FLOW CONTRCOL VALVE SYSTEM BACKGROUND OF THE | NVENTI ON Field of the

| nvention The invention relates to well production control systens, and
nmore particularly, to an electrically actuateng %% e system
History of the Prior Art In the operation 9%25 f%&%ﬁ%roduction
wells, it 1is necessary to provide,valves |ocated within the production
equi pnent down in a borehole for th¢ control of various functions in the
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For exanple, in the operation of a gas lift well, it is necessary
to selectively introduce the f|OM/Of hlgh pressure gas to the tubing of a
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Perlodlcal \Y xture of 0|L and water collects in the bottomof the well”
casing an of the produ0|ng formation and obstructs
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surf telflr S injection of gas into the well requires the operation of a
val ve controlling that injection gas flow known as a gas |ift val ve.
Gas |lift B ar cppyvemt petal ly normally closed restricting the

flow of injection gas fromthe casing into the

In the operation of petroleum production wells, it is
necessary to provide valves _located within +the production
equipment down in a borehole for the control of various functions
in the well,. For example, in the operatibﬁ of a gas 1lift well,
it is necessary to selectively introduce the flow of high
pressure gas to the tubing of a well in order to clear the
accumulated borehole fluids from within the Qell and allow the
flow of fluids £from the production zone of the producing
formation into the well tubing and to the surface for collection.
Periodically, a mixture 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. 1In a
“gas lift" well completion high pressure gas from an external
source is inﬁected into the well in order to lift the borehole
fluids collected in the well tubing 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 eperation of a

valve controlling that injection gas flow known as a gas lift

@
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tubing and are opened to allow the flow of inject gas in response to either
a- presel ected pressure condition or control fromthe surface.

Generally such surface controlled valves are hydraulically operated.
By controlling the flow of a hydraulic fluid fromthe surface, a poppet

val ve i sraacidiat ed das caitfwl vdierdd OwWrd clowvéntiionadlle gasrmafil yaktesedhe
valve is noved froma closed to an open position for as |ong as necessary

t o ef f ecdestthel dtiavg othehefllow t ofadnjechion wwads eframe thlesoccguisng | bnto the
instable, that is upon interruption of the hydraulic control pressure, the
gas |ifttukiine and lare opened horadlby thesflowoefi §ndectomasAiy respgmse
inherent in the use of gas_|ift _valves which are either full open or closed
i s that tfasetFRerprodeees eheebadl dnessdrs ccondibler PryuiPrEXRenffipfciher e
pghly elastic in nature due to the gpnpres ibility of tﬂﬁ gluidimand t he
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generating extrenely ?arge ang des ra tive torces wthin the production

equi pnendr oy of2Pluldf int¥at¥8Sgadl 112tPPRLvEU! arheS val veARY! MdRA from a
positioned at a point of resonance within the well conpletion(s) may have

to be replewed to Qﬁdé?eﬁoﬁobbeiﬁhstfaﬁﬁ e hengpesablecesViirye to *Efectalthe
controlled gas lift -valves are also 2 avai l able, for exanple as

ghown iflow) 6f ted ebift3ghs/, 98Suchsvajred tard heElssspgateioh timstatdsent
i Aivention, they include

that is upon interruption of the hydraulic control pressure, the
) ‘gas lift valve returns to its normally closed configuf:ation.

A difficu]_.ty inherent in the use of gas lift valves which
are either fuil open or closed is that gas lift production
completions are a closed fluid system which are highly elastic in
nature due to the compressibility of the fluids and the
frequently large depth of the wells. For - this reason, and
especially in the case of dual completion wells, the flow of
injected gas through a full open gas lift valve may produce
vibrations at a harmonic frequency of the closed system and
thereby crea.te resonant oscillations in the system generating
extremely large and destructive forces within the production
equipment. Gas lift wvalves of a particular size aperture
positioned at a point of resonance within the well completion(s)

may have to be replaced in order for the system to be operable.

_While electrically controlled gas 1lift wvalves are also
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t he di sadvantages of other gas |lift valve which are position instable and

whi ch operate based upon either full open or full closed conditions. -
Anot her application of downhole fluid control valves within a production

well is that of chemcal injection. In some wells, it becones necessary to

| nject A i, CHESE CALRahBLQ TRE DRABHAI 1k Bl der BaddAl Liddkioddie
wel | production ‘equi pnent or” the formation surroundi ng the borehole. The
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open or full closed condition does not allow precise control over the
quant i ishef atbadiveaitaded cofetotindd igas WeilFt Aralver whiph catréoparition
downhol e flow control valves is that of a dual conpletion gas |ift

oper at iiors tabke wahl. wiBycliaopengtehdased i ¢posi 2d thent Hulgasopepeow dfull
val ve the differential pressure drop across the gas |ift valve can be N
cont roldleesed copdithenyressure of the gas inside each string of tubing at
the injection valve can_be matched with the needs_of that _particul ar

formation. APRVRSEraPPLEGRELGNR: O dRHRRRI phBIE SPREXO} rELveSpar Hhin
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contr ol al ves e applications, suc I Tt val ves, .
includeyg gHBD&ormation surrounding the borehole. - The introduction of ‘w/

chemicaléfthrough a downhole valve capable'of only full open or
full closed condition does not allow precise control over the
quantity of chemicals injected into the well.

Another apflication of downhole flow control valves is that
of a dual completion.gas lift operation in a well. By varying
the orifice size of the gas 'injection. valve the differential
pressure drop across the gas lift valve can be controlled so that
the pressure of the gas inside each string of tubing at the
injection valve can be matched with the needs of that particular
formafion. However, flow control wvalves capable of only full
open or closed configurations contribute to imprecise control
over the pressure-drop.' In addition, such systems also suffer
from potential resonance due to oscillations generated by flow.
through the valvé which may necessitate tuning the system in some
fasﬁion or replacement of the valve in o:der for the system to be

operable.
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of i1nherent disadvantages. A first of these is having a single size flow
orifice in the open condition which may produce resonant oscillations
resulting in destructive effieets within the well. ##.second di sadvantage is
_that of being capable of assunming only a full open or full closed position
whi ch requires the shuttling of the valve between these two positions at

hi gh pressur e®Sanfengdanesd | Rho¥shend®Fieedrandlowar contmed vYPI¥es Sfier
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$Juids to control valves wll not allowtransm ssion of telenetry_data from

dovinhol e rERYraR1tS deliANUEbSs abed WEL S | BECAedOra¥eL $eMBEEBERS Ofithenethe
obj ecti ons of present downhole flow control valve systens, it would be

extremel wehal.pf W derdid alieadvaptaye dbs atHatnbel bevagveapablki off tBeuming
orifice size of the valve is adjustable through a range of values. This

woul d enaimley spst fabl swopgermsogasfhllit clyosedis pobidch oar ewslisbeptediliordsn the
resonant oscillation, to be detuned by adjusting the size of the orifice so
t hat 't hesqydtdiing mf | diger vedyenabetweethahlpag t¥eosipesigiiopre vl vaigh
flow control orifice allows_the spontaneous generation of oscillations in a
cl osed elPFaSEUYes) Ay FLERLES Be Fromendansy “RRE ARYcheart AR hbBEeIalypsof

ngplacin the val ve. | n, addi{i on, sgch g ¥ariab|e orifice valve mn%]dfal ow
mich gre wear requires frequent maintenance and/or replacement of the

. valves ﬁhich_ is extremely expensive. Hydraulically actuated
downhole flow control valves also include certain inherent
disadvantages as a result of their long hydraulic control lines
which result in a delay in the application of control signals to
a downhole device. In addition, the use of hydraulid fluids to
control valves will not allow transmission of telemetry data from
downhole monitors to controls at the surface. |

To overcome some of these objections of pnesenﬁ downhole

&;: flow control valve systems, it would be extremely helpful to be
able to provide a downhole valve in which the orifice size of the

valve is adjustable through a range of values. This would.enable
'systems such as gas 1lift systems which are susceptible to
resonant oscillation, to be detuned by adjusting the size of .the

orifice so that the syétem is no longer resonant. Changiné the

size of -the valve flow control orifice allows thg éponfﬁneous

- generation of oscillations in a closed elastic fluid system to be



control over the quantity and rate of injection of fluids into the well.
In particular, nore precise control over the flow of injection gas into a -

dual lift gas lift well conpletion would allow continuous. control of
the injection pressure in both strings of tubing froma common annul us.
This permits controls of production pressures and flow rates within the .

wel | s gadpeés didi prereatef fihe enecpseduyt i ofi rephachaguwethe RXadtiser In
desirabl e characteristic of a downhole flow control valve system woul d be

that ofdgd&ionen sualbidi varbablpe opidiceomadyie wavlid allowhmechsgreatasul d
be highly useful to be able to set a_flow control valve at aiparticul,ar
orificEORtFHo PERE Ther GHANLEY ¢ ABE Sake PFripdeckienyof |tieidrt iptpy
changed.to a  different  size. Position_stabili Ls referab in_the °
heencats AL contropasthiiian, Tuee hFoetes RS, OBE dater ERRVOREy W
necessary t nge.t rifige fr e sSi.z a er iQr. art es
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desirable 1 n d ow contro ve systens Is that of an accurate

Syst emghos g $O7 L0810 3w 4 Nobh! GANGAER. O 1l VSé MRl B! cBhteohle
pressures and flowrates within the production systemin order to obtain

desi r edr peodictd opar ppreseusesi tind tflowelkateBorwtthinl eghe t wellllsd a®d
advant ageous to be able to select a particular bottom hole pressure and
then coresudlt tilte moze effidice’dt produétienofromethealwelln order- to-obtain .
that selected value of bottom hole pressure. Simlarly, it would be
desirabl e t dnther desirable characteristic of a downhole flow control
valve syétem would be that of position stability of the flow -
control orifice. That is, it would be highly useful to be able
to set a flow control Qalve 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 powex
is only necessary to change the orifice from one size to another.
Prior art valves which are either open or closed, generally
return to the closed state in the absence of control power. U
Another large advantage which would be highly desirabie in
downhole flow control valve systems is that of an accurate system
for monitoring not only the orifice size of the valve but also
the 'pressures and flow rates within the production system in
order.'to obtain desired production parameters within the well.

For example, it would be advantageous to be able to select a

particular bottom hole pressure and then control the size of the -
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able to select a given flowrate and then control the size of the or|f|ce
of the valve in order to obtain and hold that partlcul ar flow rate of
production flow fromthe weki+ Such systens requirieta reliable nmeans for
bot h sendi ng data uphol e fromthe vici nity of the valve as wel | as
prfocessing that data and then actively controlling the size of the flow

. control ifiiee of the walivg i uokdae.t Qohbaidik hehdesiskad gl 8L u@Sof
nonitored by the system One inplenentation mght include an indicator
syst em battoxcoNbhg rdssvt.ng ddimd liaorltyhe sur vecd dr ehait desticakdleveto be
orifice position and downhole pressure and flow information as well as a
rel i abl ‘akdyes ttemsfedresterali gigrest giladw chvehond thesetentiok| thedsise pfethe
position of the valve. The flow control valve system of_ the present
Movent | oFlifiies pof atee wahyeolnt REderdés r@fﬁiéht%sh%]fdaﬂ%%?v@aﬁ‘éf’%ﬁ&nd

all ows the adjustment of _a variable orifice size valv means of si gnal

fromt he‘-lsq}?f a‘?ﬁj RW@P?W%%}T‘%&F\% B}Fetﬁ%&lnr i ?V‘&% gYskepf pequire
t t | al ch
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of the i n or ecfuate eS| re an es and/ or enance

those pyEt& u Oj‘J\l\éE:PgI;_I o. h S t
i nvention i1 s c?ie lb?%d‘e?% gnygAB¥ Qﬁect ric valve syst e %eﬁfseéllmél ga&g@ glﬁ
product i &ONESObheRY ! @REERles i ¥ &-dadideCUl & | WonifGrédVBPt tAB 89BREMSES

et One'implgmentation might include an indicator system for encoding
and sending data to the surface related to valve orifice position
and downhole pressure and flow information as well as a reliable
system for sending signals downhole to selectively adjust the
position of the valve.

The flow control valve system of the present invention
incorporates many of these desired features of .a valve system and
allows the adjustment 'of a variable orifice size valve by means
-of signals from the surface and then the mainteénance of that
A orifice size in a position stable configuration until additional

signals are sent to change that ofifice size. The system also
has provisions for monitoring a plurality of parameters down in
the well and then controlling the positiqn-of the valve in order
to ‘effectuate desired changes and/or maintenance in those
parameter values;

SUMMARY OF THE INVENTION

The system of the present invention is related to an
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domnhole valve capabl e of assuming a plurality of position stable variable -

size orif
upon para

ices. The valve is controlled by signals fromthe surface ba
neters of the valve, including the orifice size which can be

sed

nmoni t ored downhol e and transmtted to the surface to receiving equi pnent.
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Eﬁhné%hyﬁn thQH%ggﬁgN control valve for posltlonlng Wit hin

'~ One aspect of the invention includes a system for

controlling the flow of fluids within a flow passage such as
a borehole including a valve member having a flow input port,
a flow discharge port'and means for controlling the passage
of fluid therebetween. The control means includes 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. Means is

connected to the valve member for varying the size of the

passageway and means is located at the surface of the

borehole for supplylng control signals to the varying means

to control it and select the size of the passageway. The

means capable of varying the size of the passageway may

include a pair of rotary valve members and also a poppet
valve member.

‘In another aspect of the invention may include a
downhole flow control valve system with a flow control valve

for positioning'within_a borehole having an outer housing and

a valve chamber

;;

-

-
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within the housing which is in flow comunication wth an inlet port in
the wall of the housing along with an outlet opening fromthe housing. A
variable size orifice is IOca?ed bet ween 't he val vé¥ichanber and the
outlet opening to control flow therebetween. ~The valve includes neans
f 6r changing the size of the orifice over a continuous range of sizes from
fully clwidéd-n othel hypuspes anid cinekgyi abEéoneanguedl caitivmyriitie ani fnset
si ze changln%En ans to selectively increase or decrease the size of the

ori fi ce POTETHA drhe |V(_,%1]cf%g11'- lwafﬁisngsab%gtwﬁows%b%t%%tnapﬁ%pﬁ frem
Syetem A BEYSHBEns b (YR %V‘“{}?f% Teh GEhELEE N chofRtedsHsheen okne ©
Sona Z;,Qaﬁleﬁét.%g' ﬁelﬁe";e”‘;%% 3 EhE VBHNIRE | (Fehhar OS] AR iQﬁ;ﬁ‘;ﬁg“" |
Do NoS H e Hden 0 THE %éﬂéy C?%El%idg%ilﬂve%nﬁﬁ‘?m.oﬁ%%f% % Fidttor
- obj ect s @l AL LUSPe + NET EQhti ACEGE ERERGEBYE NPYL 8 PRGNt Buil§ E%l;gw RG

description taken in conjunction with the acconpanying draw ng in which

FI GURE 19y opkanbdnd @neWgiea®led Bé@ns NiFOSt | MY i a"@%l the V&iff@érph@tzbon
I ncl udi ng a val ve system constructed in accordance with the teachings of

t he presgrdnginvgnmeans RICGCUEEL ctbvalpl aakerdiazgr aor ofletheagbedihd cédze of
conponents of the valve systemof the present invention; FIGURE 3Ais a
parti al I'sheuorafageand Theseridiceomdthngiowy Smeans is" position stable to

maintain the size of the orifice éonstant when the driving means
- is not energized. The system includes means at the surface for
generating control signals for energizing the driving means and a
control line for connecting the control signal generating means
and . the driving means to permit selective changes in the orifice
size of the flow control valve.
BRIEF DESCRIPTION OF THE DRAWINGS
For an understanding of the present invention and for
further objects and advantages thereof, reference may now be had
&#- to .the following description taken in conjunction with the
accompanying drawing in which:

FIGURE 1 is a schematic drawing of a gas injection gas 1lift
well completion including a valve system constructed in
accordance with the teachings of the present invention;

FIGURE 2 is a block diagram of the electrical_componénts of
-the valve system of the present invention;

FIGURE 32 is a partially cut-away and cross-sectioned view
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of an electric flow control valve including a notor operated rotary val ve
constructed in accordance with one enbodi ment of the present invention; .
FIGURE 3B is a partially cut-away and cross-sectiohed view of an electric

fl ow control valve including a notor operated poppet valve constructed in
accordance with a second enbodi nent of the invention; FIGURE 3Cis a *
parti al¢y et -ebagtand cibss- sestimledvel ew ofunanudd gt B cndétow cpeHraiied

val ve including a solenoid operated rotary val ve constructed in accordance
with a rerayyevdbueneanssruckedpiasascorisanei vhthroogrembodigentyaf ithe y
cut-away and cross-sectioned viiew of an electric flow control valve

i ncl udi PEeBeRb| LRBPALHPB} at ed poppet val ve constructed in accordance with a

f th enbod] f,ot h ' tiaon; FIGURE, 3E i tially .. -

cut - avay andFERRSE. 3Bc iR aBOFEHADE Ta TIORMAITE GEPRE PREFRARRS ariew
I d , ed_r ot t ' «

Becor datRo 48 - AEEOFELE ELARTRon ey, “VREVEY BN MRS BOTREYE Sheheed ,

par ti al LyoGut - PUaY P EbAIOSRSEE L LANGE c¥raWnRl ArifdiPVa COBLEAR  \WHBE1i ment
i ncludi'ng a pressure pul se actuated plunger operated poppet val ve .

construgteghknia¢entsanse with a sixth enbodi nent of the present invention,
FIGURE 4 is a partially cut-away and cross-sectioned view of one end of a

fl ow control FY@URE i3tc|ikli agpartikaly anitiaivey nand btirosbgsectiopR@peliew
valve: gf an electric flow control valve including-a solenoid operated
rotary valve constructed in accofdance with a third embodiment of
the prese;t invention; . : : - ¥
FIGURE 3D is a partially cut-away and cross-sectioned view
of an electric flow control valve including a solenoid operated
poppet valve constructed in accordance with a fourth embodiment
of the present invention;
FIGURE 3E is a partially cut-away and cross-sectionedwvieﬁ
of a flow control valve including a  pressure pulse actuated
plunger. operated rotary valve constructed in accordance with a
fifth embodiment of the present invention; : ;J
FIGURE 3F is a partiaily cut-away and cross-sectioned view
of a flow control wvalve including a pressure pulse actuated
plunger operated poppet valve constructed in accordance with a
sixth embodiment of the present invention;
FIGURE 4 is a partially cut-away and cross-sectioned view of
one end of a flow control valve ineluding a rotary-actﬁated non-

rising stem poppet valve;



FIGURE 5 is a partially cut-away and cross-sectioned view of a rotary,

| apped, shear seal valve; FI GURES 6A, 6B and 6C show various configurations
-of orifice plates used mnthﬂhhe rotary val ve enbodiffents of the present
invention; FIGURE 7 is a cross-section view of a cam sl eeve nechani sm used
in the clutch system enbodi nent of the present valve;, FIGURE 8 is a
cross-sect i oFNGURE 3 | 112 aparblabl¥l CUENAVAYc2RBaREO8E ~SLCAE RRSK V3o dey
to the camsleeve and its relationship to the valve housings; FIGURE 9 is a
parti al 13 ¥Qfa%Vwmyl apReer BReECEPRhcH2Y VRV of a plunger: actuati on

of an coal ogr%oﬁ%ﬁ&réﬁoﬁng?ﬁé Phol, GBRLPEP pRRvASHERNLERS, o i £1E8

further enhodi f S, e P
e PREFLED ERBad vekiE LT Febp Tefi s Eév@%é‘%ﬁﬁéﬁ*?%eﬁ%&%e%
|Ilustre§ﬂ é#éf@&ﬂﬁtlc of a gas mell eqU|pped as a gas lift conpletion.
The wel | tdes’ a borehole 12 extending fromthe surface of the earth 13
whi ch i S.l i negr kB @ tubUl apredsiBectioand i &¥isaf 6o Eheevd fsshaoVh
to the produci ng geol ogical strata. The casing 14 includes perforations 15
in the ragedninfthéecpubdlicspgtainr anbolampatiiof the preserit gadwsd |iquid
from the formation into the casing lining the borehole. The producing
strat.a into WARIGUREh® bsrehokesardetihdonaviey diillesdratd nigaredldiepmivitee
rock and serves as a pressurized reservoir containing a mxture of gas, 10
means of attachment of a ey to the cam sleeve and its

- relationship to the valve housings;
- FIG&&E 9 is a partially cut-away and cross-sectioned view of
a plunger actuation mechanism; and
. PFIGURE 10 is a partially cut-away and cross-sectioned view
of an analog solenoid version of a flow control valve used in a
still furtﬁer embodiment of the system of the present invention.
DESCRIPTION. OF THE PREFERRED EMBODIMENTS
Referring first to Figure 1, there is shown an illustrative
schematic of a gas well equipped as a gas lift completion. ' The
\J well includes a borehole 12 extending from the surface of. the
| -earth 13 which is lined with a tubular casing 14 and extends from
the surface down to the producing geological strata. The casing
14 includes perforations 15 in the region of the producing strata
to permit the flow of gas and liquid from the formation into the
casing lining the borehole. The producing strata into which the
borehole and the casing -extend is formed of poroué- rock and

serves as a pressurized reservoir containing a mixture of .gas,
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oil and water. The casing 14 is preferably perforated along the region of
the borehol e containing the producing strata in area 15 in order to allow
fluid comunication between the strata and the'well. A string of tubing 16
extends axially down the casing 14. Both the tubing and the casing extend
into the borehole froma wellhead 18 | ocated at the surface above the well -

whi ch psivi dad sageert fofe tdsisig i ng 0f onajfagaia@yeﬁb%ﬁ&éaﬂaé&be the
casing 14 and cl oses the open end of the casing. The casing 14 is

connecteegionaofi hhe BOrehptk sopphieinghithle preduding ¢gardty dlighadedi 1§t
flow control valve 23 froman external source such as a conpressor (not
shown) "} mt 8x8RE &asiadd o i tewhmgnicationohatweed thea simahectamd thew
line 27 ‘through a second val ve 32. The output of the flow line 27 T
conpri ¥ %‘r ogu%FFbﬂgf pli §ubipgmibhexkendsaxdialdve d&gﬁhé«'d’%%cpa?lly_g 1?- o \
col l ection a ch_as.a sepgrator (nqot shown).  The output ow 0 e
Cubing 16 (HOGR PHSpFBRGEe; RY EhowerpaEs ProRsddnceuthe bonscke brom
both Ii guigs, oi.l ter, , and condensate, and gases and is .

di rect e%l tvg&angéej%gar ator 1vﬁﬁ%€e‘§f et Eg’t%es &C8, @ Qﬁ’élr aFPSln_‘G‘Fl%PeWhICh
l'i quid e a S ] [yt S s J.ine . for
del i vers o rees “gUERERE NP ERE iy U iy, B BERnr o R the

separ at@ds phg diur aglgedi hé QbEnSbaEAYsE I r ¥Ql or sefle
di gposa‘i‘)&%y %el | - kﬁn rgﬁ%ogts.éTﬁtnggorrpEt gff Z?éljsg%%{nﬁ ct e%o recgjli?/e14

i nf or Met & oo MR PS@S LY € af r 2NHAUCEE IO N %R 1idd .t RE R Oﬂﬂéééﬁile-f'gé@él
line 27 and pressure transducer 37 connected in the injeCtion flow lin 1 )
through a first flow control valve 23 from an external source
such as a compressor (not shown) into the casing 14. ‘ M
The tubing 16 is connected to a production flow line 27
through a second valve 32. The output of the flow line 27
comprises production fluids from the well which are connected to
a collection means such as a separator (not shown).  The output
flow of the tubing. 16 into the production flow line .27' is
generally a mixture of both liguids, .such as oil, water, ‘and
condensate, and gases and is directed to a separator which
effects the physical separation of'the.liqﬁids from the gases and \J
passes the gas into a sales 1line fér delivery into a gas
gathering system. The liquids output from the separator are
directed into a liquid storage reservoir for subsequent disposal
by well-known methods.
The computer 25 is connected to receive information from
pressure transducer 36 connected in the production flow line 27

and pressure transducer 37 connected in the injection flow line

11 | -
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22. Both the conputer 25 as mell as a downhol e val ve controller 30
connected thereto are supplied by power froma source 31 which may be AC or
DC dependi hg upon the facilti.es available. The gds lift well conpletion
itself may include either single or multiple conpletions and is shown in
Fig. 1 as a single conpletion.conprising a plurality of conventional gas

lift valyes 4éoé§ewan%%§%t & PAGRA LI £ é" Y a%%aomevtaa%neol&x%ﬂ&

conventional pac 44 | oCated just above t e per orations 15 A renpt

control FMScdhhécted VEhdbet§0a8bT HGhpdia wg}cg; Ernl B 6DUXQES 31 which
enbodi mrents of the invention, is connected into the tubing 16 just

above aqmleslselrmtoanﬂdu&epetiﬁ:.ngBupbnt hter amiid itdeisr @vagdablid.t val ve 45
.and the pressure transducer 46 are connected via a control line 47 to the
\controll er 30Thecaasl i fithewelddf acompleihdomoniteklEi nban7 imol ike eleddthéx
or pressurized or a conbination_of both. If it is electric, it my be a
two condiicRr®ke oporyhEirlengamplesiopgppad ﬁﬁoﬁé@t‘ﬂ’é’dl\m #49-a 16285 Fnpingle
stai nl ess steel  tubing outer shell The control line 47 supplies both

power arfPPREPHE ?ﬁg"%’ﬂaﬁhﬁs ingoacBhiratitye °5pé’t°é‘t"|96‘r¥l&f“at1h§ a§ad 45Y% (valysse
e contr ler 30 _as i es |nfor r.el at

operat | Hch 3t REABRCHeek 126 2P PR HRFOFFALF o ol THE PPBAEH oft =Bd &
{ransducst, | gt heneonbLgkLer o30) oBRLEH' {1 cnaXlouko Flo! eef%ratm%rn 13, shggn

a bl ock diagramo &ctrical conmponent ve system of

present ko 'QBntIBE t% f G H0es gf;e éHhEEEGcEIe&CEBO'A'c%oQﬁ%K%e Fith

i ncl udi ng the conputer e controlier 30 connected to a pair

(\)‘evmhol ev@ff@ﬁéo@tﬁbm Qﬁf a'%@le721}ﬁ¥7e@ﬁ@r.% of jEhecdgnected 1nto. the

- tubing 16 just above a pressure transducer 46. Both the remote
control gas lift valve 45 and the pressure transaueer 46 are
connected via a control line 47 to the contrOIler 30 locetea' at

" the ‘surface.  The control line 47 may be electric or pressur:.zed
or a combination of both. If it is eleetrlc, it may be a two
conductor, opolymer insulated ce.ble protected with a 6.35 puiul
stainless steel tubing outer shell. The control line 47' -suppliies
both power and operating signals to control the operatlon of the

\_/ gas lift valve 45 through the controller 30 as well as carries
information related to the operation of the gas 1ift valve and
information from the pressure transducer to the controlier 30.‘ '.

