application
Docket #12609/0439
10. A method for controlling the flow from a gas 1ift
petroleum production well as .setl_'_ forth in claim 18 which also
p..;:oduéing a signal indicati.ve of the size of said
S o
generating control signals and monitoring the size of
' the passageway within avalvemsmher at a control unit at
the surface, and | |
cormectim; frcm said com:rel unit to said lift valve a
control cable for coupling control signals from said
control unit to said valve to vary the size of the
passageway and to couple said passageway size indicative
signals from said valve member to s}jsia control unit.

20. A method for contmuing‘the'ﬂm from a gas lift
petroleum production well as set forth in claim 19 in which said
control unit also includes meam for m:mitoﬁ.rlg downhole
pressures and which also imludas_ the additional st:eps of:

T

Fy

20

generating a signal dmmhole indicative of the

pressure within the tubing in the region of said gas lift

valve; .

connecting said control cahle. to said pressure signal
generating means; and |

vaxying.the size of the flow com:.ml aperture within
said gas lift valve in response to monitored dovnhole
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pressure ‘E:o contml the production of well fluids from said
stnng of tuhmg and minimize the fluctuations in said

production flow rate.
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