Referring next to Figure 2, there is shown a biook.diaéram
of the electrical components of the valve'eyStem of the present
‘invention. The system includes the surfe.oe el'e'c:'tronio package
including the computer 25 and the ‘controller 30 connected to a

-pair of downhole electronic packages 52'ahd”72'bywmeans'of the

- ' 12



o o AR b e Pdmat e T L Bt e s ORIV ISR, Vs

control line 47. . The control | er 30 includes a m croprocessor control unit
50. which includes neans to receive input froman operator, such as a
keyboard 53, and to display various operatiornal paraneters to the
operator at a visual display 54. The m croprocessor control unit 50 both
sends i nformati on downhol e and receives information from downhole via a i
di gi t alcongmmini thoeort hus Fheconnetredles 30oteel 8desoupl miicroprpeessom ol
line 47 through a filter 57. 'Power is supplied to the surface electronic

conponEREETIRY neBk+S 5’f° bR 1HGINAPESTORBIMTR RAFVHEe AP from an

M cr oprocessor contr unit 50 yia.the _npdem 56 dfilt may be . eit her
anal 08 °(9rer@|t@rt'al 1 i#84i fi t%ﬁybeéﬁ gi'st - ant® nta?ﬁiﬁye%ﬂPG}PHﬁ

The daCheraiaiitorB e RERRERER orfaniie éﬁg‘?— b el éhf%% S TN
Pat ent oy %l%@oﬁééce&%fbycbﬂegworm@ b ChBUANCos oY DEodBEHalcd e

downhol e communi cation portion of the present system

el ect r Riyarh N KAAR Sdo dBd&1Ch IR raltd o TBE £m S WdWRthAYPYA al rgg 31 ital
m cr oprocessor control unit 62 and a comuni cati ons nodem 63 coupled to the

cont r oledrinithidatidn t Was WBY CEbmpsttsd | @S &haicidnt hse TEBupBea&MEid Y +HeD

61 is connected to a notor drive circuit 64 which controls current to

ei t her comrtatalr y1imé od 7adthumhign a8y L etesS SO - a Powear igptsupplaicddiatoorthe
systemcontrolled by a solenoid 66. As will be further described bel ow, the
el ect rismdffagyve c ederchirondlcovecempbogniisi by haepnesepf imveawesn swyprbe S5S8.
provided in several different. enbodinents including different nmeans of (-
val ve ﬁgwqj(mat@yo%a@ oi:hg tRbgroprocessor control 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-seria1.
communications protocol conventional in the industry.  The data
separation, modulation and transmission technigues taught in U. S.
Patent No. 4,568,933, hereby incorpoxated by reference, may be
usgd in the downhole communication portion of the present system.

The downhole electronics package 52 may include a telemetry
sub 61 comprising a microprocessor control unit 62 and a
communications modem 63 coupled to the control line 47 for two-
way éommunications therewith. The telemetry sub 61 is connected
to a motor drive circuit 64 which controls current to either a
rotary motor actuation system 65 .or a linear motion actuation N
system controlled by alsblenoid 66. As will be further described
below, the electric-fiow control valve employed in the present
invention may  be provided in several different embodiments

including different means of valve actuation by means of .either *

13 ' d
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| i near or rotary drives The orlflce si ze of the vaIve may be selectlvely
controlled fromthe surface in different ways. |n one enbodi nent a control
regi ster or potentioneter itithe surface el ect roni'¢s;. package -30 nay be set
to a sel ected val ue representlng a known condition of the orifice and then
i ncrenented or decrenmented as signals are sent downhol e to increase or
decr easd.iidemrsicoe witdtre drité<e. I n other enbodinents, the flow control :
val ve may include an absol ute position indicator 67 whi ch provi des. a si gnal
i ndi cating t fiRheibest fieepsirei of dhe tealrs wayrbeigelechivell gontagildador
line 68, to the mcroprocessor 62 for comunication of that information
uphol e+ fi%Pm t¥he surface iBoAifderemti wavsy. 'InT%%esﬁﬂ%ﬁ?%ﬁﬁ@tePeGPH&QQ%;

paCEnagfe %e%”%%”é%ﬂé@t% SAebE; DS aERRr sUEIARE. (SPATF IR PRPBRAE 30
FrcquendPkdiocrshr to1d BRStRad VAT SStEflaginglE Rubih %ﬁ%ﬁi&n&e% of
uphol L, Ng.-241,30% ee:&%fznmce%%weaoa&#aaségmgmagfaé 646881 Olare

~li ne 47. In a aranmet er neasurenent: means suc

dO““h0|%éﬁé”%bﬁhﬁol@mﬁgﬂ£ﬁc£89£e5W%MﬁeéﬁwéééSQthé@%&“&@dtha Ji8 fice.
subsurface el ectroni cs package 52. The surface el ectronic control unit 30

noni t or I WlowWUh¥e RPmBHALEmMenitsl Or Rk OfL dw OrBddtr il I #al veaugey Priasclide an
transducer 46 as well as information fromthe position indicator 67

I ndi cat iatsp dIvete upositipnsihdboatdrt 2 whdwehcprovdldesr. iaf sdgnafl tim@ifdating

qutrol val ve. Val ve otiﬁice size is nonitored by the absolute.14 _
the absolute position of the valve orifice, through an indicator
v line 68, to the microprocessor 62 for communication of that
information uphole to the surface control wunit 30. ° " ‘The
subsurface electronics package 72 may include a downhole preseﬁre
transducer 46 which may take the form of a strain gaugelpreSSﬁre
transducer, connected through a signal conditioner 69['su¢h”as'an
over voltage protection and a voltage tO'frequency'conVertér 71,
for communication of +the pressure information uphole +to the
surface electronie control package 30_through the controI:line
&&; 47. . In addition, other parametex measurement_meane such as a
downhole flow rate indicator (not shown) may also be prdvided in

the subsurface electronics package 52.

The surface electronic control unit 30 monitors downhole
pressure information from the strain gauge pressure transducer 46
as well as information ‘from the position indicator 67 indibaﬁing
the current position -of the flow control orifieeiof fhé”flow

+  control valve. Valve orifiée size .is monitored by the absolute

< 14
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position indicator 67 through the m croprocessor control unit 62 and the
nodem 63 whi ch sends the encoded data via control line 47 to the surface.

In addition, the surface control electronics package 30 al so sends power
and control signals downhole via the control line 47, the nodem 63 and

m croprocessor control unit 62 to control the application of power to the -~
not or / poisdridian dindbcatorupl &hrowehc Hdifgimierorregessor chntyplf uad tof62 he
flow control valve. In eneral, _the surface_ control wunit 30_ provides

an i nt éaddhaRAH ¢HhRbeH A erdssthe neneedad (datps viag conyrer ddmdiTe,
the electrically controll. gas_lift valve 45 nd the operators of the

syst emtol'h‘éhi?or%‘f’b??‘é?’ 30 eFa'P‘él:lf’H'e ge | F?"F%?&FVec%‘?r%ﬁpﬁlieé’g:tﬁd’aéiﬂ to
t he doy e_conpo s s (DR of L g .he A
tr ansd%re}‘?lsa%_ gﬁdggg;_ F%ﬁorsngl%%%l t%é}irrr%? er ed1 fér 0 ?#e §§L\XA§RE))F§%% _rtot}e kj
SqUI PRt 14 nbe o] SRHY Giboim 1Y dhief PV Ofr Gbok £6-COBRERLN AT 67 | 7
addition, the conputer 25 may al so nonitor other we paraneters, such as

the prags %Gnifénsi%%er?ﬁﬁ@dﬂéﬂ , o NPoweNtid| 106 hAbrvel/k ot @R M S waich

as nmotor valve 23 in order to effect a coordinated well control system

rel at edifxpiot h 6dowsbel eclntying f ahe opizat iof) ehepamentice | pYyetReéalflow
several enbodi ments of the downhole flow control valve are enployed in

conj unciomkrold tvalve. present invention. They consist of two different valve
designs and three different actuator designs. Different conbinations of

actuat ors arfobvageBsrpdy b&hgsedunfans tieembroknpuaitent8d. provideso \amve..,

desi gns, 15 , o
interface between the computer 25, the transducers 46 and 67

B P I I T SO AR L o3
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downhole;“the electrically controlled gas lift valve 45, and the v
operators of the system. The controller 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 downhole control -equipment 52
will be displayed at the display 54 of the controller 30. 1In
addition, the computer 25 may alsc monitor other well parameters,
such as the pressure transducers 36 and 37, and- control other

well components such as motor valve 23 in orxder to effect a

¢

coordinated well control system relatéd to both ‘downhole and
surface operating components.

In general, several embodiments of the downhole flow cbnt.fol -
valve are employed in conjunctioh with the. present invention.
They consist of two different valve designs and three different
actuator designs. Different_combinations of actuators and valves

may be used in particular embodiments. The two valve designs

15 =



enpl oyed in the several enbodi nents include a non-rising stem poppet val ve
configuration and a rotary, |apped, shear seal valve configuration. The
‘three actuator designs enpl'gyed include a stepper #btor wth gear
reduction, a linear solenoid with a linear to rotary notion converter, such

as a w sﬁm%%ﬁah S BRIENE Lok rbat CiRodBREREE S T8N AN X indeh-0aB1 n@ngtam
piston wth a linear to rotary notion converter such as -a wire clutch

di ff er epbppet’ HahR! dBrfiIRNLSR DN dndlexi PeL&Dy) labPwedddséhéanateal valve
al ternative design consists of a solenoid operated pilot valve controlling

a Serve confilgudaad qrappetThial threeEanditwdtone dealigmss enbbdyedntinaifuddea

flow control valve of the present invention are set forth belowin

(conj unceiteppeixt hmBitgar ewi BA- IFeand HEdpAtd org. Ref bFRPAY rﬁe‘?(lteft-‘b’-q:i Jurtd 3a
re is showmn a partially cut- away and partially | ongitudinal

cross- sddmemred ke evretany f | BOELont rePnvererconSithct @8 i A aU&GFdaﬁ&&?ﬁqt1

one enbodi nent of the present invention. ve 100 co SIStS of _an

outer plddfarettdals: ZAtChAY faprRarifB, &y iﬁ%eﬁﬁlgh 98k uBBE £ pREPESR

el SR 00 I 100 o RGN R
1 S AT AR HE S ol g

e SO e gl 8, B e s o st
Ror mMuddiideon 1 AgSa Wee £08 €6ntBE108ESpEPpet PERPvES EBach of the various

embodimeﬁts of the flow control wvalve of the present inven_tion

are set_forth_below in conjunction with Figures 3A-3F and Figure

13.

Referring next to Figure 33, there is shown a partially cut-
away and partially l_ohgitudinally cross—s.elctioned vi_ew Qf_a.flow
control . Val_ve constructed in accordance with one embodiment of
_1_:_he present invention. The valve 100 consis_t_:s' of an outer

pressure resistant cylindrical hqusing 101 which includes a pair

of ‘internal chambers 102 and 103 for_'receiving operating

co_mpo_nents of thé system. A threaded bulkhead feed thr_ough

- electric housing seal 104 is located in the electrical connector.

sub at the upper end of the valve while a thread_ed fluid
connection 105 is located at the lower end of the valve for
engagement with a coupling providing fluid commur_lic.ati_on .between

the valve and the interior of the well tubing. = The .couplings

. shown are for mgunting on.,_llug_.s_ we]_.de_d_ on t_he o.qt__side of pup

. o 16
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joints, i.e. conventional type gas lift mandrels. However, the nounting
conponents of the valve could be nodified for use with side pocket

mandrel s. The control line 47 fromthe surface electronics is connected to
a portion of the downhol e el ectronics package 52A to receive control
signal g _and deljver position.inforpation signals to fhe surf ctronic ©
pac kagél 3 %s'Thle' edo’vmﬁ%f“ée-'é]glegf‘?onitg S epé’@ %aée‘aégz,&' alnsérl'e(rei" Sur nﬁ%g%ﬁ%gt e RF’ o]

an absql i 4 L di cat@r 8.7 | {1 3Kpe! MRl ¥ e L5k Hpn
pot ent ?‘8%%&?%:13&%%#%§u%’?hﬁedy\g%c%ggxge ow.e %?&e posi t(l?ronw% nd?’cgglor
67 is,g0@RePdkdto ddttasdmadt of an electric notor such as a stepper notor

105, which is in turn connected to a speed reduction gear box 106.  The -
position indimat codfroRy 2iae | A7 udkrom I aghiet iOrfee Veldcbroaics is \/
identical to that of gear box 106. The nmotor 105 may al so be a-fluid

power ectomieartdd) tad heerpertiiooin nefit she nédwhole aeléct dopboer packagegSanstem .
The stepper notor 105 is controlled by the subsurface el ectronics package
52A whinsieeivmstenirol heighghal and dinlives posiceionntrformation shovadk
the two conductor cables of control |ine 47, to the four  or five wires ,
cont r o9 rfghe hEUFEREL G AR qroPRekags. 30. ThThfptARWIARSBL ¢ sSLBRTFORLES by
- Y T B R R Ty
ot SBPet L B ke 47" SHhAB! (LG, VERIR CoTiac! (BIALL o8 DRIy
speed rp%i}&ﬂ:%héger as will be further discussed below. The position o/
indi_.cator.:” 67 is connected to the shaft of an electric motor such
as a stepper motor 105, which is in tﬁrn connected to a speed
reduction gear box 106. The position indicator 67 may also
include a reduction gear with a ratio identical to that of gear
box 106. The motor 105 may also be a fluid powered motor in
other embodiments including a fluid power driving system. The
stepper motor 105 is controlled by the subsurface electronics
paék_age 52A which translates the signals from the surface
controller 30, through the two conductor cables of control line 8
47, to the four ox five wires controlling the rotation of _the
motor _105. The motor 105 is controlled by powering selected
pairs of the four/five wires in a specific sequence. Since there -
is an ‘inherent detente _braking torqﬁue -in a permanent magnet
_stepper‘ motor, the rotation of the valve control shaft will Dbe

position stable with the motor power off.

The output drive shaft from 107 from the speed reduction -

17 =



U ON S SO P UOU S U

gear box 106 IS connected to a rece|V|ng socket 108 forned in the upper end
of arotary drive shaft 109 and held in rigid fixed driving relationship
therewi th by nmeans of a socket head set screw 111. The upper end of the
rotary drive shaft 109 is JoUrnaIed by a lowfricti-oh ball bearing 112
which is nmounted within a bearing housing 113 and resists any axial thrust
of the géattb¢®9105hésuppaneemedotntherbeanwn@ghewmhmg 103 thomeefbdiy the:
engages the lower end of the outer housing 101 and_is seal ed thereto by

means oWPRArOSandEf1a. roheribafriveashadti1109 sand| deld phRi Fﬁ-@ﬁdbyf%%s

of a retainer ring 115 which overlies a bushing 116 recejved i.nt ger
open en@rbf”-&gpo? %W&ﬂ@l%lw nefrdd el y eQ% n@ Is&ﬁg? et e
‘bearing housin Oring 118 .f

b he |
Che buSRRREWL 1R tnd 1 RBer oiRHYF SRBA: a%‘ét%eiﬁ%eﬁs?%’e RN igﬁhe .

b 117 1
orponenpehr8s: o, §bwef°‘9 EPLPRLGTT PRI RO pOUS 2 ot WO 180 B0
seal ed By +ERANS He cﬁ A gsqﬁﬁsalri%t £i3 Caﬁﬁakési‘ggst BRyMa%iRd $8ftustlNoe I HET

end of the rotary 9 Is connected to a'rotary valve plate 121

by nmeangngfrta 19%." ol TRENu %_%%r M (de €106 ap¥a¥dhyenbdding rofntEekrdéydedly
turning of the rotary sha 109, it noves upon the upper surface of a

st at i onahyagekyetpé allowk?3. eddie off athenautesm| Neupi age 1023 asd cliasnpeealado

the | ower end of the port sub 117 against a radially extendi ng shoul der 124

by nmeanthefrettioe byppesaredgef 185 @fringotldm sThel 2aldhikganingabibll| is ehgides

t\b—e | ower end of the port sub 117. A helical valve 18
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
113.. An O-ring 118 foéms 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
atmosphere chamber which is sealed by means of the several static
seals and the moving seel. -

&#f The lower end of the rotary drive shaft 109 is connected:to
a rotary valve plate 121 by meaﬁs of a spirol pin 122. As the
rotary valve 121 is rotated by turning of the rotary shaft 109,
it moves upon the upper surface of a stationary valve plate '1'23.
The stationary valve plate 123 is clamped into the lower end of
the port sub 117 against a radially extending shoulderfizélby
means of the upper edge 125 of a bottom sub 126 which threédedly

‘engages the lower end of the port sub 117. A helical wvalve

. 18
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spring 127 serves to exert a downward force agai nst the upper surface of
the rotary valve plate 121 to hold its | ower surface in tight shear-sea
engagi ng rel ationship with the upper surface of the stationary valve plate
123 to m nim ze | eakage t herebetween. The sealing action between plates 121
and 123 is a | apped w ping-type seal simlar to a floating seat type of

gat espring. 127l seavesy tof ekéhvganaddynvardt €dricleovadai wke phet Lpkslr
provi de openings to allow the flow of fluids fromoutside of the valve 100
i nt osurfiscegeferthe yroyarvdvelye pdladebdr21l 1132 hébd nbdswlower tsherfeord sub
117. Fluid flows from chanber 132 and through the apertures 134 in the
rot ekl $APRE Shaar-sealanengaeEl vdr relpbhanfbinpwithr &hel 3prer wurface
statignary valve plate 123 to_the extent that they are axially aligned with ;

one @fot Ade R EACLIQNALY e VAL s BbAtENd 1233 FOw RIWdiZgndenkags al
36 th h the_hott b 12 d t .the | 37 of th
PP ooFlghebstoga . s SRaine A Hedtih Hasat dhdnd IR TR & and
i N 4 . ffect 2 Sj he-ef f i fl
o 1 8pebRC BRI Tedaf "ihiTal (RIS EGRRIAS Shal BBl BF s the
rel %gyeeanghep@i;rraqtiac?sév}dgd;ttﬂa%o\@lw Rlidfsa £ %ﬁ/@:@'ﬁé&ﬁm 131

rotate between"60 and rees. ingoing fromfull closed to full open

depepgbR@aePdpdling e ravioh | OMe POL6G Bet weanas F3dm3 JutslitrR ¥ ene

pl ates. As can be seen, rotation of the stepper notor 105 turns the output

shaf ¥al@é ofio0heigear tlesluanel¥lly kelahdrilkealr othaybekafl 132 108 rmedl s

thereby turn the rotary valve 121 which is 19 . o/
within the port sub 11i7. Fluid flows from chamber 132 and

through ﬁhe apertures 134 in the rotary valve plate 121 and the ¥
corresponding aperturés 135 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 axial passageway
136 through the bottom sub 126 and out the lower end 137 of the
flow control wvalve 100.

As will be further discussed below, the shape and size of
the flow ports 134 and 135 affects the size of the -effective flow
orifice of the valve as well as the relationship of orifice size v
versus the relative angle of rotation of the valve plates. The
valve plate will rotate between 60 and 180 degrees. ingoing from
full closed to full open depending upon the number of flow ports
between 1 and 3 in the valve plates.

As can be seen, rotation of the stepper motor 105 turns the
output shaft 107 of the gear reducer 106 to ro?atq the rotary

shaft 109 and .thereby turn the rotary valve 121 which -is
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connected to the lower end of the shaft. The degree to which flow ports
134 in the rotary valve plate 121 and flow ports 135 in the stationary
valve plate 123 are aligned.w:th one another deternisnes the degree to which
fluids entering the valve 160t hrough the flow i ntake ports 131 can pass

t hrough the ports 134 and 135, along the passageway 136 and out the |ower
end 137 cobhnelesed o cther dlowext venrd TRE rdiaat $BALTHS  t TR 0EBETEE5 48 sBBiERns

the rotary shaft position indicator 167 which provides rqtary position
i ndi cat £30% RIS 134 oliBh thRe XataRY oHcEe Eﬁdlgﬁea gn&ﬁﬁdn99E3%71?3

he surf I Al K 30, i pdi ' h I ) ' .
o 1 6 ot S BEBPRRGE. (YA YnBheTho 120 1o shi PS8 i N Penother
fl I 0t I 12 : 1N ,
eener gRAGRFEMS Lt ShRc Sobtar 15 RafE, THidy SAEeTARR JEnerThIve nioO

valve PLALSS AP IADdedsd | RoREPLBLRESHEI0RAS st thiugh hole Nobees hebh

orifice pos ns an e slze o ective orifice flowwhich is all owe

through gfsem 381t i by bugt hele r;s)s@sangéw; 156 SnRPRAUL MBhET 1&ABrCchayes3t het
orifice size. Referring next to Figure 3B, there is shown a second

enbodi myte &fidwaditweX oriIvé. valhe pdtaticopnresethe i notoati bO5Walsb thsos
enpl oys a notor as a driving neans but includes a non- rising stem poppet
val ve, naicherothay ashafiar posdltion asndieaterudl6’ | ehichnbugdvigashamotary
As shown in Figure 3B, the flow control valve 140 includes an outer housing
101 havipepididn chudticabiiphi s gr@d satthrauglppthe cpyerkrondmeciP3s 2pdeithed

tthe control |ine 47. The line 47 enters through a bul khead_feed &hrou%h
20" control line 47 to the surface electronics package 30 indicating

P the actu;l rotational position of the motor 105 and hence the
correlated size of the effective flow orifice in the valve plates
121 and 123.. As can also be seen, deenergizing the stepper motor
105 causes the flow openings through the valve plates 121 and 123
to remain position stable, i.e., they hold their orifice
positions and the size of effective orifice flow which is allowed
through them. until further rotation of the stepper motor 105
changes the orifice size.

;ﬁ{ Referring hext to Figure 3B, there is shown a second
embodiment of the flow control valve of the present. invention
which also employs a motor as a driving means but includes a non-
rising stem poppet valve, rather than -a rotary valve, 'as the
actual flow control mechanism. As shown in Figure 3B, the flow
control valve 140 includes an outer housing 101 having a threaded
coupling 104 at the uﬁper end intc which.is receiyed'the.GOntrol

line 47. The line 47 enters through a bulkhead feed through

s - 20
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el ectrical housing seal into the electrical connector sub 150. Wthin the

housing 101 is contained a pair of instrunent cavities 102 and 103 which

houses part of the downhole el ectronic sub 52B. The downhol e control

el ectronics 52B are connected to a rotary absolute position indicator 67

which is connected to a stepper notor 105. The shaft .of the notor 105 is

connetlegtrd cple RONFINDf SLRE  pPodt i SRei diactiicady, ceprpacherasmit t15Qurn
es a direct indicatjon of

t FLGP%EEF@%S%%? ﬁeﬁ%%fg?h@il%éﬁéﬁ%@%’a%% %%érwdva;mt StATRELSe
ics .3  r api 2B j
a7 HRE BR GO HAE R P RS STt SRR SRR S path

DRI A I PO AT VL 81920 W I T 5y S0 PSS T MWL Y DA O MY Pt S i

d ' . i i | ed :
CockornBo ity cQRrbY’ ool (528, Mie° hdiedted B, B LBufey o

d j 1S3 h dii 1
reducghgseialle J&Jsi@l&&ugha%seo& &7 OfRd ¥ndikVeSidde et téyr%g%ﬁa

socket head set” screw 111. The rotary drive shaft 141 is jou

pr evepbedx nem. axiTle rewLerENd£ byhaeabtoe! 105l AW fdomidciedatd Eraréngrd12
which is received into a bearing housing 113. The upper end of the

beari og hnu5ipmpﬁﬂfbmsinﬂieaﬁedl97engaghdam131ﬁdktﬂ{nurnépmteﬁtibmeb@ﬁsfng

101 and sealed thereto by means of an Oring 114. The ball bearing 112 is
hel d e pihede tlye neadibcaton atwavmaeprpingesls a@ddesthusidimptiien wiif chhes
received into the upper_end of a port sub 151. The upper end of the port

sub 15Ptagt masdddday afhddifedatnn 10k whigh tekpraterrd tearthe sensang 13

and seal ed thereto_by neans of an Oring 119. The rotary shaft 141 js

seal e&lﬁftﬁ@&’r’rsfsof 38n EbreHghiiBhanded sleqlineAf SBoughrd21the

control line 47. The output shaft of the stepper motor 105 is
connected to a speed reduction gear box 106, the oﬁtput shaft of
which 107 is coupled to a socket 108 located in the upper end of
a rotary drive shaft 141. The speed reducer shaft 107 ié coupled
to the rotary drive shaft 141 by means of a socket head set screw’
111, The rotary drive shaft 141 is journaled and prevented from
axial movement by means of a low friction ball bearing 112 which
is received into a bearing housing 113. The 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 ﬁhe upper end of a
port sub 151, The upper end of the port sub 151 is threadedly
engaged iato the lowér-end of the bearing housing 113 and sealed
thereto_by means of an O-ring 119. The rotary shafﬁ 141 is

sealed by means of an O-ring 118 and extends axially down through
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the port sub 151. The shaft 141 includes external threads 152 fornmed on
the | ower end thereof which are in threaded engagement with the internal
-threads of a drive insert: 153 axially positified within and affixed
to a non-rising. poppet valve 'shaft 154. The |ower end of the poppet valve
154 has oppet head 142 af{jxed.there . sl X LN 4the
axi al di ctggﬁéaﬁgilfaé pe&%ﬁhé&%ﬁ% i é va %éﬁ§ﬁﬁ%§ﬁééggﬁd£§%§§8§s’53
pin 145 | h g l.che r up, 1 '

51 o 154 BARAoh FAUOIGEE SrdCiildrade WA AP xS Pn; Phreadbh, Briehtucay
sub 151.,ikie | eMer endethaline tiiclaasub o0l 4 hr@aged! yiasgages 1Be W ignd
of a bottom sub 126, the upper "edges of which nount a poppet val ve seat
144, HesOtienkdr wetdienohnthaffdaledl4d is noméiising poppeteivad viehehafiter
\neri pheral surface of the poppet head 142 attached to the |ower end of the
poppet vi84.e shiaétldbdrtendoofnh theecpbppetr vbdvecdhd hake avpoppetodeadt 14
poppet head 142 is shaped to provide a selected |inear noverment versus flow
area relaffioxedi phekesogh thekewnl sbobpdbat iexrandiigelin the pxlel digediame
port sub 151 contains a pluralit¥lof orthogonal | y | ocated flow intake ports
131 f or rkPR%r Bhghrerd pbary ofatiheofvaliye \Fgﬁl%t-h i AR aRBIRAPEL BaPan 145

d te | | | i [ [ 143 in fl ' [ '
T ok TER A S AEARSRL B e Sl BT
t t I h 142 | d_f th I 4
1, POPREha BhE DERE. 1yahySPERE oRLA NPuRPEP B KR Vs £CBoh ot il

ow Inta
ROt 131y {160 2PRY! BbrE2YlbY 1543, the 22 -

The'lowe; end of the port sub 151 threadedly engages the

upper end of a bottom sub 126, the upper edges of which mount a

~ poppet valve seat 144. The circular edge of the seat 144 is
configuredlto reqeive the outer peripheral surface of.the poppet

) head 142 attache@ to the lower end of the poppet valve shaft 154
to férm a seal therebetween. The valve nose 60f the poppet head
142 is shaped to prpvide a selected linear movement versus flow
.area relationship through the valve operating range.  The lower
~edge of the port sub 151 contains a plurality of orthogonally
located flow intake ports 131 formed through the outer wall of
fhe valve housing_land which are connected to .a generally
cylindrical: cayity i43 in flow communication with an axial
passageway-146 leading_to the outlet end of the valve 147. -'When
the poppet valve head 142 is spaced from the poppset valve seat
144,_ flow of fluid can occur from ~the outsidg of_'the valve

through the flow intake port 131, the annular cavity ‘143, the
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flow passageway 146 and out the |l ower end 147 of the val ve. Rotation of the
rotary drive shaft 141 in one direction causes the threaded engagenent -
bet ween the | ower end 152 of the shaft 141 and the internal ‘drive threads -
153 of the poppet valve shaft 154 to rotate wth respect to one

anot her. This relative rotation noves the valve shaft 154 downwardly to
cause tfhewpoppesageatray hbétl A t outonche| doeext cehde MA vefsddie 144l ve.
restricting the flow of fluids therebetween. Conti nued novenent. of

t he poﬁp@ﬁ%mr\/@ﬁeﬁé}%@mmﬁrew sdafit sl4h in ongaglineetioni caeuses

edges of the seé 144 to forma seal therebetween and stog all flow between
r

the f1'6RS ntkea %ﬁte?@fﬂ%ﬂ?ﬂﬁu?%&ﬁ%%noEPFeQQﬂﬁ” engd 15 I%F'?B?aﬁpéﬁtof'
th d haff 141 t |
hoad 1437, JEng \Bpbedity ArutS, SRERRAST 1 [, Oy (PePet FALSBLFbatt s
Posi ti qii,ng toherBQQQ%t g:?k‘)lﬂ . 4.@3§§e$éz 8 a né NEIBU At e PRs)s tts' OQeWaItEve

respect tO e val've se Ses ares rrction 1nthe

pr opor wo@a&%ﬁ holiss e ey e Yesia e 32l aswﬂﬁaéa%g%anéah@e ﬁtsvgo?g%tt

Thus, the rotational position of the drive shaft 141 is

r el at edralird Needd OWaLORIY Won¥ | ¢16£cPetvehel RRIRRPIASat o4 143s2Rd e
val ve seal 144. In the operation of the poppet valve mechanics of Fig. 3B

t here ithenofdiowpl fenFNiids tilessEticarl ve Obnsindednimovemont f t ithe
actuation chanber. This reduces the operating forces for the valve to

t hose afopged tviad vier i berdn b42 onowiwdrndlgealres@@tsheifr ikt i engdginge the .
threads and the key pin and slot; (c) the forces to seal and unseal the 1/
val ve; Oé-rﬁfl{lcﬂrtﬁégﬁﬁowﬁ rtkei spator .t@3form a seal therebetween and:

stop all flow between the flow intake port 131 and the valve ~
outlet 147. Similarly, rotation of the rotary drive shaft 141 in
the opposite direction moves the poppet valve head 142 in the
upward direction to open the flow orxifice of the valve.
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
thé valve seat 144. Thus, the rotational position of the drive
shaft 141 is directly related to the flow control orifice between ;J
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 stem into or out
of the actuation chamber. This reducés'fhe'operating forces for
thé valve to those of: (a) the friction of one shaft seal; (b)the
friction of the threads and the key pin and slot; (¢) fhe forces

to seal and unseal the valve; and (d) the flow friction forces? N
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The poppet valve is p05|t|on stabl e W|th no |nherent tendency of the valve.
orifice to change positions wthout powered rotation of the stepper notor
105. In the fully closed position, the valve seat#“for a | ow | eak
condition. If desired the val've can al so be prow ded with a resil | ent seat
for inproved seal, I.on ﬂfm el ect r{__ naI S

by thelg aﬁ%?&?ﬁt?%*?%r1%299ﬁé%g8ﬁtﬁ&a H%\ 3§{65 ses %3%ro

t
e opper S ST SR A1e ¥ e fad SGLLEI0AS WERMOR:Cipera! %ge%ﬁi‘ we
Lg;ﬂgl %g;ﬁéf 1Es| c;g% er FAbRLKON 0¥, tNen SBREL flfﬂyc‘%‘i 14306&1%5&?11' nchéevhhow

etween the exterior of the“val ve and the | ower end

147 therRpfes fohe NSwiioael coReition. | ntEcaboirbd thecoanest ednt alkbebe

ft of the stepper nmotor 105 through a reduction gear and hence.its
out put FHrWAd il &5 Peydl Lenths 68t c8orbempiroest| yeabingl ated. to the
degree of flow being allowed through the flow control valve. As can also
be seen, the Asiteanupti eeeaf, aHe qurodumtifdrovwf celdetsiepbesigpabes bP5the
results in the relative positions ‘between the poppet valve head 142 and the
poppet \sainfaceacostitolieui Kimdgthdecontpol HEMGe41rﬂﬁﬂﬁ@§veherpﬁpéé°t1°n
remains in a position stable conf%guratlon until_the application of

additiorefi eonteel twignelst &g Kpeodonrhals c%ﬂ@%r?ﬂ’ec?l é\ﬁ%oﬁ?rb’lause
positions of the relative Earts of the v$ g Ref er ﬁeﬁ%} Lgure
f ot 8 tr

3C, thefkatiorngin the shPPRSENiRFAENd Oor (FRE3Y © EPoReOf R
REesent Loyenlion8nigl Bl O¥Re’ 2bRhYy’ bANEEOT4O KBLUR1RLALES £1dS s e
. 147 causée a. change in the flow control orifice between. the
exterior of the valve 140 and the lower end 147 thereof.. :.The

ro___tational position indicator 67 is connected to the shaft of the
. gtepper motor 105 through a reduction gear and hence its: output
always indiqates a value which can be directly correlated to the
-degree of flow being allowed through the flow control valve. ' As
can also be seen, the interruption of all current flow to ‘the
stepper motor 105 results in the relative positions between. the
poppet valve head 142 and the poppet valve_seat_144.remaining:the
same. Hence the valve orifice remains in a position stable
config_uratioh until the application of additional current to the
stepper motor 105 to change_the flow control positions: of ‘the
relative parts of the valve.
geferring -next to Figure 3C,f_there1-is shown a third
embodiment of the flow.eontrol valve of the present invention

- _ whiqh employs rotary flow control valve plates, as in the case of
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the first enbodi nent, but V\:hl ch uses a axi al I y nmovi ng sol enoi d armature.to
provi de the actuatlon nmeans for rotating the valve. This is acconplished by
means of a linear to rotary translation conversion nechanismwthin the

val ve body which converts the Iinear novenents of the solenoid armature
into rotary novenents of the valve. As shown in Figure 3C, the valve 160

i ncl udéhea Butrkheambodddentt: ougpt ewbichi aisiesust ngxd adlyt sraatiingy petengddof
the control I|ine 47 into an electrical connector sub 161. The

el ect r BRItk oPToyhdes Lhfh Af CuatHRINRBRBS o £ r%%%c%evaSYE in

102 which h hql I
Lol e SRR e S LB TR
te th he.d h | ect | d |
o SRR, sl IRIVLR S R o SRR 67
controly 4hot& éH{E’éC %ﬁe te té‘@léﬂé{écﬁrﬁg'ﬂh%” gzbéﬁ‘a”'rfuﬁ&@@ﬁae ts

p05|t|on theoval ectrical connector I's ‘connect e
t he valgge g}gjs‘;gygvéOl and -seal ed thereto by nmeans of an Oring 162.
Wthin the housing 101 is a valvé position indicator 163 which is connected

to an indi cgeor shbaht iH4rigurbe 3a)di eaéOvaIRARS t 1464 int1&dRBECH eBul RhbhE
I ndi cator 163 by neans of an indicator coupler 165 held in place through a

set scriwed 6G&hridwyh ndileaitari d 6hdusipacedallr otvanalipper pagrid c ofndtheece
170 by neans of a pair of .spacers 171 and 172. Spaced between the upper
nmagnet icomodi ddenel 7@ 7andngol carr efmpiaticalen@opnecdok73sib alfhgnet The
Cente”%fiﬁ%éﬁfél A;ggﬁécgg30|s&55 ?gf mggggt;he;eogogghg§e electronics bt
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 wvalve. The dowrnhole
electronics 52C .also sends signals from a position 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 connector sub 160 is connected to
the valve housing 101 and sealed thereto by means of an O-ring
162. Within the housing 101 is a valve 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 between the upper

magnetic end piece 170 and a lower magnetic end piece 173 is a

magnetic centerpiece 174.. A coil spool 175 has wound thereon an
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upper coil 176 and positioned between the upper end piece 170 and the
magnetic centerpiece 174 and a |lower coil 177 positioned between the
| ower nagnetic end piece 173 -and the magnetic#¢énterpi ece 174. A
noveabl e sol enoid armature :iconprises an axially noveable core nipple 178
which is attached to the | ower end of a magnetic core 179. The sol enoid
housi ng URPReF scoh} chdbdrPdarpaikéaned Ratyerar that ehdechessi mj k80 B and
seal ed thereto by means of an O ring_181. The |ower end of the core.nipple
178 i s tHheadaf@ipthe aCRFerPiese ’ugf)ér al 8f LOW¥ein Soddvel 182 Rafd tHepred
agai nst Jymoyvenent means of a_clapp nut_183.., The.jndicator rod 164 . |
ext ends 2STEPFY dggﬂ tﬂ?ﬁﬁﬁh Tﬂ%n%g$8 n? P |épﬁﬁ%ean%?$s 4n>&ﬂftc9§9?ﬁ¥&ﬁ
ext ensi o Jhe_st ext ensi i.nc fapal axial ly_spaced,
iy cunt crenEezpoBel ERCT CH Bovkiby s sHEE R Rinbull; RodpaPISEC on

axi al nva:@fsm%oiao%a@ﬂe cgo:.dér)\;\gip j’ras 1587 whlilth ]Eifb;eét’@é‘ghé’é £BE HeM ower

extension 184 has a circular 1'al Iy extend ng nge 188 which 1 ncludes a

~downwar déyafaei admaghetiedgerrontyigon 189 with radially ext endi ng- teeth
—formed thereon. An upper clutch sleeve 190 includes an el ongate tubular

shaft whi ch i ®heosblened dupmudiiey S1em £xt EnseadedB¢ AGtabhbkd! itée a1 Vst
in both circunferential directions. The upper end of the upper clutch
sl eeve #&Bchehchodsing 480candubanaledadhelretoebye meiang fdfarge -9 ndni T,
has an upwardly facing outer edge portion 192 with radially extending teeth
t her eon. The \Vigweheenddpsl thect¢ore nhpplewividr disy threadedlye agdeached 189

qi;the stem extension flange edge 188 en?age the radial teeth in.the 26
1 the upper end of a cam sleeve 182 and held against‘ movement by

means of.’-a clamp nut 183. The indicator rod 164 extends 'axiélly
down through the core nipple 178 and is affixed to a stem
extension 18_4. The stem extension 184 includes a pair of aXially
spaced, circumferentially extending recesses 185 and 186 v?hich
receive and alllow axial movement of a pair of dowel pins 18"7".'
The upper end of the stem extension 184 ‘has a circular
radially extending flange 188 which includes a downwardlir' facing
outer edge portion 189 with radially 'extending- teeth formed
thereon. An upper clutch sleeve 190 includes an elongate tﬁbular
shaft whic_h is journaled upon the stem extehsion 184 for relative
movement in both circumferential directions. - The upper".e'nd' of
the upper clutch sleeve 190 includes  a c¢circular’ 'ra'diailly
extending flange 191 which has an upwardly faéing outer ‘edge
portion 192 with radially extending-te‘éth ‘thereon. When the
radial teeth in the downwardly facing edge portion 189”6f1the

stem extension .flange edge 188 engage the radial teeth in the
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upwardly facing edge portion 192 of the upper clutch sleeve flange 191
the two parts nove together as a wunit 1in the circunferential

di rect’i on. The opposed sets of radial teeth formed in the clutch

pl ates are preferably each formed with the angle of the teeth approxi mating
the camangle to prevent camm ng apart of the teeth during operation. Wen
t he twpsetdlef facind tedgch @retdmaceldfr ovf orecanopper t bbutipbersXkéeteh
sl eeve 190 noves freely about the stem extension shaft in both

ci rcunflangei al 9i rtbei obwo Apartient moue | bogethent cass|@eveniib3 has the

el ongate tubul ar shaft which is journal ed upon the | ower portion_of. the

st em Rt ERUREAreBEipd, diregtiRrnovendiie | PPPRR A cEPLENf Rt exRAdpl teeth

di rections. T o) en of the lower cJutch s|eeve 93.i-cludes;é
i1 oo E5TRan; 3 JEhe SFBERE BLatas ARF RTEroREEL Y BaRhuE PPt JE TG BOF or e
edge portion 195 w th' radially extendi ng,teeth thereon. The |ower_ end of .
ThassPRhehg of cpK' kR abrrbed ML FiE G Al o, P o RS
hel d i u a t e : et 7 oNer f

el d | BpRFEUEE ERGPUSERA LRI ot WML g Hlfed QB rfRfaf
longi t 4Bl =MDt spBéedhi Glom SoRBEMHtHdIe LR¥E Kt t @108ERI KA ddie dPYE!

pin 168. The upper end of the stem 196 has a circular radially extending
shoul dgbvid8 WEiradelycl adrfutin YReAr d YehaClekdt et £6nedghaPEt i @h 199%¢ht h
radi ally extending teeth. = Wen the angularly fornmed radial teeth of the
upwar dey réanfegeatdelpditertilds.of the stem shoul der 198 engage the

angul arly formed radial teeth in the downwardly facing edge portion 195 of
the | ower 2&n identical lower clutch sleeve 193 has an elongate tubular

shaft wﬁich is Jjournaled upon the lower portion of the stem
extension 184 for relative movement in both circumferéntial
directions.. The lower end of the lower clutch sleeve 193
includes a circular radially extending flange 194 which héé a
downwardly facing outer edge portion 195 with'radially.éxtending
teeth thereon. The lower end of the stem extension is threadedly
coupled to the upper end of a stem 196 and held in seéﬁre
engagement therewith by a set screw 197. The lower end of fhe
cam sleeve 182 overlies most of the stem 196 and includes a
loﬁgitudinal_slot 167 which is open at the lower end to receive
the dowel pin 168. The upper end of the stem 196 has a circular
radially extending shoulder 198 which includes an upwardly faéing
outer edge portion 199 with radially extehding teeth. When the
angularly formed radialiﬁeeth of the upwardly facingpédge portion
199 of the stem shoulder 198 engage the angularly forﬁed'raaiai

teeth in the downwardly facing edge portion 195 of the lower
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clutch sleeve flange 194 the two parts, along with the stem extension
184, nove together in the circunferential direction. Wen the two sets of
‘radial teeth are spaced fromtone another, the |owé# clutch sleeves 193
_noves freely about the. st em extension shaft in.both circunferential

di t ly | ed the outer surface of the
t:J[)ﬁfalr oghlgﬁ(%/er 33?“&# £ﬁgs%§@/e ‘?{80 %ﬁ%ts'aga&ﬁ’ﬁ@r u@h’ﬂ hdrkhs 26tem

t I d d 203 d d 20 | yd
Gonel pi&3 @2%8.% Avs | Sgoek %‘rannapﬁ REsTiLy r*%‘ii}lex%akgf B ot

204 in tvh—?erQaEhél RINF §8¢s  dle LRt Mzggecgg,a%%ﬁs ?roqw%% £8 °J"'§‘§rdl y

whi ch ext ends t hrough an aperture |n t he upper chsleeve

igzneCt'ﬁﬁetfﬁﬁﬁ&ttfbfﬁ@bhntélég€eﬁpp?§3reﬁ855518§réal§heaﬁbﬁ€‘efhgps'%@m

The | ower end drum 203 includes a dowel pin 205 which is receive

into a certerdiownghafeli Mal byctexéepdungeskati206ai PebBeonam sl eeve 182, A
helical clutch spring with Ieft hand w ndi ngs 207 overlies and engages the

cylindrical cwerlgimgacesdofjdotiialéd upper ethe drouted)] santdde Wipekhe
portion of the center drum 202. A sinilar helical cl utch spring with right
hand wi rfetiiyap08hafsr 9% sthad upnpigesluhehc gllicede ch90 oarer ssurappes end
both the | ower end drum 203 and the | ower portion of the center drum 202.
Overlyi r?gru’%m%‘nq ofir RARERT dpyR 207 ansyterlower ferd dpam 203. t uBhleampplear t

of the r cl ut sl,ee e 193 are an er _end drum 209, a center drum 210
and a | %ﬁ‘d d%g “dﬁﬁe %p‘%‘é‘f’e%nggﬁr BR01 o iiche [ificceeetvRd| ipt 2m

WQLCh'Eiﬂpéflxgggi%uainaily extending slot 204 in the cam sleeve 182.
’ ?he centér drum 202 includes a dowel pin 187 which extends
thiough an aperture in the upper clutch sleeve 190 to rigidly
connect it therewith and into the upper recess 185 in the stem
gxtensiop_184. The lower end drum 203 includes a dowel pin 205
which is received into a central longitudinally extending slot
296 in the cam sleeveJ1825 A helical clutch spring with left
hand windings 207_ overlies and engages the cylindrical outer
surfaces of both the_upperhend drum 201 and the upper portion of
the center drum 202. A similar helical clutch spring with right
hand windings 208 overlies and engages the cylindridal ‘outer
surfaces of both the lower end drum 203 and the lower portion of
the center drum 202. |
Qverlying and jou;naled upon the outer surface of the
tubular shaft of the lower clutch sleeve. 193 are an upper end
drum 209, a center:drﬁm.ZIO and a lower end drum 211. The upper

end drum 109 includes a dowel pin 212 which is received into the
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central Iongltudlnally extendlng slot 206 in the cam sl eeve 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 | ower recess 186 in the stemextension 184. The | ower end drum 203

i ncludes a dowel pin 213 which is received into a | ower | ongi tudi nal I'y '
ext endidyg sdt %u@l*h&bﬁafﬁw ekeBYAI h82s10tA2RR iGRlcHd W& SPEEVE W?

| eft hand w ndi ngs 215 overli1es and engages the cylindrical outer surfaces

of bot IrHehe cepter eaguar Ul @0% weludde WPPabwRR! tpOm afg 7t h@ht ekt eéxdéﬂ&h

210. A simlar helical clutch spring wwth a right hand w nding 216

over | i ‘dshrowylengagepartinumny | indriheal 1oweer cdwtichc esl @évé ha 930vies ehgidiym

211 and the | ower portion of the center drum 210. A helical coil .spring 217

i s comsannaat bbtwidenend thadand | §nbet &hei dpwemnmecesndl86 te theestend s
drum 203 and the radially extending flanged end of the upper end drum 209. i
The bi &K4RPSIATE1E- spg%ﬁg 1oWer $Rd @ﬁ%mdBQéllﬁpﬁugﬁﬁ|Q149ﬂ?%ukkﬁ ghd of

;L"Lpégfiug% {9 cpEatdedoanits & st I EiaS %ﬁx‘itﬁm “Hothaid’
89

S| i B8 8ol 45 ST 8890 B0 i*%%licf% ﬁ%ﬂaé RREXhEIM:Sh ‘Bt | haph,

| ower ‘%b fn gsé 1316v39§1}e téh#{bélé;gu!? 1%;@@&@1 Oauwf Qu&»@ﬁcsgge

ortion | ower ¢ slee |V|n engagenent
p

Leeth qfe t BLHPNGRe Supkdte @ﬁat okt 209 CqRA PR Uppkdd PbrtbEnsiomm 86

Downward nmovenent of dowel pin 200 will disengage the upper sets QJ
center drum 210. A similar helical clutch spring with a right

hand winding 216 overlies and engages the c¢ylindrical outer
surfaces of the lower end -drum 211 and the lower portion of the
center drum 210.

A helical coil spring 217 is compressed between the radially
extending flanged end of the lower end drum 203 and the fadiaily
extending flanged end of the upper end drum 209. The 'bias'ing'
fopce of spring 217 holds the dowel pin 200 in the upper_énd of
slot 204 and the teeth on the upper surface of the outer édge ,
portion 192 of upper clutch sleeve 190 in driﬁing'engagement with .;‘
the teeth on the lower surface of the outer edge portibn 189 of
stem extension 184. Similarly, the biasing 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 portion 195 of the
lower clutch sleeve 193 in driving engagement with the teeth on
the upper surface of the outer edge portion 199 of the stem 196.

Downward movement of dowel pin 200 will disengage the upper'sets
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of teeth on edge portions 192 and 189 while |eaving the l.ower sets of
teeth on edge portions 195 and 199 in driving engagement wi th one another.
Simlarly, upward novenent eof:-dowel pin 213 will digengage the | ower sets
of teeth on edge portions 195 and 199 while |eaving the upper sets of teeth
orr edge portions 192 and 189-in driving engagenent *with one anot her.

Ref erri ngf birieefthy ¢m EBdge Hoiticsws caAlR2berskeh8fowhiile dernwlmpvehé82A ower
overlies and encloses the spring and clutch mechani sns descri bed above.

The uppesets opf2tgeth ome efge pantions2l $hi andr 88 §as dririagwengsgensoo:

I s angl ed downwardly and to the left while the |ower slot 214 in_the cam

sl eeve 18PtHnPgR rARARAS dofidimigiarlzn PRWARE &QVesRRtdIQf Aeved phe 213
right. The central slot 206 in the cam gl eeve 182 which receives I
hLoo 20svhit” S5 eBepBRAS R LOVRF BECEnoY GARG dihaPigs: DOSELPRE. d45ne
182. At atively,. the stroke | ength of. t he.cam sleeve 182 adj d
Dy screwt RY. PRETELASAT 1Y o Ch8s YR AREOUBToLOeRE [ caude | ROFRa oSy T2
the cam g} geygg aﬁQ{L]OQn hgngtgégfh%nlte@?ttlﬂ Ohel ARctHY,S! eeve 182 in one

di-rection over the other cChan e relative distance of angular relation

in one direct jgReP¥ehgt 1SS ﬁBrﬁf%iOW,O%H%¥¥1éﬁﬂcﬁ@-SeghtB%&(ﬂhérﬁﬁﬁ

two alternative features enabl’e sel ecfion of the size of the valve fl ow

orifice kNe¥@eY18BbkeiNsE8MTRMAS edicl\bRlede the WPdi M dnd tdltit X et sms
bel ow. The | ower end of the stem 196 is rigidly affixed into a socket 251

in the u@psertbddohbaveot arthedrupeshaléot 1204bynnthes calm aleevectl§adhich

SQLEM/lll. The upper end of the drivq shaft 109 30
receives the dowel pin 200 is angled downwardly and to the left
+ while thé lower slo£ 214 in the cam sleeve 182 which receives
dowel pin 213 is angled ﬁpwardly 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.
Alternatively, the stroke length of the cam sleeve 182 may be
adjusted by screwing the core nipple 178 into and“out'of-ihe
threads in the top of the cam sleeve. Changing the stroke length
of the cam sleeve 182 in one direction over the other changes the
&; relative distance of angular relation in one direction over the
. §ther 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
socket 251 in the upper end of a rotary drive shaft 10§'byfmeans

‘of a socket head screw 111. .The upper gnd of the drive shaft 109

» . 3 o
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S Journaled by means of a baII nearlng 112 held I n p05|t|on by a retainer
ring 115 and overlying a bushing 116. The ratchet housing 180 is
threadedly attached to a bearing housing 113 and seal ed thereto by neans of
an Oring 252. The bearing housing -113 is, in turn, sealed to a rotary
port sub 117 by neans of an O-ring 253. The Iomer end of the drive shaft ~

109 |s ealo%qml%)i 8 eré%f%:lo% %n%]con céuadn&o L, r oL éyn\l/aééilgl atey 121 by

nmeans O rotary “valve p ate OVGI’|I a

stati O%ui\f@ﬁ/erphat e1183.and ¥ok¥eyiRg N8 vlahilQ) dgi1khe r qﬁ@yrxehﬂet

plate 121 i n flush Shear sealing engagenent with the stationary valve plate

123. 'AoRisimd 1180 0oisothhegaeally #ttadied tbow biladkngdUHddsildy {98Maaa
passageway between the exterior of the valve and an interior cavity 132. At‘g

pl ur al sepleld ftlosreost bylikdmy nefl alhr d+gh ide282t ar Wwheal biea i wg chdd i ngy

. be aligned with a matching plurality of flow ports 135 in the stationary
val ve plidt dsl23inotuoni r ekaflled fiomve ofotauydpoitomubnel Ektly i means ofiean
val ve through the flow intake port 131, into the valve cavity 132, through
t he al P(gAHATS 1FheadPwss ad et aﬁh%xﬁﬁhf? shafitph88age se8lsAdbyuen: he
| ower end of the valve 137. < The bottom sub 126 is coupled to the | ower end
of the Oﬁd?‘tngstﬂﬁelﬁn%ycﬂ%%‘ﬁgtﬁﬂ £Ar BadoF 3wy & Pl ehti 1:93 BRapfeof

ot g SIS C I AT NG PRELALS
oot et Ay 9 00,2855 o g sén% b s, R
of an applyed HlARW ri1edl RW Se18bnt Neénddr sealihg engagement with the
stationary valve plate 123. A plurality of orthégonaily' arranged
flow intake ports 131 form a passageway between the 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 from the exterior of the
valve through the flow intake port 131, into the valve cavity
132, through the alignéd 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 subl' 127 by means
of threaded engagement. Thread 105 on the exterior ‘of the bottom

sub 126 enables coupling of the valve into other components.
This embodiment of the flow control valve has a linear
solenoid driving an indexing cam sleeve which rotates a shaft
th'romjh a wire oclutch differential ratchet . mechanism. By

selecting the polarity of an applied electrical pulse at the
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surface, the solenoid can be selectlvely energlzed to elther push or puI
on‘the camsleeve 182 to index the differential ratchet a portion of a
revolution and a spring returns the sleeve to the center position. When
no power is applied to the solenoid the valve actuator is prevented
fromturning so that the valve orifice is position stable in the unpowered
condi t isors £gc . carhdes skencid onahi har eel8Ctamgly, cogegdizedt iton edfthdre mush
176 with an electrical pulsespulls the magnetic core 179 upwardly froma
cent er PoHFHhbreR WP dCanesLppEr ABGnEei énéﬁéf shec diffenpmbiale Fataheat inn

of the ¢goil, 177 th an elecf{rica ul se lls the core 179 toward . the
Cover BRFEATR 8hd %.ﬁe*éo%lo#hen&gﬁ.%a?ﬁ?gce;ﬁrcum Gitie o1 Pevec tor e

POrse GIoAEr pBPat REgh O e R Haer “LETR0RE1 8509 phe  SEIRBCR, ke
179 ih f o0 Qﬁh 79
causlag mve%h%w@%/ e ?ﬁg%ﬁpﬁqﬁégﬁﬁ%éﬁﬁgﬂfm %eg%%nﬁéow ng t %el
-cam sl egueelde {4 dﬁ,a@lﬁﬁaﬁ 8 ﬁiedaheewﬁnpm%amcgﬁfalm%rpam Sl ceve 182

upwardly, 1n the rection o arrow 220, causes the pin 200 to foll ow

the slot 204a@ndamb\ise ChEEHMERORNIFBddYed N3EhANY OCkVWeRErdi£861bANof OGkd NY
down. Such novenment of the cam sl eeve 182 noves the dowe pin 213 upwardly

whi ch l¢dis doeelwitihh 27 édecthibcaDWphlaleutphl b cehe hisghetilt sevgagelide
| ower sets of teeth on edge portions 195 and 199 to all ow st em extension
184 t o uptvatrdlw tirovespecieniceat hpobﬂ)t&oncltnmtrd;l thee WHier bpgaeticovendnt
ob=t he cam sl eeve 182 al so noves the dowel pin 212 upwardly to maintain the
. conprespiere3270 while energization of the coil 177 with an electrical

N pulse pulls the core 179 toward the lower magnetic end piece 173.

The particular coil 176 or 177 is selected for energization, by

a pair of reverse connected diodes, in response to a pulse of one

polarity - or the other. Spring 217 keeps the core 179 in

approximately the center position. Movement of the magnetiq core

179 causes movement of the core nipple 178 in the axial direction
moving the cam sleeve 182 in the same axial direction.

Movement of the cam sleeve 182 upwardly, in the direction of

&4 arrow 220, causes the dowel pin 200 to follow the slot 204 and

move circumferentially in the clockwise diredtion, looking down.

Such movement of the. cam sleeve 182 moves the-dowel pin 213

upwardly which lifts dowel pin 187 and the lower clutch sleeve

193 to disengage the lower sets of teeth on edge portions 195 and

199 fo allow stem extension 184 to rotate with respect to the

lower clutch sleeve 193. - Upward movement of the éam sleeve 182

also moves the dowel pin 212 upwardly to maintain the compression
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on the spring 217 which holds the upper sets of teeth on edge portions 189
and 192 in driving engagenent with one another. G rcunferential novenent of
the dowel pin 200 in the clockw se direction the increnental distance by

whi ch the upper and | ower ends of slot 204 are circunferentially displaced
fromone another, also rotates the upper end drum 201 t hrough the sane )

increpeniyd gpgtagce17 wefehi 8810k e UNBREreRdtd USE 2QLetaUsH® éhﬁe' ef t
hand wound spring 207 to grip the center drum 202 and rotate it which noves
dowelpopiti ohd/ 286 tdrwd upPRr Lfhutdyiwimevenhagembine rvpth lmed anoBHegpri ng
208 slips to prevent rotation of the center drum 202 fromrotating the
| oneCiavandenmer@dinl Thevemexntngferthegedowelbaiivee200 hént ddih choolytse
portion 192 of upper clutch sleeve 190 and.edge ortion 189 of the stem
ext eddirestion fibriutagramenkelcfimt@naethy | whigh the sinpRnandsiowerss
and the stem 196 to which it is coupl ed. of atiop, of the_stem 196 rotates
the &"Se §ﬁhf@ﬁfﬁg'%ﬂftfﬁ??uuﬁ%rﬁéﬁgéf?ﬁ %;ﬁﬁl'gﬁﬁp£ﬁ%ﬁ6es%Fﬂ@ ePPBct i ve
flow orifice of,the valve an_jncrenental unt . et ur.n _downwar d novenent
of 1 OGRS cabRST EPtAFas cthE LR, oePa| BiN AQhy EhroNaR  the (pgRe" "
prod o] pri n e ggﬂp ]
dom#%g::}r%fg;%ni%%%%%%nec gtgkéogr g\f‘lcra%&eﬁx ger'r\li,gri‘%&ib&e?‘\\‘/(\l/‘('zggaEhgfa tg\%gr
clut I A24aa ,ﬁﬁp 9 4 ! t
sl ee\cygl_ei8€§f’é_ SO cgu?g)_s omﬁ%g; ggg ttg?%ﬁﬁowg{?ﬁgw%%%g?s ot 2_%)§f£a% Elrmve
Ci rcydertnti @l Wiish mdsied3Ri¥wdl dhbshanee iamat ?ﬂt&g%ﬁk&@f €1 0EkW 8eeve

r

direction, |ooking down. Such novenent of pin 2 otates the upper end'i-;'
drumiz@l bufhebedgtte lnind|wepagesprihbe 283 slips to prevent rotation
of the 'cénter drum 202 from rotating the lower end drum 203. The
driving engagement between the teeth on edge portion 192 of upper
clutch sleeve 190 and edge portion 189 of the stem exte_n’sion 1'8.4
produces an incrementél rotation of the stenm extension'184 and
the stem 196 to which it is coupled. 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. Return downward movement of the cam sleéve 182 to its
neutral position, shown in Fig. 7, is produced hy the'bias of -/
spring 217 -and ‘causes downward movement of the dowel pin .213
which reconnects the driving engagement betweén_ the lower clutéh
sleeve 194 and the stem 196. Return downward movement of cam
sleeve 182 also causes dowel pin 200 to folldw the upper slot 204
and move circumférentially an incremental distance in the ddunte;

clockwise direction, "looking down. Such movement of pin 200

rotates the upper end drum 201 but, because of slippage of the
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| eft hand spring 207, the center drum 202 does not rotate and the upper
cl-utch sleeve 190 does not rotate so that the stem extension 184,
‘the stem 196, therotary shaf:t-:109 and the upper val#ke plate 121. remain
where they were and the flow control orifice is not changed. Simlarly,

\ h | dl ' h | ' f 221
Causos tHEEHOARS TRELES a7 (RIE, Robes o\ P s o't MRS chnd by
in the ¢ - ] LEECE | QR Ki d B S f
cam ot codtP 10 Thueett ne- oVl L0 A08Ro. Aty arfeske el I PAERD kR 45,

and the, $ppghs £oH! 1845 aae 40 dYBYVRRMY A £ hRABE 109 waeruf@t@%ﬂér
teeth on edge portions 189 and 192 to allow stem extension 184 to rotate

M th respgLvet plidtte UNRA ebibeh Shitere thby wbeenVéand RBRENEDbWOScdREr6BM
3leeve 182 al so noves the dowel pin 205 downwardly to maintain the-

conpr essophfbeoet he apti ohangéawhi ch hol ds the | ower set of teeth on edge
portions 195 and 199 in driving engagenent wth one another.

G rcunferenti@8imibaehent ndvenentiond] phe 2E | sledvecdowmsrardlyckiinsethe
direction’'increnental distance by which the upper and | ower ends of sl ot
214 are @ireahiepe®f AFyowi Iglacaprvysssm bhe dewedeRim| 3131 $oatfel kave the
| ower end_drum 211 through the sane jincrenental distance. Rotation of the
| ower enfl8Funt 31 aflsd0%ehe TG ERERRtAGHIY spii nfhe 1T et pekwise

center UIEI0OR FUAL | hotll o ERUES AREle L pESRA0cLRYS Sl leg
- dp it over pgbutclng! @Ry T 26b C89GnReLAL §Nwh 8n0huilE HRMB1LYE 84187 ana
- | the upper cliutch sleeve 190 downwardly to disengage the upper
éets of teeth on edge portions 189 and 192 to allow. stem
_extension _184 to rotate with respect to the upper clutch sleeve
19.1._ - Downward movement of the cam sleeve 182 also moves -the
dowel pin 20_5_ downwardly to maintain the compression on the
épring_ 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-
_clockw;‘.se direction incremental distance by which the. upper .and
lower ends of slot 214 are circumferentially displaced from one
algxot_her_, also rotates the lower end drum. 211 through the same
incremental distance. _Rotation-of the lower end drum 211 .causes
the right hand wound spring 216 to grip the center drum 210 .and
rotat_e it w.hich._moves dowel 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
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produces an increnental rotation of the stem 196. Rotation of the stem 196
rotates the drive shaft 109 and the upper valve plate 121 and changes the *
effective floworifice of the valve an increnmental amount. Return upward

novenent of the cam sleeve 182 to its neutral position, showm in Fig. 7, is
produced by the bias of spring 217 and causes upward novenent of dowel pin’
200 .t opredonasctart hendremenyz@ngagertendn bef wehe tdteenmipp®s. cl Rotatsi@evef 191
and the stem extensi on 184. Ret urn upward movenent of cam sl eeve 182 al so
causesthewsitem n 1263 rotabes owwhehedrbver sdiafit 21@9a@hdpbke upper valve

circunferentially an _ increnmental distance_.in the clockw se direction,
| ooki hBLabRN 121 &R chargemtthe pEReotiveofiows opdiconat e drakhye1an

but, because of slippage of the right hand .spring 215 the center drum 210
does nLRCFBREREedndmONEY:

the stem 19 I S d e per Y LN
wher e t hey %Fgggnd%%f I%‘\%%%%{??o??oﬁhpi gé%l @%%ﬁg%g&f ﬁ&sﬁgﬁ?ﬁake
not ed 106 | RHAREN A pfd St ancegi rg,rrftgf £y L |

whi ch Egi’sc%'gm'l& nnver}sﬁip;l' 'he?'coﬁﬁt gfbgﬁgggw% e fe%ﬂ%gn&l%gﬁﬁg gg\’{m
in respaBSecdds &8 WPHRIYE "TRYQEREhtOfot NRowaM SpBeV20b82tdV Idedihriddtdnthy
greater than the increnental distance in the circunferential direction by
whi ch ke vihgmdifadganest i bettheet) dtteV appdir @dhith i $lEé€890NIA tand the
downward novenent of the camsleeve. This is because of the slight

di ff er ehes iextsénstionndléd.bet Bedmrsl capwa0d movehest! rafn chm mlieswvd 182

cam sl eeve 192. Alternatively, as nentioned, the 35 V

also causes dowel pin 213 to follow the lower slot 214 and move
circumfeﬁentially an incremental c‘listahce in the clockwise
direction, ‘looking down. . Such movement of pin 213 rotates the
lower end drum 211 but, because of slippage of.the right hand
spring 215 the center drum 210 does nof rotate and the 'l.ower
clutch sleeve 194 does not rotate so that the stem 196, the
rotary shaft 109 and the upper valve plate 121 remain where they
were and the flow control orifice is not changed.

It should be noted that the incremental distance in the

circumferential direction by which the stem 196 moves in the -

counter-clockwise direction, looking down, in response to 'an
~upward movement of the cam sleeve 182 will be élightly greé.ter
than the incremental distance in the circumfereﬁtial directidn by
‘which the stem 196 moves in thé clockwise direction in response
to .a downward movement of the cam sleeve. This is because of the:
slight -difference in slant angle between slots 204 and‘ 214 from

the axis of the cam sleeve 192. Alternatively, as mentioned, the

35
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ower clutch sl eeve 194. does not rotate -so that A



stroke di stance of cam sl eeve 182 nmay be adjusted to produce a conparable
result. This angul ar difference enables effective incremental novenents of
the rotary drive shaft 109 ‘which are as snmall as #he difference between the
two circunferential novenents in the opposite directions. Selective

adj ust neakoka m%m{eé hgé %nprgel@évgv&@zm\s%n% SadufPEadite

F&uc
foll owed by a sel ected nunber novenents i n“the opposite di reg!%i on. oe ?‘he

_effectlzésmfsafamat péstile, dii. mlghaéﬁguﬁakhealchﬁéﬁmeemwmn sgreetitle
i ncremental novenents in each direction. can be seen fromthe above

descri pinocgemeatall mowdmemteengnt thef rothey drgrel ishaftorw9 tichnatbeas
upward direction produces-rotational novenment of the rotary valve plate 121
in one dinpddt aenthie G4 ffxsterme dettmaemethe diwe hel connfdientihal hwmodenantsd
Wisection causes rotational novenent of the rotary valve plate 121 in the
opposi t éndithec oPPesitife dalantinns. niRirekive 2 ﬁ%‘?%‘?’? &l %’écmﬂm-és!l!z@

with respect to the stationary val ve at 123 occur.s in a series of
ndi vi dRYT G QI IIES (RO RARENES o 1f‘uﬁ’§‘ﬁ i 550 woth P 3 cEeT B R

t he axi al~ goverre core Thus
™

e ! BypBRES oL havbngitel O5B %838%#%363%%5“6 YR IR s,
R érf%eaw?é 882987920 5L, GOWMRI RSl IERTIE e

arity of e puls e retu cen e poSIt I on.

These ngﬁg%gite%t%qu%mwﬁ égé@tapp@étggﬁerrents in the rotary val ve

plate 121. Wen the core 1/9 1s stationary, e rotary valve plate 121 is

.QL,SO st ati onagy eaet %Y tgeanst abbR V\tlﬁé] 53Rt dfdédﬂiiatg.ldtﬁn RATH | ARial
Rot ati onal 36

_ movement of the magnetic core 179 in the upward direction
' produces roi:ati_onal movement of the rotary valve plate 121 in one
direction while each axial movement of the core 179 -in the
downward -dif:ection causes rotational movement of the rotary valve
p'l.ate. 121 in the oppoéite direction. The rotational movement of
the rotary valve plate 121,_ with respect to the stationary valve
plate 123, occurs in a series of individual i-ncreménts which are
a function of the number and diregti-on of the axial movements in
the core 179. Thus, pulsing the solenoid windings of the core
.179 causes it to perform one or more successive movements from
its _cenﬁ_er_ position to either an upward or downward. position,
.aepe_nding ﬁpon th_e polarity of the pulse, and then return to the
center. ‘position. These movements cause successive rotational
movements in the rotary valve plate 121. . When the -core 179. is
stationary, the rotary valve_pl_ate 121 is . also stationary and

position stable with:  respect to its given position. Rotational
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novenent of the rotary drive shaft 109 simlarly rotates the indicator
shaft 164 to rotate the shaft of the indicator 163 and thus provide an -
uphol e indication, through the downhol e el ectronics 52C and the control
line 47, of the position of the rotary valve plate 121, and, hence, the
effective valve orifice size. Alternativel¥£ a register can be used to v

mai nt aiftPEeRYitht off FRe WAy afFigs FreftoflGhespniiaslyppretrtes the

valve andieat e L ERFEb RS kR BOToRs b Vo Ehe Aknahfabeze 6] o

1Sl 8 TN STLALLL) Lol SBICTRRL B D B,
brbodi ety fhes Pp2t A (IR POERE-GLSATHE W30 R U forlbPoh b the [\

Fi gure gyatheggive 3)1%% a1 PPPPehaf | AWne)! ritle VEEFEWNENVRIGR RALAIRS
t he sol enoi d actuated rotating mechanism incorporated in the third

enbodi neide.of Al geiraadvellyl h ad fRjiRaler Yot Vife Vs 64 080 RashteEhuke dount
produce a fourth enbodi nent of the flow control valve of the present

I nvent ich. tis shobert bhedeipol axrityl ef Afife | pel seke sappbiied htad theed dlenmigh
el ectric housing seal 104 connecting with a top housing which receives and
seal s tamd cGinemeby | meinfaidgaisnsconsihubuse ¥ndicatiame ofl ethei efifdaddidre
are connected through second feed through sealing connectors 103 into
chanbervalee \prifiagusdzet RECHoANRBLADERESE: SRECTPRGK ¥FL WS2D. The

el ectroni o coUneCtonSWb.del [R.ogulsd " oyl a ' KDRY.2UR 193 40,

takes movement in the axial direction and translates that into -

-

rotational movement by virtue of the 1linear to rotational
movement translation portion of the third embodiment of the flow
control valve shown in Figure 3C.

Referring next to Figure 3D, there is shown a poppet flow
control valve which incorporates the soleﬁoid actuated rotating
mechanism, incorporated in the third embodiment of Figure 3C,
with a poppet type valve closure structure to produce a fourth
embodiment of the flow control valve of the present invention. ;;
As shown therein, a valve 260 includeé a bulkhead feed through
electric housing seal 104 connecting with a top housing which
receives and seals the control line 47 against well bore fluids. -
The electrical leads are connected through second feed through
sealing connectors 103 into chamber 102 which houses the downhole .
electronics package 52D. The electronic connector'_sﬁb 161 is .

coupled through a bulkhead sub 160 to a coil housing sub 101 by °
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means of threaded interconnections and seal s.conprising Orings 162. A

position indicator 163 includes an indicator rod 164 coupled to the shaft

t hereof for rotational novenent. A val ve positiomtindicator 163 is
coupled to an indicator rod 164 by neans of a shaft coupler 165 and
mounted by nmeans of a potentioneter bul khead 171. An upper magnetic
end pi egeahE0 and tﬁrleg\a%a MBANEL ¢ Sn sk Db SECand 73 s2N1@ mﬁ@ﬂn&zyommsof
a magnetic centerpiece 174. 5. A coil spool 175 extends between the upper
and | owars2ragnet | pogmdlanecmﬂa&@@d 1533 pncl bass amiippadi catbrl 7Hod oasided
bet ween the upper magnetic end piece and the magnetic centerpiece 174 and a
| oner CaiduplZd | voattde iafenthbeebdnehormmagotationall piovemeatd t hd ¥aAlvand -
t he magnetic centerpiece 174. A magnetic core 179 is nounted f-or axial
hevenentpdsi tiewpohsdiretomwe 163 edsi orowpl ed opof aéurif!@f#tcﬂ‘mroug‘ﬁdt &6 & p At
coil 176 and the_ lower coil 177. The |lower end of a netic-. core
179 is meamgadefi y it teRMER tSOWRECHppePOendnds HOBBEEAN BB’I e BERES hOF O\Ber
end of whi.ch is threaded to the u | eev 82
clanped39ﬁﬁﬁﬁtpﬁﬁ'%%ahgléheagn&t 183An'ﬁﬁég)cﬁ§§ﬁ?ﬁ oﬁn§63i8§?eﬁg an

Toa. i SPeinroy FEHRPRC1 o0 N 4 0ai PEBr SR yedp My GhEHRE S0
ci rC””f S O#}Eé@iéyc%%gg-gkgger 919943595A1,3r§ii“%€10%‘i "W§he£ﬁ8ﬁa¥ €pRithedl Mo

movement™ apar o ns 187 e upper end of the stem extension

184 has mf Cé‘:k&”l&@@k%h)jn%’é&%“@ﬂ&g Pileduie 1178 A Ch78Ngh8d88saan upper

downwar acing outer edge portion 189 with radially extending teeth
for”Ed:¥%11 176 located between the upper magnetic end piece and the

1'd

magnetic centerpiece 174 and a lower coil 177 located between the
lower magnetic end piece and the 173 and the magnetic cehtefpiece
174. A magnetic core 179 is mounted for axial movement in
response to the direction of flow of current through the tbﬁer
coil 176 and the lower coil 177.

The lower end of the magnetic core 179 is' thfeaaedly
‘attached to the upper ‘end of a core nipple'178 the ioWei end of
which is threadedly mounted to the upper end of a'cam-sleeve'182

\ and clamped thereto by means of a nut 183. The indicator rod 164
extends axially“dcwﬁ throﬁgh the.core nipple.178.ahd.is‘effixed

' to a stem extension 184. The stem extension 184"ihclﬁdee'e'§air

‘of axially spaced, circumferentially'extending recesses:igs and

186 which receive and allow movement of a pair of dowel pins 187.

The upper end of the stem extension 184 hes a circular
radially extending flange 188 which ihcludes'a'downﬁaréi§“facing

outer edge portion 189 with radially extending teeth formed
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t hereon. An upper clutch sleeve 190 includes an el ongate tubul ar shaft
whi ch is journal ed upon the stem extension 184 for relative novenent in "
both circunferential directions. The upper 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
t her eortheregien t3e RRR A Clekeh $£e?v.% 48dnharlnges agrngleage totny argo
of the stem extension flange edge 188 engage the radial tget& in th .
upwar dISPartci vyt RIGE phrer &@2“B?nth’éeu‘bg8’f“ BFEEBRALIORAPE FPINFELPFE e
two parts nove together as.a unipt_in_th ,rcunf.erenti a I rection, T
oot b I YEG a o ath, “ShEetREe RPRELAT PRt TRRl. LTl [ epa BF
descri a Wh he t adj h-are fr T
anotheﬁﬁgﬁebg%ggf c?gﬁégﬁslg@ﬁég%%oqg%aegié%%é§€gab%utcﬁﬁgggggn1g§%%g§;¥¥1 o
shaft i oldy 64 " B1ERIELN1 02 i1 &Ct HABS- aAN _d;ﬂ?aﬂ.‘dlgﬁ' £hewely Coiteh JRfye
193 has an el ongate tubul ar shaft which is journal ed upon the | ower portion
of the sd:am&xt A oRitl4 fdi dEl Pt ickd MNP NtebBhbOERe &6 8UNT ENRBAI Alhe
directions. The |l ower end of the |lower clutch sleeve 193 includes a

ci rcul afadiosll akkettxtimdihe fdowngeaddiy Wiachnhasedgelopowtiony 18€i 6 GHeer
edge portion 195 with radially extending teeth thereon. The | ower end of

t he st eateaxt ertiems iion tfikangedledgeoubd&dengaglee thperadidlofteeth edml Itheand
hel d in secure engagenent therewith by a set screw 197. The | ower end of
t he campvwaedly 1RGNS | edgenopersioprhel 82 emflothgndupperudeksutch sleeve

| ongi tudi nal slot 167 which is open at the |ower end to receive 39 -
flange 191 the two parts move together as a unit in the

circumferéntial direction. The teeth on fhe face of the opposed *
clutch plates are preferably angled as described above. When the
two sets of ﬁadial teeth are spaced from one another the upper
clutch sleeve 190 moves freely about the.stem'extension shaft in
both circumferential directions.

An identical lower clutch sleeve 193 has an elongate tubular
shaft which is Jjournaled upon the lower portion of the stem
extension 184 for relative movement in both c¢ircumferential
directions. The lower end o¢of the lower clutch sléeve 193 'QJ
includes a circular radially extending flange 194 which has a
downwardly facing outer edge portion 195 with radially extending
teeth thereon. The lqwer 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 a

longitudinal slot 167 which is open at the lower end to receive
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the dowel pin 168. The upper end of the stem 196 has a circular radially
ext endi ng shoul der 198 which includes an upwardly facing outer edge portion
"199 with radially extending-teeth. Wien the angl:éd. radial teeth of the
upwar dly facing edge portionisl99 of the stem shoul der 198 engage the angl ed

di al th in.the d dl y faci d ti 195 the | . clytch
i ceve Fhande"tds Kb Lhb parhe, SRR, AR 195 (S RTTRxf SfsPaR PofiHrNer
¢ th ot , : . , i al.
| 0get Not st ARSIS WA AUE °F8 Pt ol ERed 0ok 80 Bt Yuling
freely ghedt télfgétﬁakagﬁn%w_ trh8: 891 Y %&&%ﬁﬁ&?{gﬂ% Alpdi 1 ffbhO e
Overlying and Journale upon the outer “surface f the tubular shaft

of the dppgledc!rdd@ia’b| e@ethlWr atRedpghiiL NEadi HY dbe HOESGR 59IMAZ02
and a | ower end drum 203. The upper end dr uyanQOl ig]cl ugesapa dowel.pin 200

whi ch i sheecetend shbela8rupiEs kad@ideldthal lanqrd@naiaddall otedfl iint e
cam sl eeve 182. The center drum 202 includes a dowel pin 187 which

ext ends dowmoragidllan fpoingr eedget pordipmer 195t of stlseviowed talutghdisleceve
connect it therewith and into the upper recess 185 in the stem extension
184. TH&angferl ¥hdhe W martrl 1rlbong dbbll thenskes extension dddi,vewve
into a central longitudinally extendigg slot 206 in the cam sl eeve 182.

A hel i ckogetiedh iprthe. chrehmferentigd Bikaatdemor When| the &We sefsgef

the cylindrical outer surfaces of both the upper end drum 201 and the upper
porti oan%’ﬂﬁ'e &?r?ttg’r GEEm 5®2ced SExPm, ORe| | RRPLReXM-c RS iLRYeF Pt RR

'@]d _W g ie%q,seSZOPQ Qvﬁglviegs frzier]e Yenggggé U&% %)Qeimnder:itcearlxsioéjzg esrhélgt. in both
. circumfer;ntial directions.

Overlying and journaled_ upon the outer sﬁrface ~of _the
tubular shaft of th.e 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 1ongit_udinally extending slot 204 in the cam sleeve 182.
The center drum 202 includes a dowel pin 187 which extends
through an aperture in the upper clutch sleeve 190 to rigidly
connect it therewiﬁh and into the upper recess 185 in the stem
extension 184, The lower end drum 203 includes a dowel pin 205
_wh_ich is received into a central longitudinally extending slot
206 in the cam sleeve 182. A helical clutch spring with left
hand w;ndings 207 overlies and engages the cylindrical outer
surfaces of bqth the upper end drum 201 and the upper portion of
the center drum 202. A similar helical clutch spring with right

hand windings 208 overlies and engages the cylindrical outer
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surfaces of. both the | ower end drum 203 and the | ower portion of the center
drum 202. Overlying and journal ed upon the outer surface of the tubul ar -
shaft of the lower clutch sleeve 193 are an upper end drum 209, a center
drum 210 and a |l ower end drum 211. The upper end drum 109 includes a dowel
pin 212 which is received into the central longitudinally extending slot *
206 i n swefaees sbfebeth82heTRoweenteaxd dixum 22@8 | anduthe 2 owewelpoptioiBof
whi ch extends through an aperture in the lower clutch sleeve 193 to rigidly
connectthe gqertew dAumndO2nto the | ower recess 186 in the stem extension

184. The |ower end drum 203, includes a dowel gin 213 which |s recejved
into a | owerOYoRbY18Ri rardy IQLER B stRer21%Re n PpEeEafilrtRse 19D, they

hel i cal,_ cl h ' Lth left hand w ndings 215 | i and o

vl | nart Ry Gt BRSS9 cERsT LOYHE | R SPor YR b 208 Sarti | REREpeYd s
ti t t L g | I Leal t ' ]

ot RER 2901 na SeETEYoREaL 210,48 Bovdf! LER, anl FLST! ok Wiskd

of the éﬁavea_rﬁﬂd 106UTn23haRd o REWwdesi P05 15 OpnPEnt 18 TREEH S YAtD dhe
A helical coil spring 217 is conpressed between the radially extending

flanged-engr@f LbBaghewainandydrditeii mnkide £66i hl ¥nexiandisi®ddanpes
end of the upper end drum 209. The biasing force of spring 217 holds the

dowel prive 2Qentet halsywperi@ndiatlaldes 284 adwel heirmcetlB7onwhibéh Uuppetends
surface of the outer edge portion 192 of upper clutch sleeve 190 in driving
engagenentoughh airheaperthren-itthethewdowewr fetetclh sleevet e192dge poirdidiy

189 of 41 | | W
connect it therewith and into the lower recess 186 in the stem
extensioﬁ 184. The 1o§er end drum 203 includes - a dowel pin 213 e
which is received into a lower longitudinally extending slot 214
in the cam sleeve 182. A helical clutch spring with left hand
windings 215 overlies and engages the cylindrical outer'surf&ces
of both the upper end drum 209 and the upper portion oJf 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. , ' - ;)

Axhelical.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 biasing
force of spring 217 holds the dowel pin 200 in.the upper end of
slot 204 and the teeth on the upper surface of the outer edge
portion 192 of upper élutch sleeve 190 in-driving_engagément with

the teeth on the lower surface of the outer edge portion 189 of
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stem ext ensi on 184. Simlarly, the biasing force of spring 217 holds the
dowel pin 213 in the lower end of slot 214 and the teeth in the | ower
surface of the outer edge portion 195 of the |ower#€l utch sleeve 193 in
driving engagenent with the teeth on the upper surface of the outer edge

Pt 99 of .the. 6. ,of . d in 200 wi|l |
(i Sengads Pn@ i bt 168 | A T Whgether PFBRLAgs oai%lf”@fg w“ad“mg-w
I ' I f. & d ' 5 i [ vi
engagoniatas; (i SSkRL” plf <1 b CBRP U LB R dY At e

will diggrgads d hend oVEhesCharehcke@d Gk ,eéaeepo%ggen%gk%goqul 99 phiche

| eaving the upper sets of teeth on edge portions a 9 1n driving

ﬁgvgvagennawew tdl th a8DEEGE. 11881 ard | e L hEf éﬂﬁhgeﬁb_ﬁt it &g CE8eBR SN
the cam sl eeve 182 overlies and encl oses the spring and cl utch-

mechani she dedped Badfawmy eof THke Uppterskaye? @briti dohd IRB S| €eyes 87 woisch
receives the dowel pin 200 is angled downwardly and to the left while the

| ower sPownasd maveamexdm of céowel 8Rinhi200 middl \Eis eduyesde pElne 24Bpes aegbed
upwardly and to the right. The central slot 206 in the cam sl eeve 182

whi ch reé€eitrationa sige POTtises2192xanddd 8§farvhike Leaviag dthgt Yoweal
axis of the sleeve 182. As_ can be seen fromFig. 7, the increnental

di st ancBetf t9fe ¥e9ithinPRr eATRaPOEELERE| 4195 Rthi 18P tir &pbeing anpademeatds

of the |ower slot 214 are separated. fromone another is slightly greater
Chan t n¥LE R SN PAPEEG et anBLnTL AELKe GEMARY CROYCRaRt (Po AaWRL LR ahEdR

L WEPEA A AU S0 e8! R B 6" 60 CR VY YSRLEE P96 ana
& 199 while leaving the upper sets of teeth on edge portions 192
and 189 in driving engagement with one another.

Referring briefly to Fig. 7, there 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 downwardly 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, the incremental distance:  in ‘the
circumferential direction by which the upper and lower -ends of

- the lower slot_214 are separated from one another is'slighﬁly
greater than the incremental distance in the ‘circumferential
direction by which-the upper and lower ends of the upper slot 204

are separated from one another. = This feature and the: alternative

. - 42
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feature- of adj usting the cam sl eeve stroke |ength described above, enable-
sel ection of the size of the valve floworifice in very small increnents of
value as will be further expl ai ned bel ow. Myvenent of the cam sl eeve 182
upwardly, in the direction of arrow 220, causes the dowel pin 200 to foIIow
the slot 204 and nove circunferentially in the clockw se direction, |ooking
down.. $sskumeventntadjushbngantlse cevam 182 qevees sthrokiowd engith Zmésupnmwl y
which [ifts dowel pin 187 and the |Iower clutch sleeve 193 to di sengage the

| oner 3bp¥eof anahlie Brlerfionrefokbe18szen®fidthe val vovtkownpekfansi om
184 to rotate Wlih respect to the |l ower clutch, sl eeve 193.  Upwar d_npvenent
of théVeEH sFBaY 1‘8‘?%?‘3%“%vé§ftl’féld’@\/\eﬁspl‘f¢72]i xtﬁ)\/\/éflu&]t)h% REPALANSS: he -
conpre sion on the spring 217 which holds the upper sets of teeth on edge KJJ
portio §19¥9 and . 192 in drivi ng engagenent wi.th one anot her

G rcunferen . p

the i ncrerre#tg)l "%%stanc hfcag ‘%/é}'? %O%% u%)%%ragg %Pﬁﬁ'gle f ?frg ftﬁ%,4 are

ci rcunherent iald,y Qéﬁ@ééc%‘ﬁef rdHQé’l“ePi‘HOtzW to akamset %fn%s g1t ftﬂ-humr agid

drum 201 through the sane increnental distance. Rot ati on of e upper end .

drum 2@bveausascunfetéiiti dBNY YRAURRES Mlidtkidde (@1 BEERLORE £8BkEhgdEeRIN202

and rotate it which noves dowel pin 187 and the upper clutch sleeve 190.

The ri ghichhamévensnt sPf i *he?208an! igiedwe prideerioves atiln abwelle sent @13

drum 202 fromrotating the | ower end drum 203. The drivi ng engagenent

bet weenpwaadlaetwhieh edgEtgordowsl 192n0fl &lhpendcithec i ovexevel 4B6hasd exdge

portion 189 of the stem extension 184 43 hi
193 to dlsengage 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 séts'of teeth'onﬁedge
portions 189 and .192 in driving engagement with one andthér.
Circumferential movement of the dowel pin 200 in the clockwise
direction the incremental distance by which the upper énd lower
ends of slot 204 are circumferentially displaced from one
another, also rotates the upper end drum 201 thrOugh'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

i90. The right hand wouﬁd spring 208 siiés to prevent rotation

of the center drum 202 from rotating thée lower end drum 203. The ~
driving engagement between the teeth on edge portion 192 of upper:

clutch sleeve 190 and edge portion 189 of the stem extension 184

43



produces an increnmental rotation of the stem extension 184 and the stem 196
to which it is coupled. Rotation of the stem 196 rotates the drive shaft
109 and the upper val ve pl ate- 121 and changes the: gf.fective flow orifice of
the valve an increnental ansint. Return downward snoverment of the cam
sl.eeve 182 to its neutral position, shown in Fig. 7, is produced by the
bi as of pepiuees2lan andceanseasadoWdEdtl JWVeFetheOfstdie deensRion 2184 Wahah
reconnects the driving engagenent between the | ower clutch sleeve 194 and
the stethéd@tem RB6uUto ddvimolar it mbsemeuplefd.canRetatiionl®F dilsn stemed 96
dowel pin 200 to follow the upper slot 204 and nove circunferentially an

i ncr enemeiRat@isst tine e divd veheskatfmt 409 |ankwibe @ipres | valve| pdlitey tdlnand
Such novenent of pin 200 rotates the upg end drum 201 but, because of

sLi ppag€handese the ehdrgtipe il Po7orhéieencd thenvedyedn haerepental
and the up%§ clutch sleeve 190 does not rotate so that .the stem
ext ensi 8f© 5 the stem 196, the rotary shaft 109 and the upper valve plate

S R AGAE Bkl PRI 5 o
2 I 2; I h
2Hg\lljvnf é%eﬁ%%gffgoéb@lﬁgmﬁgﬂ@‘r-}ﬁock\g ge+ S:Nréc ﬁ:l “‘1?‘%3?? Vﬁjfas guch

MOVEITENEpoh ie2 §AMaPChut s AR LE ql%%hew 3@0@@ma@&9iy PN €813

pul | s domel pin 187 and the upper clutch sleeve 190 downwardly to "di sengage
the uppehisd Scedon®edts OBhedaiRAnY Ahyabtheitd Hkdrddh thOWM 6%€ ¢4utch

k*' slegve 194 and the stem 196. Return downward movement of cam
¢ sleeve 182 also causes dowel pin 200 to follow the upper slot 204
and move ciréumferentially an incremental distance in the 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 center drum 202 does not rotate and the
upper. clutch  sleeve 190 does not rotate so - that the stem
~extension 184, the stem 196, the rotary shaft 109 and the upper
valve plate 121 remain where they and the flow control orifice is

KJ: not changed.

Similarly, movement of the cam sleeve downwardly, in the
direction of arrow 221, causes the dowel pin 213 to follow the
slot 214 and move circumferentially in the counter-clockwise
direction, looking down. Such movement of the cam sleeve 182
moves the dowel pin 200 downwardly 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
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extension 184 to rotate-wth respect to the upper clutch sleeve 191.
Downward novenent of the cam sl eeve 182 al so noves the dowel pin 205
downwardly to maintain the conpression on the spring 217 which holds the

| ower set of teeth on edge porticons 195 and 199 in driving engagenent
with one another. Crcunferential novenent of the dowel pin 213 in the
count ezxtensiRni 48 4ditecrobatehariibicrrennratl o sthacuppPprniiciehes ippue
and | ower ends of slot 214 are circunferentially displaced from one

anot het91al soDPPBRHRES. (hevensRt ofd themcam sheevgh 187 akme mavesnehhal

di stance. _Rotatiqn of the |ower end drun12%é?ca ses the right hand wund
Spr i nGASHBL { PR | #4% c ACURVETIY Nt 1 PEIREFER atihe ( CRMBTTHAR @weEDSi n

on eogie NS a1 BN RARR S chodhchdE HOURE I WA BOBER"
196 : : : . . |
A e B M o T ot TR

and ch@pgeameBecatiatt i NevéhoMt 0'ds | €ReOladw?d VAL NE 218 | DAT /ARNt gbualBYAL .
Return upward novenent of the camsleeve 182 to its neutral position, shown
i N Fi geldckivespr @lucrstinh t bRe hiasremenpaln@ikltamsdl BRUSAS clPVEHS Tpyerent
of dowel pin 200 to reconnect the driving engagenent between the upper

cl ut chaniedvsrek9lemdal bifie sdtodm 2k4 eageoieiF8simfe reémttiarl liyp Wi s hawvedre fitromof
cam sl eeve 182 al so causes dowel pin 213 to follow the |lower slot 214 and
nove coneushotbetri allgo motates diimntldwenliendineum i 111 t throggbckheseame

direction, |ooking dowm. Such novenent of pin 213 rotates the 45 ;J
incremental distance. Rotation of the lower end drum 211 causes

the right hand wound spring 216 to grip the center drum 210 and A
rotate it which moves dowel 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. Rotation of
the stem 196 rotates _the drive shaft 109 and the upper valve
plate 121 and changes the effective flow orifice of the wvalve an
incremental amount. : -

Return upward movement‘; of the cam sleeve 182 to its neutral \./
position, shown in Fig. 7, is produced by the bias of sprir;g 217
and causes upward movement of dowel pin 200 'to reconnect the
driying engagement between the upper clutch sleeve 191 and the
stem extension 184. Return upward movement: of cam sleeve 182
also causes dow'el pin 213 to follow the lower slot 214 and move
circumferentially an incremental distance in the  clockwise

direction, looking down. Such movement of pin 213 rotates the -
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| ower end drum 211 but, because of slippage of the right hand spring 215
the center drum 210 does not rotate and the |Iower clutch sleeve 194 does
‘not rotate so that the stem-196, the rotary shaft.: 109 and the upper valve
plate 121 remai n where they were and the flow control orifice is not
changed, It should_be noted that the increnental distance in the -

ci r cunf SPERET 0% AERM ol by DR CEPQ%EJ%Q eaf sddppages 0f the right hand

count er -cl ockw;gzdl rection Ioo down,_in respaonse to an upward

movenenBPsf *fh % cfantgs hé&lg |6gﬂﬂq yng eéf@ratt%aﬁnﬁhethe lower
nf di { which th t 196
hﬂﬁé?”?ﬁitﬁ'ﬁgﬂéf%%%%é“ﬁ G M I T PR l'a%ﬁngéﬁed ﬁﬁeﬁrmf% hem
| T f t { t
Sty TearyTBIReE MIFURE Ohol §Bg* SRLTRC Baat e A e bt Bpd "

eve, as descr SE O

angl e bgbweeansl ch% Abw %&J&h famedde iaé"éo@fc {lﬁ &am s| ceve 162
a

This angul ar different enables effective increnent verrent s of the
rotary driveIghadholD@ e Chotle@ a6h&HBI¢heS ihkeetiehtanengespshwaen 4 hgpwo

circunferential novenents in -the opposite directions. Sel ective _
adj ust neptrcusfacemgilalshétirbgtooa dsy Meihd dlDVEHBNIsStem QY% dhooeki Gin the
foll owed by a sel ected nunber of novenents in the opposite direction. The

ef f ect i vounberredockvitstee ddmieediomaf t losking ddbdbwey ente - bﬁés/mtssurﬂd)f amhhe
i ncrenental novenents in each direction. The ratchet housing 180 is
t hr eade¥PYaghgRRPIRONE hofhduhe ngamogdienyel 18 anyitbaked aleghtly bgreetes
an O ring, 252. The rotary drive shaft conprising the stem 196 is .
Journalﬁhaﬁy P@aﬁgqggmental istance in the circumferential direction by
. which the stem 196 moves in the clockwise direction in response
to a downward movement of the cam sleeve. This-is because of the
.difference in stroke length of the cam sleeve, as described
“above, or because of the slight difference'in-slant'angie betwéeh
~slots 204 and 214 from the axis of the cam sleeve 192. This
angular different enables effective incremental movements of the
rotary drive shaft 109 which -are as small as the difference
between the two circumferential movements in -the opposite
\ directions. Selective adjustment is accomplished by one or more
movements in one direction followed by a séledted number of
movements in the opposite direction. The effective movement of
the. drive shaft is the difference between sum of the incremental
movements in each direction.
The ratchet housing 180 is threadedly engaged to the bearing
‘housing 113 and sealed thereto by means of an O-ring 252. The

rotary drive shaft comprising the stem 196 is journaled by means
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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 neans of the upper edges of &
port sub 117 which threadedly engages the bearing housing 113 and is seal ed
thereto by neans of an Oring 253. The | ower end of the stem 196 is
externally threaded at 152 and engages_the internal threads, of a drive -

t hr ead 53 dold RRRTING| hy2shehfpdpp@l ars WY hafttaseer BIngndiruarfaP y
extending .slot 155 js f ed. gl.ong, the |l ength of. the valve shaft 154 and is
ongage AP LIt YRRl e nTHHE o R CPHERL Ao don N vEP| BYPEEnEY (PERD pa

sub 117.to0 n{ sLatation_ o e % h 5. r

val ve 's hsz t@éé%fhtgsdg%or n%%.?hgf)ggn s\éﬁlpoglpg Q&%gé %H%?iééﬁ\fseﬁg%ggédtt (;%r
engage gyl iMd hhSuPORPEll 3Valnee iSealedriéa thBRe¥8! ¥ TRANnsI4E | ﬁnhﬁl-‘i'i'n% v
pl ace at the ‘upper end of a bottom sub 126 which 't hrfeadedl y engages the .

| ower eyys.of the rotary port sub 117. A plurality of orthogonally | ocated
flow intake ports 131 are forned in the outer wall of the rotary port sub
117 and commibs chbwewi éhdaofi hher stlerca\da \isl dektvétimall whthheadedouant ad2t he
poppet val ve head 142. The cavity 143 is in fluid communication with a

| ongi t wdidhangeges chlié njnpessalethyesds wifi ¢h duwive theeadi 153pefii ag nbh7 at
the |l ower end of the bottom sub 126. Rot ati on of the stem 196 in one

di r ect i ingistEenhpoppesadad W | ¥oai53 10t hi A t hengbhpdingdlye exendingy
to nove the poppet head 142 downwardly toward the seat 144 and close the
openi n@%%r&b’gt%eﬁﬂrme@oﬁ%\??%nth? %%@%Peﬁ\f 15Be; katKe sPadsi & 4damdcdison .

causes VeIt n9" o NEpPoBRC P4 2 S ELSugH the wall of the

-

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 engagement with a poppett valve
seat 144. The valye_seat 144 is held in place at the upper end
of a bottom sub 126 which threadedly engages the lower end of the
rotary port sub 117. A plurality of orthogonally located flow
intake ports 131 are formed in the outer wall of the rotary port
suﬁ 117 and communicate with an internal cavity 143 within which
is mounted the poppet valve head 142. The cavity 143 is in fluid V
communication with a longitudinally extending passageway 146
which joins the exit opening 147 at the lower end of the bottom
sub 126. Rotation of the stem 196 in one direction causes the.
threaded drive 153 within the poppet valve shaft 154 to move the
poppet head 142 downwardly toward the seat 144 and close the
openiﬁg therebetween. -Rotat_ion of the stem 196 J.n the opposite

direction causes movement of the poppet head 142 in the upward
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direction and, hence, opens the spacing between the valve seat 144 and the
poppet head 142 to all ow an additional anount of flow through the variable
orifice of the valve. The poppet head 142 in this enbodinment is shown to
have a generally conical outer surface to produce a“relatively |inear

ret ati onship, between change in head positi qg@angg'n | MEs A dOW, e.
O her o ’é?gﬁ%é Sont'i .gﬁ?§f$bn§pe§§ sﬁ%%/mls%%cg?%er e O%Alrrgir?tas?@aalr%& sbdt

possi bl g4} 0L ,¥aghau *«s?ﬁ' ety f N 41 dONSIhPE - afSuinoke £36eN,
axi al m%\siérréﬁt& g*’gt %‘gg?%l%enm&' C(r)arzle 14167)\31‘% ;che upward di rec?i o% i sopr oduced

by ener.ehz.aah'F,an e tPErIQBPEE 6RklFicd7®farthd OWEIvEeOi | Thé7 popgetonkreadl adizt y
of pulse while axial novenent of the core 179 in the downward direction is
roducesinbytire &mboddmenttr riant shbwaudio t haveoid sgéérahd yl ©onicaheouter
g-pp’osi te direction. Axial novenment of the core 179 produces axi al--novenent
of the soréameppke 1P&odiceh mpveelativeidn slivearigrelatipashipti bgtween
direction. Axial nmovenent of the cam sl eeve 182 produces_rotational
novenenthehgehd Bt berdoresi tiersand thangmi 45 FALHh Btovhdadisots Shednd -
214 agai nst the dowel pins 200 and 213 as expl ai ned_above. . This rotational

movenenPUSPIt iRe/RnEionfiifzaly offy 228 R Rs 1PheOtReh ALY Hidirce are
A G S T R
orT1C0 0 U5 PORRCheY Bk, SN ROALRABYCHE ol dcS A 43802159, 4,
0| PSR EPRRMTMAG R0 SAGRISA01 Sy 1RV 06h ) o Uppo:
. coil 176 and lower coil 177 with one polarity of pulse while
axial movement of the core 179 in the downward direction is
produced by the flow of current through the coils 176 and 177 in
the opposite direction. Axial movement of the core 179 produces
‘axial movement of the core nipple 176 which moves the cam sleeve
182 in the vertical direction. Axial movement of the cam sleeve
182 produces rotational movement of the stem 196 as a result of
camming action of the slots 204 and 214 against the dowel pins
200 and 213 as explained above. This rotational movement of the
. dowel pins 200 and 213 rotates the stem 196 to produce xrotary
movement of the threads 152. Rotation of the threads 152 moves
the poppet valve shéft 154 in the axial direction to change -the
size of the orifice of the poppet valve. Rotational movement ‘of
the stem 196 also rotates the indicator rod 164 to change. the
position of the indicator 163 and indicate through the .downhole

electronics 152D the position of the rotational shaft and thereby
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correlate it wth the size of the effective flow orifice between the poppet
head 142 and the seat 144. The rotational position infornmation is ’
transmitted to the surface controller 30 by nmeans of the control |ine 47.
Thus, it can be seen how sequential increnental novenments of the solenoid _
core 179 produces increnmental rotational novenents of the stem.196 which in
turn eteteelapenttowithodde tzpophetheabfifettined Bywt ltaifdmeetbdtoeskei 42
and the valve seat 144 in corresponding increnmental nmovenments. =~ The

i nt er rtR | BAPBLL (RRRG hidBgRNoheERDi B82E74 48nd 1The arPERSiomelc Resitdrro
remain, ip the peutral positi,qQn. Therefore, the size of e fl orifice of
[ he poEREREs LaR, LR trenem T badl K0 cRe . ABFaERnPRRLTRLLER il Y means O
addi ti u ul -f,Low t hrough the solenoid coils. Referring next\
to Fid%?gégé,ééﬁg%gfi%§§§o&k'a fifthgenbodinent of the flom1conbrolgvalve\*¥

of Lo Pt esfiiha] NYENEhANbeS c8HOMBY Befuiitd a3F.1 ddiChford it MORSRE, P o°

operated valve piston cou rotary Vv syst em

val ve tR805biehedes @oROr 1 7RULYdELAA 1 Ak LeiBheh] A RARTI WAL hS Pt REs
line 281 is connected by conventional fittings. The port bushing 282 is in .

threadgfl engage@antlon tvhidk Yal tarhodl Edr appefieabed cllideiest Aty peppst Of

Orings 283 and 284. A plunger 285 operates for novenent in the axia

di r ectvabvas farmedct bpnthe {doppeteshead Vii4i andhéhepevaliveigsebainiier4 286. A

positive pressure pulse will nove the plunger 285 down fromits central

posi t i corwkébendinggdinacenerealr moyementsg.| | Fhe ineepruption28F uplévom .

its central position. The | ower end .of the plunger 285 is coupled to 49 o’
through the coils 176 and 177 allows the core 179 to remain in

the neutral position. Therefore, the size of the flow orifice of h
the poppet valve remains in a position stable cdnfiguration until
additional current pulses flow through the solenoid-coils.

Referring next +to Figure 3E, there is shown a fifth
embodiment of the flow control valve of the:present inventidn.
As shown in Figure 3E, there is a pressure pulse operated valve
piston coupled with a rotary valve system. The valve 280
-includes a port bushing 282 into which a.pressurizeﬁ control line
281 is connected by convéntibnal'fittings. The port bushing 282 'QJ
is in threaded engagement with the'vaIVe'body 280 and sealed

- thereto by means of O-rings 283 and 284. .A plﬁhéer-ZBS operates
for movement in the axial direction as a function of the pressure
within the operating chamber 286. A pbsiti&e pressure pulse will
move the plunger 285 down from its central position while a
negative pressure pulse will pull the plungér 285 up-froﬁ its

central position. The lower end of the plunget 285 is coupled to
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t he upper end of a cam sl eeve 182. A stem extension 184 is encl osed
within the cam sl eeve 184 and includes a pair of axially spaced,
circunferentially extending recesses 185 and 186 which receive and all ow
movenent of a pair of dowel ‘pins 187. The upper end'of the stem extension

184 has @hei Lpped &ad Y¢ ya'e@a%défgiggamlfg d%"’h% '%‘,mia”%tn“eg:[%ﬁgoar{ AR is

downwardly facing outer edge portion a

fornmed tdiedrewed AR tRPRMtREUESH s168v6 189 Lng! YHESud se_'aoglgifr? otf“%%.i?arllm

shaft which is journal ed upon the stem extension 184 for rélative novemne

i n bot h, spacedy ecaricnfediorild10V5 . extdh8i HEP Hecttb el 188 dndeisgeChilich
sleeve -190 includes a circular radially extending flange 191 which

has an wAweiNe dadiall owtmovedgetpoft aopal®2ofi Abweddipdnky 18%t endi ng.teet h
ther eon. Wien the radial teeth in the downwardly facing edge portion 189
of the stem fkendirney | gnde efigeheg8stapagextémsionli 184 ebhb ia tdieccular

upwardly facing edge portion 192 of the upper clutch sleeve flange 191 the
two part=® Y oBEtRBRAiRg £lagmge i1P& Hehich cimelvdes al downweriddy. facdng n
ot her enbodineQ%f the teeth are preferabl%%gn | ed. Wien the two sets of

r adi al t%‘é‘f?!rart 462 POF % &ﬁé affbtRertadi ereRteAing | darth oFanmnads
PR TR e R AL -
Fraft SRt Skl SfouBap haeulIcty B0 LRR"oRE g B SHHS Sl
QNd  Of rdiehNEr 16l Wdth SELEYEmEdPdntPal directions. The upper end of
. the uppéi clutch sleeve 190 includes a. circular radially
extending flange 191 which has an upwardly facing outer edge
portion 192 with radié.lly extending teeth thereon. When the
radial teeth in the downwardly facing edge portion 189 of the
stem extension flange edge 188 engage the radial teeth in the
upwa;dly facing edge portion 192 of the upper clutch sleeve
flange 191 the two parts move together as a unit in the
circumferential direction. As in other embodiments, the teeth
are preferab;y angled. When the two sets of radial teeth are
spaced from one another the upper clutch sleeve 190 moves freely
about the stem extension shaft in both circumferential
directions. |
" An identical lower clutch sleeve 193 has an elongate tubular
shaft which is journaled upon the loweerortion_of the stem

extension 184 for relative movement in both circumferential

directions.  The lqwer end of  the lower clutch sleeve 193
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includes a circular radirally extending flange 194 which has a downwardly
facing outer edge portion 195 with radially extending teeth thereon. The
| ower end of the stemextension is threadedly coupled to the upper end of a
stem 196 and held in secure engagenent therewith by a set screw 197. The

2 angEPAMRRSP of oELERH ﬁecﬁgaégég o e {REng, £} 88q5' T4 nRER o G0N

16
Choui AP YRttt “f%d%%‘-%ﬁ LR A o T e
radi al kyeght %B@'r%nt eelphe 10M80 ddie wdmé 4 €&h rb;@éeﬁ&eoﬂpwréhyseaaeamg
edge portion 199 of the stem shoul der 198 engage the radial teeth in thé

downvwagdupleaci 88 etlge pEPdON ehdS of tde dummer 10butahasimane filmngecude \_/

the two parts, along with the stem extension 184, nove together 4.n the

Ci r cuneeyagementditletewith \\bgn & heet wocsews 1687.r adllaé Lewelr arel spficttie
fromone another, the lower clutch sleeves 193 noves freely about the stem
ext ensicem shbeeven It h oyiexddiefser masktalofli ithet i vkem A8G | §hdg inglndes a
journaled upaon the _outer surface of the tubular shaft of the upper
cl utchl§F’6é\Fé‘dmlarse1%ﬁ dfgembdih drinPRRR, 2k EbRt dioWRLRED2tandes e iiRer

Fecei vERS: Aerein Rihel o8 ongFPRGIRRSE Sk G HiP o TR 2645 Aee hé“b&%céﬁegve

an aperPELLY EAIHER S ReHEET 188 “TEECRELPrEides BB BEREREY, RarRiM n

and '”%%ﬂé%aéﬁﬁ@rpéﬁﬁ§§ﬁ %%%'éﬁéﬁerﬁﬁﬁgl§§ extending teeth. ~When the \/
radial teeth of the upwardly facing edge poftion 199 of the stem
shoulder 198 engage the radial teeth in the doandidly facing
edge portion 195 of the lower clutch sleeve flange 194 the two
parts, along with the stem extension 184, move together in the
circumferential direction. When the two sets of radial teeth are
spaced from one another, the lower clutch sleeves 193 moves

freely about the stem.extension shaft in both circumferential
directions. -

Overlyingl and journaled upon the outer surface of the
tubular shaft of the upper clutch sleeve 190 are an upper_énd
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 longitudinally extending slot 204 .in the cam sleeve 182.
Tbe center drum 292 ingludes a. dowel pin 187 which extends

thrqugr_l_ an aperture in the upper clutch sleeve 190 to rigidly

connect it therewith and into the upper recess 185 in the stem
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extension 184. The |ower end drum 203 includes a dowel pin 205 which is
received into a central longitudinally extending slot 206 in the cam sl eeve
182. A helical clutch spri-ng with left hand w ndings 207 overlies and
engages the cylindrical out&rfsurfaces of both thé tpper end drum 201 and
t he upp | 0N t he gg.entiel.. 0] Il 1sar. l.cal Lch .
with ri SEE]}'E a%id&em gg‘i"ngs %8 lgﬁa% :Jé(;%&aéﬁu@ng%gglesﬁ{cﬁgggﬁ %\d(ﬂ)'g%f 83?’ erzib%
surfacespfcOoll Ihedived €R€odTdNEERBrald 1ldiyituimaNalY | SRcohaihg GaYer
drum 202. Overlying and journaled upon the outer surface of “the
t ubul ar : 3¢@f £ nOftHehecamWell eghiat CIBE| eere HEB @4F 8DubBRCs pIthglr Wit R0 e/
center drum 210 and a |ower end drum 211. The upper end drum 109 incl udes
dowel hami 218 nélirgys | 07eceveeliént cande etrjrigeal thagidyldinttil gakX xiodizng
-0t 206 in the cam sl eeve 182. The center drum 210 includes a dowel pin
187 whi cduefkaeerisof hbothhthe appetrureand rdxure 20lveand| thehuppeevpotiono of
rigidly connect it therewith and into the |ower recess 186 in the stem
ext ensi ofha gaenteredrymer0@nd dy FHMIRY Meelidesl achebeh ppning3wikhe triight
received into a | ower Iongitudinally extending slot 214 in the cam sl eeve

182.  AeR{| ¢HREngch 208 | AYeHL 1 B8 | ARd h&Rgadesdi RRe o8 iRdricak avrer
th | i ndgi sur faces, of bot he er end drum 209 and
The Uppei BERs o BoFR EbR: dpvmmRPs Girum 0] nindr e FoupECPREER o it
with a r{ t?agggrmﬁggﬁngo 16 overlies and engages the cylindrical outer
e

surfaces 0 OWET Tum 211 and the | ower porti'on of the center drum
A9 52 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
end drum 109 includes a dowel pin 212 which is received into the
- central longitudinally ektending slot 206 in the cam sléeve 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
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 helical ciutch'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
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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cal coil spring 217 is conpressed between the radially extending
d end of the ower end drum 203 and the radially extending flanged

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

pin 200 in the upper end of slot 204 and the teeth on the upper

f th t er. edge, portj.on of upper clutch sleeve 190 in driving
Pont i HISHE AT TRPHRY) 202, P8 rPRREeron Beteen Sige madiAlan

PR P08 ona, B chl e o] T 00 A0 (SR BB a g

e outer

By EDEnguhclo sl 98D Und Vppde Yol Mi?S0o! L' Fe MRS AP

vi ng engagenent "'wth the te e upper surface of

rEche 0bf t 8prehgM196 hawveKd aBWEIERLn0R200048 Phd 389\%&': :elé'ld of \_,

age the upper sets of teeth on edge portions 192 and 18! l'e
Glidte 20demnsetthef téeehh i ENgeuppelr Werfdde apd IR | SudblVidie

ment with one anot her. Simlarly, upward novenent of dowel pin 213

inEgaare 1% ¢bDwppesetclotchesléeva td0einodriovnaglehgagembdt Waitle
thgm;p er sets of teeth on edge portions 192 and 189 in driving
%&ﬁ ¢

ofR £het RevweRrsurfacr) of i they ouder @dds phetionan 89e ceen

e cam sl eeve, 182 overlies and encloses the spring and clutch

SRR eXtenpianféde.

Sheilpphy. stbe bdasimg: foxraen eof capring? 2¥# ch

|, pin 200 i d di d to the left while the
HopaS 1 BRFT adhel, el S 485 < lveruspll @buBHop 713808 AR ed
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lower clutch sleeve 193 in driving engagement with the teeth on
the upper surface of the outer edge portion lég.of the stem 196.
Downward movement of 60wel pin 200 will disengage the upper sets
of teeth on edge portions 192 and 189 while leaving the lower
sets of teeth on edge portions 195 and 199 in driving engageéement
with one another. Similarly, upward movement of dowel pin'213
will disengage the lower sets of teeth on edge portions 195 and
19§ while leaving the upper sets pf teetﬁ-on edge portions 192
and 189 in driving engagement with one another.

- Referring briefly to Fig. 7, there 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 downwardly 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
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212 extends parallel to the longitudinal axis of the sleeve 182. As can be
seen fromFig. 7, the increnental distance in..the circunferenti al
di rection by whi ch the upper..and | ower ends of thestower slot 214 are
separated fromone another is slightly greater than the increnental
di-st ancgy 4 newen&srgu%ﬂ%at_lt@- tHd erdh@iehyi Mbl chxl Beo¥PRede abdwyeiggnds
of the upper slot 204 are separated fromone another. As discussed above,
this fead ucanal bag sddh tthemal Fegnati,vetheatinierehentiplistdintdniee simpkenaf
the cam sl eeve nmay enabl e sel ection of the size of the valve flow orifice
in veryinahfereneheht diglectdlore ap whilchbether uhperexsidai hewepelegwis - of
Myvenent of the cam sl eeve 182 upwardly, in the direction of arrow 220,
causes e dewer pir081do 3xe | srpexatedot foom gme ramethercdst 9 bhehtilyy
the cl ockwi se di rectlon | ooKi n%?down Such nmoyenent of the cam sl eeve

|182 m\/%%e%ﬂ;]%r?&%n pi ?13“&&%% p&rqq% 4Buethp rplﬁ%eiu%ﬂr?ﬂﬁlal
t 19 t
pé‘?f:rorélﬁé? iﬂﬁ%ﬁg@&& the 5B Sen%ﬁ?fﬁ@ﬁ@%ﬁ@f :9(3“; % HRTE BERE 200
193 18
ﬁm\e/esmt,\%ré g%\lljé e e pﬂ/‘é‘?df"g‘\l\%&eﬁal n?‘gs #”t Ol?é‘lst(?o%prags\?dn Vﬁl? hé g%'rlrﬁg
217 m'&foﬂglvgftﬁh€h8p fLesfibii E RS t&r%nm&cejre tlé&x%gﬁ:ﬂéggs@wkéggf' Ehe

drivi ng engagenent one anot rcu venment t he dowel
pin 200:4Mp Tsﬁ%e%'eo%é(‘&S%n‘i'ﬂl"e‘?téé’ﬂeéﬂﬁoh”@fe%aEinStc?flcﬁth whivd ebgw
upper and | ower ends ' 0 204 are circunferentially displaced

from osei £06éNam vékfjo d’:ﬁ&]@t esinb&e:mém%r é8d vilu8 2838 tWIrYLghe heuganerS4
explainéd. bel ow.

Movement of the cam sleeve 182 upwardly, in the direction of
arrow 220, causes the dowel pinl 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 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 sleevé 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 teeth on edge
portions 189 and 192 in driving engagement with one another.
Circumferential movement of the dowel pin. 200 in the clockwise
direction the incremental distance by which the upper and. lower
ends of slot 204 are ci.r:_c,umf_ereni::i.al],.y.f _dis-pl_aced~ from . one

another, also rotates the upper end drum 201 through .the same
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i ncremental distance. “Rotation of the upper end drum 201 causes the |eft
hand wound spring 207 to grip the center drum 202 and rotate it which noves--
dowel pin 187 and the upper clutch sleeve 190. The right hand wound

spring 208 slips to prevent rotation of the center drum 202 fromrotating
the | ower end drum 203. The_dryvin%fengagenentzbetmegn the teeth on edge -
porti on192eBeNtRheALELARER- 5| ARSI N Elgeupperi end18guof 20l cawses

t ' 184 d _ repgent gl rotation of the stem extension 184
and t he-B% e T8 RAFARG { SPELBG, H0Ty tO BELR: e ARV SAEWPLGO cudes
the dri baft.1Q9 .and I r valve plafe 121 and changes t effective
low origrabe e Wil adVed PaGLeY SYR et tand ‘bt urnpeagﬁioeéaﬁ RhRRER

f the - I kT tr . iddON, 14 0 _i Q. .7, 1S W
P oducer by o gty Aond RolS! bHain 408 ler S0 Ho Brevdnt o faston N\
dovel pof PHS VBhEBr' 86GAN20LS FrBa FoituitRhCRIRIE Tl REIAVRENL f?;%é.owﬂfhe

clutch sl eeve 194 and the stem 196. Ret urn downwar d novenent cam

sl eeve dB2vihgoengagenertvbetiean2@fet ekt Of dage Ritiddtl Db aAnghoye
circunferentially an increnental distance in the counter clockw se

directi@hutChoekbageddﬂn.anaagﬂgenpﬁrmmﬁnoiapiaf26ﬂerQt&hﬁ%ﬂﬂ&h&ﬂﬂ&flsmd
drum 201 but, because of slippage of the |eft hand spring 207 the center

dr um 2Rredeces oy dingxenenitahe roppéionclaf chhesisdene ex©nstlons 18wWtand
rotate so that the stemextension 184, the stem 196, the rotary shaft

109 andtRPestipBerl8fhaite phick it2iis cparnlefer e Rokgtinn cofnthehs tamwl 96

i fi IS not, changed. 55 . _
Contr0|r8£éLégethe rive s:é%t 109 and the upper valve plate 121 and

changes the effective flow orifice of the valve an incremental >
amount.

Return downward: movement of the cam sleeve 182 to its
neutral position, shgwn'in Fig. 7, is prdduced'by thé bias of
spring 217 and causes downward movement of the dowel pin 213
which reconnects the driving engagement between the lower clutch
sleeve 194 and the stem 196. Return downward movement of cam
sleeve 182 also causes dowel pin 200 to follow the upper slot 204
and move circumferentially an incremental distance in the counter i;
clockwise direction, looking down. Such 'mbvément of pin 200
rotates the upper end drum 201 but, because'bf slippage of the
left hand spring 207 the center drum 202 does not rotate and the )
upper clutch sleeve 196"'does not rbfate"so that the stem
extension 184, ‘the 'stem 196, the rotary shaft 109 and the upper
valve plate 121 remain where they were aﬁd ‘the flow control

orifice is not changed.
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Simlarly, novenent of the cam sleeve downwardly, in the direction of
artow 221, causes the dowel pin 213 to follow the slot 214 and nove
circunferentially in the counter-clockw se directign, |ooking down. Such
movenment of the cam sl eeve 182 noves the dowel pin 200 downwardly which

- putls dowel pimil8713nd hdeeh@REr oF UtRE Jea€Velé8Qedaydiwanstalyo dirsepgade
the upper sets of teeth on edge portions 189 and 192 to allow stem
ext ensi dhrédtiba raft abderowt 2Z1gspenisésd the dopel (PincRi3l eeveEdow the
Downwar d nmovenent of the cam sl eeve 182 al so noves the dowel pin 205
downwar8l9tt 02 ki nead n ndwe c eipreswsfiegrerdil ey spm nghel 7codmitérhol dekwhee
| ower set of teeth on edge portions 195 and 199 in driving engagenent
with oftdreskdoRer 19k Aowm: i al SHehefioNemgnt hofddite FRA EBiRevet A82
cetinter- cl ockwi se, directjon_increnental distance by which the upper_an

d
| oner  eRG¥SHr AN RIP F9CAPERRAFALY| YhdrchyPiddS R0 AnbBhepnd
I I d 2 th h t ' tal, .dist .
Rotat] ofB8T WHEST o iR eey B eRTe 1 0 AP REF YO ﬂééﬁgrgﬁaastdﬁ n§PEEE
! t 0 > . : ’
| ower oPSEE, BR.cbeShHY 6 Se | BAtEohe SHET HRES ST o B0k 36, Blige

bor t1 0Naxtensdon OMFY €6 UERRatLMAT 106k fOGK 00 LR gLl % BLch Gy BLGE

196 produces an I ncrenental rotation o e stem at1on of
stem 1969not at gowriRxd | Hévehaht ¥ 8Rd tdim UuppeevEal M2 Pheake ldvé'dthe

changes the effective flow orifice of the valve an increnental anount.
Ret.urn dpweld pbuen2is dovnvarlp sikeeviaififaia itlhe n&idnpttedfion on the
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-
clockwise direction 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 causes
the right hand wound spring 216 to grip the center drum 210 and
rotate.it which moves dowel pin 187 and lower clutch sleeve 194.
The driving engagement between the teeth on edge portions. 195 con
lower c¢lutch sleeves 194 and edge portidn 199 of the stem 196
prqduces an incremental rotation of the stem 196. 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.

Return upward movement of the cam sleeve 182 to its neutral
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position, shown in Fig. 7, is produced by the bias of spring 217 and causes
upward novenent of dowel pin 200 to reconnect the driving engagenent -
bet ween the upper clutch sleeve 191 and the stem extension 184. Ret urn
upward novenent of cam sl eeve 182 al so causes dowel pin 213 to follow the

I I 214 nf tiall di th

cl 0ok BEPBe; PBRVR Gk T acm. 1® BECHUABIeRinEreT A 'zi a%‘és‘?g%xgszeﬁe

| drum 211 _but . b | ft

| over SR8, RSy ee eV Sh . U PRBHELY R 2Pl o MR B,
t t 1 t I

ol at ¢ 954 5138, difadcifen CELEdSen cife I%?%%ﬁ?%%m?@l@@?. CBQ.%F%& the’™

Changeeteht shandh he neued tRakukhe dﬂw:%ﬁﬂb%bméh%taé‘f?ecb& td¥Feeve 182 \_

circunferential difection by which the stem 196 noves in the

count epigbo@amises didwst i pin Rackitey £E1Iow | Ehé esaﬁa&esu@tamwvaﬁd move
novenent of the cam sleeve 182 will be slightly greater than the

i ncr emefraumfiexteatdalilly t len ci incnérertél al ddstaatieon iy wtheh theckidmel 96
noves in the clockw se direction in response to a downward novenent of the
cam sl déwectilons |kodletagisdowh. t heSuehgmoveinendy emtepin JAldhtrergtes bheeen
slots 204 and 214 fromthe axis of the cam sleeve 192. This angul ar

di f f er doverereid e§ram 21l yOutncrhepanss abyedddmpaas afr $her yrght e hamef ¢
109 which are as small as the dlfference bet ween the two circunferenti al
novene APELNG t LS o ffssi P%nHFFecq"f‘H‘i‘ls O S’k POE KRLAtSefnd the lower

| i.sh b ' di f ol | d ;;
el oot B4 WMok 8P VRoVkiEnESern THE GRIOT oo rERtForhernatey 1967 the

rotary shaft 109 and the upper valve plate 121 remain where they

were and-the flow control orifice is not changed.

It should@ be noted that the incremental distance in. the
circumferential direction by which the st__e-m 196 moves in the
counter-clockwise di'rection, looking down, in response to : an
upward movement of the cam sleeve 182 will be slightly greater
than the incremental distance in the circumferential direction by
which the stem 196 moves in the clockwise direction in response
to a downward movement of the cam sleeve. This is because of the
slight difference in slant angle between slots 204 and 214 from
the axis of the cam sleeve 192. This'angular" difference enables
effective incremental movements of a rotary drive shaft 109 which
are as small as the -difference between the two circumferential
movements in the opposite directions. Selective adjustment is
accomplished by one or more movements in one di'r_ection- followed

by a selected number of movements in the opposite direction. The -
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ef fective nmovenent of the drive shaft is the difference between sum of the

I ncrenental novenents in each direction. The |ower end of the stem 196 is
-mounted into the socket end.251 of a rotary drive:shaft 109. The rat chet
housing 180 is threadedly engaged to a bearing housing 113 and seal ed
thereto by nmeans of an Oring 252. The rotary drive shaft 109 is nounted to
a bal | Sééﬁ%."ﬂ?‘m%nt sOleltdrs rApbeet FbaLby dsustheagdifenndce betaiorar

ring 115. T ushi ng 116 is-smounted at the upper,end of a rotary. port sub
117 whi &MY ??%dﬁﬂ%ﬁm%imvﬁm@w%mk? %ﬁﬁﬁoﬁli’ﬂﬁtbémi ng housing 113

and seal ed t re_tl%vpé/rrre the rotary
drive shaft |

. fo.a Ori 3, The | : d
e, TR o 155 P Lo L 98 by mourCadni B0 She B cheinsy
2 i I 0ly Qi 22. L cal..cail ' 7 bi t : _
R 1ot 30 VAl ve ol ATe o ReteR, ALY S oD, TOuhe PRCRiEe  MBnRRE £86°40

stat | ondhi ket yPldHdudeld o /b Pl Al hd Yndhs PAENPI9NEHEY 5 dbiRASELLERN by

I ntake ports 131 are Torned 1n the sidewalls o e rotary port su

are in fednd eEMAMiCaiR) 3830 BaEhAGPREY 1321 ¥BT §haf¥Cibbesst RBuneld Yo
val ve plate 121. Alignnent of the flow control ports 134 in the rotary
val ve pleatall?besiting el d lvivi clonig chePOrif peditiohhByshakhohgr ¥ 162kvd a
plate 123 allow fluid flow through the flow intake port 131, the
chanber ret3d ey tinouyh5t he Thet crustiipnsshgenay mbdntledaditngthé® tppesXiehnd
opening 137 at the | ower end of the valve. The exit 137 opening is
| ocat ed ot & hEotawkr Pesd euka bbl t whichbis2&hasadiedly. téngagliong athé0d ower

al | ,ow engagenent. with other couplings. 58 : . .
e end” of the bearing housing 113 and sealed thereto by means of a

- -, 0-ring 253.
The lower end of the rotary drive shaft 109 is rigidly
affixed to a rotary valve plate 121 by means of a spirol pin 122.
A helical coil valve spring 127 biases the upper'édgé'dflthe
- .rotary valve plate 121 into shear sealing engagement with the
_Stationary valve plate 123. A plurality of orthogonally diSpééed
flow intake ports 131 are formed in the sidewalls of the roétary
port sub 117 and are in fluid communication with -a chamber 132
. which overlies the rotary valve plate-121. Alignment of the flow
control ports 134 in.the'rotary valve plate 121 with the flow
control ports 135 in:the stationary valve plate 123 allow fluid
flow through the flow intake port 131, the chamber 132 and
through the internal passageway 136 leading to the exit opening
137 at the lower end of the valve. The exit 137 opening is
located at the lower end of a bottom sub 126 which is threaded at

- 105 to allow engagement with other couplings.
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As can be seen, the application of intermttent pressure pulses into the
chanber. 286 by neans of a pressurized fluid, such as a gas, flow ng :
t hrough the conduit 281 produces vertical novenent of the plunger 225 and
therefore vertical novenent of the cam sl eeve 182. Vertical novenent of

the cam sl eeve 182. as expl ai ned above, causes .rotational novement of the -
dowel pins 390 GAR De3 sReBsENG FPRLLGREI AR &f i bRtEFrMitSeRt RTanEuUTe,

100 BELERH AR5 HRS ERAsBRS: Y St AR Bl lod 1By b ol v
. ] e t ti |
T arad, Y Ger Okeiba iy VEnBLELE [ede MddhdiPCak OpkRANELY, G0REY KR! Ve
L | 5 t o Pk t \
557" YndPoEnt UL L8 DIridls PRI D ahdd ML SLEERBRY MREBLO Br N
val ve ghéf baR- s1kevidha dd.f t hye £pDosl MRBYeme8BOWE the FHalflecdfe 18bPErgs IS

no absolute position indicator for the valve shown, although one could be
provi defpl ai fedi kbbviehe cavisdis Frtlatiaidl atbvdmddte off i tige sdiewvél 1pDnsr 20be

stem extensi on 184. However, each negative pressure pul se through the
condui 4n2821pr becees enaferohet cemniivgy @Eattigm 2B Xoten 204 canér 2U4pdai taan
in the upward direction which produces rotational novenent of the rotary
val ve plaewelAB3 ntharedyr coxodmcimg | ofath opadi tnoeepertsofe Hhe syotary
produces novenent of the plunger 285 in the downward direction which
produc@¥ivet alPln of BREFatdeRy okl e HLEasy idrive opPdsi PECdPFEsti 8n. - -
The nunber of suyccessive pressyre pul ses and their. po Ity could be. - o’
Toni { oF BRe kAT SO BN o i AT L BHYP (1L 8ES ehib i u thntagpect to
the stationary valve plate 123. This changes the alignment S
between the ports 134 in the rotary valve plate 121 and the'ports
135 and the stationary valve plate 123, and therefore, the degiee
of fluid flow which is allowed through the valve orifice. In the
fifth embodiment, shown in Figure 3E,"there is no absolute
position indicator for the valve shown, althouéh one could be
provided to monitor the rotational position of the ‘drive shaft
109 or the stem extension 184. However, each negative preséure
pulse through. the conduit 281 produces movement of the plunger _\J
285 from a centered position in the upward direction which
produces rotational movement of the rotary'va1€e'plate 121 in one
direction while each positive pressure pulse produces movement of
the plunger 285 in the downward direction which produces rotation
of the rotary valve plate 121 ‘in the opposite direction. The

number of successive pressure pulses and their polarity could be

monitored and a representation thereof stored in a register in =~
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the surface controller 30 to provide a continuous indication of .valve
pesition with respect to a calibration reference point. If gas is used as
the pul se transmi ssion nedium fluid density wil]. not be a hinderance,
however, the use of gas greatly slow the operation“of the val ve. | t

shoul d ghg0ghe rander sdREFol 1@k B0 tP B FN 1 dd NES cBRe1 Au aﬁb-'i%gﬁlﬁéﬁdg%rpiéfon

coul d be used so the actuator woul d not be depth sensitive an

oper at i 981 weUpdsheibastarih. BRisYddtN &AW dal ifbBitim e fd1vird sy a
si xth enbodi nent of the flow control valve of the present invention which

i ncl udes a pIfssgas pid SasaeX uasorthed pulsen- tiranagisséonpopediunypefiaide
fl ow control mechani sm Referring to Figure 3F, the valve 280 includes a
port buéahagtegRilit mothikeh & dhiguigitantea fravaven pllsaidsd mf Zpis dyeatly
Bushing 282 is sealed to the valve body by neans of Orings 283 and 284. A
pl ungers?e¥ thepeperatiop & dthenvakinr wikthishewkd valee bedynderebpedse
to the pressure in a chanber 286 produced as a result of the_pressure

wi t hi n FRBTpAes fenttplelipre 20F a RUDIe\RFTLRY BESERR FOMGePogesed

rigidly coypled tp a_camsl eeve 182, by s of a lpck nut 183. A sten
extens) B PP | a6 ERAFEoa i Aot nbee ARDG RTRELGETe AR Gk oRpSRtion
pair o Pally, ced, circunferentially extending recesses 185 and 186
whi ch r%%g?éeign aglggﬁ/nnvenent of a pair of dowel pins 187. The upper end

Chi e oo MR b aseos BLEGHS sERC, Sl XUt S0° Spiy
Qé}endiaﬂbohgﬁ@&tf@f”ﬂﬁmﬁoflow control valve of the present invention
which:indludes a pressure pulse actuator and a non-rising stem
poppet type valve flow control mechanism. Referring to Figure
3F, the wvalve 280 includes a port bushing 282 into which ‘is
coupled a pressure pulse line 281. The bushing 282 is sealed to
the valve body by means of 0-rings 283 and 284. 2 plunger 285 is
mounted for axial movement within the valve body in response to
the pressure in a chamber 286 produced as a result of the
pressure within the pressure pulse line 281. The. lower 'end of
the plunger 285 is rigidly coupled to a cam sleeve 182 by means
_pf_a lock nut 183. A stem extension 184 is enclosed within the
cam sleeve. 184 and includes a . pair of axially spaced,
circumferentially extending recesses 185 and 186 which receive
and -allow movement 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

. outer edge portion 189 with radially extending teeth formed
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t hereon. An upper clutch sleeve 190 includes an el ongate tubul ar shaft
whi ch is journal ed upon the stem extension 184 for relative novenent in -
both circunferential directions. The upper end of the upper clutch
sleeve 190 includes a circular radially extending flange 191 which has

an upvaiillyediC! Nin ObgE - CPGLBR" £18ByE 9% o mcglaggg' % %itgg%git%g afghl.

t her eon. When the radial teet ownwar acl ng por

of the st axiessi D§ jbé‘ﬁ_ﬂ&lé&gﬁgé§8tﬁaggﬁﬁmt Beteagdidhn 18Ql Bd AdiGitive
upwardly facing edge portion 192 of the upper clutch sleeve flange 191

the twovements inDuwtH ogbibemfessntfalnidirddtidme Ci Mmbenf @i aha of

di rection. As mentioned above in connection with the other enbodi nents

of t he Yheneawpperi oglugchot slyeenst i oh9Qonimeludesised i pitealeal vendifalihe |
i nvention, the teeth in the various clutch plates may be angled to prevent\Sj
di sengRErRAM1 e HlendamilAd Hrigh Has hans|wweardly hdagdmas| evveragaigest

t he pins. the two sets of radial teeth are spaced from one anot her

. We :

the upRHrHR cﬂf’% eV D) RARLLY 1 eediapdint terEhst EheERPBNSi OWheRafthe n
bot h ci rc‘f.rrffr%nti I ﬁ%rg%p@s. An %ﬂ;ntic | |ower clutch sleeve 193 has

an el o et uBEPE! sHar i IPVREAT ALY n ZREA AT oI P e PREREP o} 89 oREofthene

t [ .f ' t t h,_,Ci \ tial ,
i roct oran Repizsoll Efaige (QdgRY PR sulabd loife" EHALSIC Yelty nipudite

[ | iy | d.endi fl : 194 | d d [
e, paRTERMEL EARRTC SR | BBZELOR! 102 ChAoRhR CONBNE, Surdf' WS
the stefl&xgension iché hreasledbaredunhdre L ocddOcnPPeraend, ofy g st 6p 19§, Andes

held in secure 61

circumferential direction. As mentioned above in connection
with the other embodiments of the linear motion to rotary motion
converter used in the valves of the invention, the teeth in the
various clutch plates may be angled to prevent disengagement due
to camming action by the slots in the cam sleeve against the
pins. When. the two sets of radial teeth are spaced from one
another the upper clutch sleeve 190 moves freely about the stem
extension shaft in both circumferential directions'-.--

An identical lower clutch sleeve 193 has ';n elongate tubular
shaft which is journaled upon the lower portion of the stem
extension 184 for relative movement iﬁ both circumferential
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 extension is threadedly

coupled to the upper end of a stem 196 and held in secure
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engagenent therewith by a set screw 197. The |lower end of the cam sl-eeve
182 overlies npst of the stem 196 and includes a |ongitudinal slot 167
which is open at the lower end to receive the dowe| pin 168. The upper end
of the stem 196 has a CI rcui 1. radially extending’ *Shoul der 198 whi ch
I ncl ud ; e U 0 99 h I e | g
teeth. e t%ﬁéra I al Q;Q,t cw%f tﬁgg'upwaregﬂ P?ém n‘ghtgdge&géo?t%éﬁ ?geqq*g
the stegamheildtare 13%2%8@&9119@ el !eeeéﬁel Btlehe flopnvaidl! ynboahee edge
portion 195 of the | ower clutch sleeve flange 194 the two parts, along wth
the stelnoryiendingll&dotove7 twBLéheisi bpehe 4 renef Poweti ehadideeidddtve
Wien the two sets of radial teeth are spaced fromone another, the |ower
ct ut ch sheedewel 193 nnl\6ds fﬂﬁawmmten&eoﬁteheestensu&ﬁ sttam‘ ta igi dmitar
\circunferential directions. Overlying and journaled upon the --outer
surf aceragtalhg eybendinghghoudfierhd 9§pwdd chl dine udlesevan ryvandd varfagsipeg
~end drum 201, a center drum 202 and a |lower. end drum 203. The upper end
. drum ZOQ“F‘HEI 6498 PATHDN pi 9208 thhiradtiiad Lo RrvRRA M ot ﬂﬁtbppe hen the

| ongi t udi ext endi sI ot 204_.in fhe cam Ieeve 182 center drum
202" noFHIbeL £SO he MERRELY, EATLRG-CRHPoHBRAARaBdS: o TP (R

1t ther th and in

| 190 th
D < CAGST Sfﬁe o congpdel fhs Far2aio teotn | 15 TS "ol SR a0y adRS"
d | 0 i | t
dovel 0L8a20%aMUilh | posoet! \oth 110002 G0LEA! J ‘é{%q‘sépﬂ%yﬁ%eﬁ?‘%
‘Q/nd' NOSarel/ @MYdd eﬁltﬁ”@h@"m bReeh¥libRdrig®l MNET tBdether in ,_'Lhe

c:.rcumferent:.al direction. When the two sets of radial teeth are

spaced from one another, the lower clutch sleeves 193 moves
freely about the stem extension shaft in both circumferential
directions.

Overlying and journaled upon the outer surface of ‘the
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 longitudinally extending slot .204 in the cam sleeve 182,
The center drum 202 includes a dowel pin 187 which extends
through an aperture in the upper clutch sleeve 190 to rigidly
connect it therewi_th and into the uppexr recess 185 in the stem
‘extension 184. The lower end drum 203 includes a dowel pin 205
vwhich is received into a central longitudinally extending slot
206 in the cam sleeve 182. A helical clutch sp_ring .with: left

hand windings 207 overlies and engages . the cylindrical outer
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surfaces of both the upper end drum 201 and the upper portion of the center
drum 202. A simlar helical clutch spring with right hand w ndi ngs 208
overlies and engages the cylindrical outer surfaces of both the | ower end
drum 203 and the |l ower portion of the center drum 202. Overlying and

j our nalge@-£ MM of NBotRULRE g?B%&aQ a ﬁ&uﬁrfbﬂl&ﬂﬁ?ﬁh%?ﬁ%#s?ép%%ﬁié\M%f .

clutch sl eeve 193 ‘are an upp end drum 209, a center ower

end dr yhe?ldendde @pomr 2000 dauRikE9 ddldidesmin SQyedn pégrgﬁa WRkksh Aignte
received into the central longitudinally extending slot 206 in the cam

sl eevehbhid Whaddenfser 20Bunovdfiies! udss endayeb Ptie 1&&1HEH e3d eRiiter

t hrough an aperture in the lower clutch sleeve 193 to rigidly connect it

t her ewsturfanes md both| ther lpwees en@8Grum (203 =Hredn the echowen pBétiobhodf

| ower end drum 203 includes a dowel pin 213 which is received into a | ower \_/
| ongi t FdenAgntext@ReMng03 ot 214 in the camsleeve 182. A helical clutch
spring wwth left. hand w ndings 215 overlies and engages the cylindri cal

outer surfaleTkYiRI n ?% UPRRFRRIRE driiRRR 0 Bthd A LpFerrffne | aif ofthehe
cont e S O maes” A ERE ISR 21 G SR 44 B D e
Lover 4 714 RHCHcd Qi O, Lol RSN Om N
e o e, S 4 G0k, ) P SN A0 ORGCBISR shie AR
t he UM%ﬁhﬁ¥Hicﬁo§§itudinally 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
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 helical 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
center drum 210. _A_similar helical clutch spring with a right
hand winding 21§ overlies and engages the cylindrical outer
surfaces of the lowé; end drum 211 and the lower portion of the
center drum 210.
.A helical coil spring:217 is compressed between the radially
.extgnding_f;anged epd of the lower end drum 203 and the radially
extending flanged qu of the upper end drum 209. The biasing

force of spring 2;7 holds the dowel pin 200 in the upper end of
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sl ot 204 and the teeth on the upper surface of the outer edge portion 192
of. upper- clutch sleeve 190 in driving engagenent with the teeth on the
lower surface of the outer edge portion 189 of stem.extension 184.
Simlarly, the biasing force:of spring 217 hol ds thesdowel pin 213 in the

| over enfoef 29lotard 4+aRd ddieet e8hh thd t%é@%ﬁr%ﬂbéa(‘cﬁf ofnkhedLr ea%e
portion 195 of the | ower clutch sleeve I n driving engagenent with the

teeth opoiBeotipRer B LppR rOlclite 0 WlNeRINDAN iayl vity nddgenént) ¥2€h
Downwar d novenent of dowel pin 200 will di sengage the upper sets of teeth

on edgether tieeth kAY il 18Revhsheflacaviofy the duver edge gortdedm L& edfe
portions 195 and 199 in driving engagenent w th one another. Simlarly,
pwar d sbesmextessidowel 84i n Bixikddlwli dehrydokasing| farces@ls swringt B1ldn
gdge portions 195 and 199 while |l eaving the upper sets of teeth on.edge
porti onBoids éﬂtﬁ 189vRh @iwi Réj%ﬁg}hgﬁgé foerh eRd gfotHert ﬂéf“er?’i“%gthe
briefly to Fig ,. there can be seen how t he cam s| eeve 182 over angﬁt
encl osekepkd §-;5‘r '?EF aheWer uBukt ﬁﬁ@hé’fﬂ dhe RLLST b8 gﬁb89§tl°‘f’nel%$) ef &
204 in the cam.sl eeve receives. t he dowel n _
domnmar&PV eZnFiHF $he f%??emﬁs e tthe f%N%ﬁgs?B?aQiﬂgnﬁ ghbéﬁgégéggghlgf
which r o 2 a t r t T
central %ﬁgo;@%&% é%a%ﬁ?s %%vgg{ﬁg V\Epghgk%ggp\gesﬁgf)v% %ﬁss%ﬁ‘ H%(?
212 ext ﬁBQéwQ%?'nloQ}enﬁé}xE h&f'&BGiai“?iﬂaboéxﬁﬂf iR R RRY e HS 2y yfa percarthe
seen fr he 1 ncrenent a stance in the circunterential direction

by whi cRst h.?eé’iﬂpe bnanéhééw\%br%@_%s()f 19heahawars s lwii Pd 41 8aei ngepehét edwerom
oné another is slightly 6

; sets of teeth on edge portions 195 and 199 in driving engagement
with ‘one another. Similarly, upward movement of dowel pin 213
will disengage the lower sets of teeth on edge portions 195 and

- 199 while leaving the upper sets of teeth on edge portions 192
and 189 in driving engagement with one another.

Referring briefly to Fig. 7, there 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 downwardly and to the left
while tﬁe 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 p#rallel to the 1ongitudinal axis of the sleeve 182.

" As can be seen from Fig. 7, the incremental distance in the

circumferential direction by which the upper and lower ends of

the lower slot 214 are separated from one another is slightly
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greater than the increnental distance in the circunferential direction by
whi ch the upper and | ower ends of the upper slot 204 are separated from one
anot her. This feature, along with the alternative feature descri bed

above,
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dowel size2dZ theandilywe flad nbad fii ¢del movpressimahl ohnelremeptsngf2 ¥alwe ch
hol ds t he upper sets of teeth on edge portions 189 and 192 in driving
engagex®nvi i t heofivrgherhexplainednbedom: i al novenent of the dowel pin 200
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upwardly which lifts dowel pin 187 and the lower clutch 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 teeth ‘on edge
portions 189 and 192 in driving engagement with one another.
Circumferential movement of the dowel pin ?00 in _the clockwise
direction the incremental distance by which'the upper and lower
ends of slot 204 ére circumferentially displaced from one
another, also rotates the upper end drum 201 through 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 end drum 203. The
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driving engagenent between the teeth on edge portion 192 of upper clutch
sleeve 190 and edge portion 189 of the stem extension 184 produces an
increnental rotation of the,stem extension 184 and.t.he stem 196 to which it
Is coupled. Rotation of the 'Stem 196 rotates the’ drlve shaft 109 and the

upper vérieipotendiiensntt agiesn thite efdett i e Sdgavisortier 002t BE vppye
an increnental anouint. Return downward novenent of the cam sl eeve 182 to

i ts neurchaitciosili¢eve t9%0wandnefigg. portionpiléducdd the tdicemi estehsspni ng4
217 and causes downward nmovement of the dowel pin 213 which reconnects the
dri vi ngPERSRFEfe N N béngeemeniall ovetation chfs|itheystiom angensson ch496nd

Ret ur n Qﬁé@ rd ngggnent of cam sl eeve 182 al so causes dowel pin 200 to
fol | ow f \ALI%)%‘P t OFRIRR nbYel8i RAEent | BPEGLAAD t?cfré?%t%t?em 196

St AnCS el EREMEN o orkukE® 1l oA OB \GRDSLIRND. oy SRCh; fpVERE
left ha%@xaﬁ-@é}é%%ﬁﬁ%7e@}%c&§%€r Pé#nbgg %gghe fnoirlhé oLai ¢eand, agﬁcggﬁgn&%m

clutch slee oes not rot e SO st em extensi on
196, theugdmry shaft 109 and the upper valve plate 121 remain where they
were so that the flow control orifice is not changed. Simlarly, novenent

of the cam siraMgrslowmiaiviliig indvidierd ' 8¢l i @ReOfcath ! WY le GBISCTS N ts
dowel pin 213.to follow the slot 214 and nove circunferentially in the

count er nehudadi spodi t£6hj oshdwaoking Fidowny, Stish pro&kssd By the Ceias! eeve
182 noves the dowel pin 200 downwardly which pulls dowel pin 187 and 66

\_ spring 217 and causes downward movement of the dowel pin 213
which reconnects the driving engagement between the lower clutch

- sleeve 194 and the stem 196.  Return downward movement. of cam
sleeve 182 also causes dowel pin 200 to follow the upper slot 204
and move circumferentially an incremental distance in the counter
clockwise direction, 1looking down. Such movement 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 rotate and the
upper clutch sleeve 190 does not rotate so that the stem
extension 184, the stem 196, the rotary shaft 109 and the upper
valve plate 121.rgmain where they were éo that the flow control
orifice is not changed.

Similarly, movement of the cam sleeve downwardly,  in the
direction of arrow 221, causes the dowel pin 213 to follow the
slot 214 and move circumferentially in the counter-clockwise
direction, looking. down. Such movement of the cam sleeve 182

moves the dowel pin 200 downwardly which pulls dowel pin 187 and
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t he upper clutch sleeve 190 downwardly to di sengage the upper sets of
teeth on edge portions 189 and 192 to allow stemextension 184 to-
rotate with respect to the upper clutch sleeve 191. Downwar d novenent of
the cam sl eeve 182 al so noves the dowel pin 205 downwardly to nmintain the

COMPT €534 00l NE1 GPERNLIAA N 68 RfiSee i f VBT a3 RlerfadeSte Ofslde

portions . Fiving engagement. - w ano :
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direction increnental distance by which the upper and | ower ends of sl ot
214 argxeéhsiphensnt ity | ¥o€ate! ated iHeaPedte t010tHE upplsOcltehes iiditre
| ower ‘'end drum 211 through the sane increnental distance. Rot ati on of the

| oner E@tl. dr uboRiddacduesvdnEnt i gifit tieend camursd espre NY821Gilism gmopeshethe \&/
center drum 210 and rotate it which noves dowel pin 187 and |lower. clutch
sl eevedawdl THen di205 ndownyagddwnt toemadartaire tdet hcompregeipor t oonstheds

on lower clutch sleeves 194 and edge portion 199 of the stem 196 produces

an i ncPRFREATalR l7otvrioh BPlge theawesr seRoed: itaetdt eheedgemprod-iranst es

the drivye shaf% 109 and,thedﬁgﬁer val ve glate 121 and changes the effective
flow of PP cPBR tHePYal ¥& a t+ BfentSRYaFBBRRT RILER u d ¥BeERSH- of

h | 182 0 | | POS; L] hown ig,Eig. 7, i d b
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causes) goug! chiad I8 &Potohaw 4 LOWBEnsL Phneidr PPUaTRKEaBLa £rom one

another, also rotates the*lower end drum_211 through the same @

Pt

incremental distance. Rotation of the lower end drum 211 causes
the right hand wound spring 216 to grip the center drum 210 and
rotate it which moves dowel pin 187 and lower clutch sleeve 194.
The driving engagemenf 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. 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.

Return upward movement of the cam sleeve 182 tplits neutral
‘position, shown in Fig. 7, is produced by the bias of spring 217
and causes upward movemeént of dowel pin 200 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 2,
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circunferentially an increnental distance in the clockw se direction,

| ooki ng down. Such novenent of pin 213 rotates the |ower end drum 211
but, because of slippage of the right hand spring.215 the center drum 210
does not rotate and the | oer clutch sleeve 194 ddes not rotate so that the

st.em 196 AdifinfFeiteith S t 489 %@rtan%ntea&er d@ﬁﬁ%’i&@ at £n 124 neemain MharE

they were and the flow-control orifice is not changed. - It should be not ed

that th@iiraeen! al odkshgn@wrl  hgueh GV enent | 8 PireciiPnrbravlschiide
stem 196 noves in the counter-clockw se direction, |ooking down, in
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greater than the increnmental distance in the circunferential direction by
whi ch tmynﬂngnzgérﬂh%scemtﬂna@r@mkﬂkﬁa@oeecmmn1rntab9p@nﬁatbealower
\dovinwar d novenent of the camsleeve. This is because of the slig

di f f er e/l utrly| gheexgl L9%etdRas Ot er'QitancFOZﬂhPoForﬁlt?\esﬁ% b?ﬁt heéchaam
sleeve 192. This anqgular difference enables effective_ increnental
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hlng 116 and a retainer ring 68
upward movement of the cam sleeve 182 will be slightly greater

than the incremental distance in the circumferential’ direction by
which the stem 196 moves in the clockwise direction in response
to a downwa;d_movement-of the cam sleeve. This is because of the
slight different in slant_angle between slots 204 and 214 from
the axis of the cam sleeve 192. This angular difference enables
effective incremental movements of a rotary drive shaft 109 which
are as small as the difference between the two circumferential
movements in the opposite directions. Selective adjustment is
accomplished by one or more movements in one direction followed
by a selected number of_movements in the opposite direction. The
efféctive movement of the drive shaft'is the difference between
sum of_the incremental movements in each direction.

The lower end of the stem 196 is mounted for rotational
movement by means of a ball bearing 112 held in pgsifion within a

bearing housing 113 by means of a bushing 116 and a retainer ring
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115. The bearing housing 113 is threadedly coupled to the ratchet
housi ng--180 and seal ed thereto by neans of an Oring 252. The | ower end of
t he bearing housing 113 is threadedly coupled to a rotary port sub 117 and
seal ed thereto by nmeans of a Oring 253. The | ower end of the stem 196

i ncl udes external threads 152 which engage the internal drive threads 153 -«
of a mors.sisi Mpepoppetringl vhoshahy 1543 i véhreedleidlyexconpled stot WHS in
the val ve shaft 154 is in sliding engagenent with a spirol pin 145

ext endiafechek cuohsing $f6ecanfll seplefle thorste pir means iy an Onwingt252.
rotati,onal novenment of the go ppet val ve shaft 154. The | ower end of_the

val ve Braftovey eudaof athedbesrangopersingad 1813 suhhreadeddsn arpehedn te
t | 144. T 4 t h d of bot b
126, Zﬁ%ﬁamft PRAE o BRoddal FIEAPPRISES FHAF oL BRe AL 981 K0 & Hiea ./
h d
'n the, e%lalggw%g ohfl! BEY (RR" kL3P 15¥ 5 g{%ﬁ e'é]:éédrﬂir/]& )

wth a c anber I S couple to an a xten passagemay

146 | egf @?q %ﬂfglﬁéér'rﬁlt hgrh QUeTcREads w3 V%vaeabqu/n—fissfﬁ‘@ be
rot oF on of ° 1 he

seen, rive shaft 152 causes rotational novenment of the

val ve g %étl%l%wsﬂﬂafibel@&ppeh R&ehlmﬁ%tmeﬁ@mgds%tam fromide
val ve sea 144, thereby opening or closing the flow control orifice between
the floxnbet aaforisd3isanc tépidiny enghgiemend twilth/. a sPivell riveneas of
t he plunger 125 produced by the pressure within the chanber 226 causes
verti cakteadipgoctiroyghotheensidéwabht adfin theewsotiddy cposts sukarhti’ngto

action by the slots 204 and 214 agai nst the dowel pins 200 and 213, as 69 ;J
) prevent rotational movement of the poppet valve shaft 154. . The
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lower end of the valve shaft 154 is attachéd to a poppet head 142 4
which is spaced from a poppet seal 144. ‘The seal 144 is mounted
on the upgper end of a bottom sub 126.

A plurality of orthogonally arranged flow intake ports 131
are formed in the sidewall of the rotary port sub i17 and are in
flow communication with a chamber 143 which ié coupled to an
axially extending flow passageway 146 leading to an opening 147
in the lower end of the valve body. As can be seen, rotation of
the drive shaft 152 causes rotational movement of the valve shaft
154 moving the poppet head 142 either toward or away from the
valve seat 144, thereby opening or closing the flow control

 orifice between the flow intake port 131 and the flow outtake
port 147. Axial movement of the plunger 125 produced by the
pressure within the chamber 226 causes vertical reciprocating
movement of.the cam sleeve 182 causes a camming action by the

slots 204 and 214 against the dowel pins 200 and 213, as &
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descri bed above to produce rotational novenment of the stem 196 causing a
chhange ii"the size of the effective orifi.ce in the valve. As can be seen,
the intermttent novenent of the plunger in 285 in one direction produces
rotational novenment of the $tém 196 in one directi®on and hence either opens
the valve or closes the valve. Intermttent novenent of the plunger 285

i n t he dppeoribeddiabose owo pprddess rmotatioonal nweovementofof hthet sherd6196
the opposite directjon which.gcauses the opposite effect on the valve poppet
head i rcaesiggntd oFhange tir -*'ﬂ%m%xzw @ifg e ogdFochd Vol QEL Ei PR dan tsge
can be.seen fromthe above six enbodi nents of the systemof the present
flow CO6®Y® valve, there are two basic configurations of flow

) | hani .. One i d th i
p:| C‘Z?O&Q# g”‘fth ke rsﬁevérr_?-g?ﬁ?‘)ﬁfﬁ%a?%?ﬁség ivg:g,gme "%J.%?% P pges L
I gu | =1 , ‘ \/ |
cont1 9v585 28, Bhe! BE 2R3> LAGAD MARREL dd® oot LendThlER fhe
control g,t Bﬁ&gﬂg{@g&ﬁﬁ- 5H8 wahve ditHdOUWSeds LHE' Gal SV Poddd tERLIY

Cross-sectione ustrating the construction of the poppet valve

act uat ogayeed i rIﬂ&&ﬁﬂt%&@%&@émaﬁtvefofchbh%mrr@%&ntz_dm\&&ﬂtém- oppdsite
rotary drive shaft 141 is journaled within a ball bearing 112 positioned

wi t hi n aibeatiog hetsdwged 1 Totabidndleanbrgméhe icf pehet isyenl D6ndansthé a
retainer ring 115 above a bushing 116 which is held in position by the
upper eopgpo§i&epditrentli dib Iwhhelkrhcavsehbr thecdipposdite effect on the valve

h poppet head in its control over the flow of £fluid through the
valve orifice.

As can be seen-from the above six embodiments of the system
of the ©present flow control wvalve, there are +two Dbasic
configurations of flow control mechanisms. One is a poppet type
valve and the other is a rotary type valve.

Referring now to Figure 4, there is shown in more detail a
configuration of the non-rising stem poppet type valve and its
manner of operation as a function of the rotation of the rotary

o drive shaft which controls the movement of the valve.

In Figure 4, there is shown a partially cross-sectioned view
illustrating the construction of the poppet valve actuator used
in the flow controi valve of the present invention. A rotary
drivé shaft 141 is journaled within a ball bearing 112 positioned
within a bearing housing 113. The bearing 112 is positioned by
means of a retainer ring 115 above a bushing 115'which is held in

position by the upper end of a port sub 151 which is threadedly
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engaged with the bearing sub 113 and sealed thereto by nmeans of an O ring
119. An Oring 118 provides a further seal along the shaft of the rotary
drive 141. The lower end of the rotary drive 141 includes external
helical threads 152 which engage the internal helical threads 153 of an
axial bore fornmed within a poppet valve shaft 154. The |ower end of the -
poppet enbagedhafitth] Sdhéabeatrtiaghemlk hek:tand peppetl thleretredsy 18d8ansd oF

| ongi tudi nal | y extending_slot 155 running the |length thereof. The slot 155

i s engaBBd ObyFimsankl f adzpOraing t1 11&@4??%@e:exaleﬁ&s‘ﬂﬂmlﬁﬁﬁhnahpagt l‘!t{h@
in the.outer |l _of t-he port sub 151. The spirol pin i n_engagenen
with t hﬁﬁﬁgﬁg\g&u&?‘r‘?alr% Y A5 %8 At s Thel ower vend spfif he1xgtaryodrive

i : ' shaf 4 1 h i al '
GFr ot | 941 THEBD er antoamatng Bd oAl b Smﬁ#ﬁﬁﬁa@;”gﬁlﬁcﬁékﬁggg@r tne N/
17 K : LN t 31 ' Open_ i nt,o an J nterna

val ve cRprpYn i SRERRteal DT B85 D vdny 8431 Hdkt ottt o bR e
upper egdppbta OSSO ELPL 1264, THR bRigom égalé%_fi th%é'ﬂ}téﬂlé@agsfggesgfaft o

engagenent with the | ower end of the port su er sur

poppet head hé2 | satwddhedr eghégetengagemppet t RrdiiRe Cinsdd arlggppghdse%t
144 to provide a sealing action there between to prevent flow fromthe

chanber 1oagiitomd na 1yx iexdt qreEany eayt 1455 emmﬂﬁ@gtmaeléﬁﬁehhtaérbm. batlcom
sub to the opening 147 at the | ower end thereof. When t he poppet head 142

i s spacedofr dh% his peppegedediy Imdang | oifd & | sl sl ppimi tit4sd whieht BRtends

outside of the valve through the flow intake ports 131, the flow chanber (-

143, thghgg,ua]h S SARRNEYre 46naftlieo quttee wall of the port sub 151. The '
spirol pin 145 in engagement with the. longitudirial slot 155 °
'preven'ts the valve shaft 153 from rotating and only allows
movement of the shaft 154 in the axial direction.

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 1.26. The bottom sub
126 is in threaded engagement with the lower end of the port sub
151. The outer surface of the poppet head 142 is configured for W
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 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,

A 2]

the flow chamber 143, the axial passageway 146 and out the
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opening 147 in the | ower end of the bottom sub 126. As can be seen,
rotation of the drive shaft 141 rotates the external threads 152 on the

| ower end t hereof. The threaded rotating engagenent with the internal
threads 153 in the val ve shaft. 154 causes axial novéient of the valve shaft
and therefore novenent of the poppet valve head 142 toward and away from

t he poppepestny 144 dgpeblléndowean erde ofr sbei drotdfom cul i dbR60f tAse camfbe
In either case, the degree of flow allowed through the effective valve
orifice ®ReReentPhrthoBpe?f hethe 14xiwal shaffoplél seatates | the @¥kernal
function of the distance therebetween and therefore the rotatiogg;F 0sition

(s teneiob Rl b sl iy
fositi oreSpaEPEene WTH | RS, PRRBERAD RRAERL ] 1EnPORR" yal T dhigiey 154
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through ihe \@&pehdidy t Qponathe t B€rdegion aif ORefaRUoRAbPELRENEAEL.Y In
noni tored by nmeans of nonitoring the rotational position of the drive shaft

141. Refeitheg noasé,0 kEhgurd@edreéheife fFowhall caednthrgaghvittis oéfféetive
rotary flow control valve portions which are used in the flow control valve
of the prveleet ornidce betweersdhen poppatt dreadiri42 akdfthd Ooppetl seat 144
mpunted within a ball bearing 112 which 72 - '
N~ is a direct function of the distance therebetween and therefore
s the rotafionai position of the drive shaft 141,

As can also be seen from Figure 4, the position of the flow
orifice between the .poppet head 143 and the poppet seat 144-is
position stable. That is, when the driveshaft 141_is ﬁeld in a
fixed rotational position, the flow orifice of the valve is not
changed. Finally, it can be seen from Figure 4 that the
rotational position of the drive shaft 141, from ~some
preselected reference point, can be directly correlated with the

W degree of flow opening which is allowed through the valveﬁ In
this way, the degree of opening can be constantly monitored by
means of monitoring the rotational position of the drive_shaft
141.

Referring now to Figure 35, theﬁé is shown an enlarged view
of the rotary flow control valve portions which are used in the

flow control valve of the present invention. As shown, a rotary

. drive shaft 109 is alsoimounted within a ball_bearing 112 which
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I's positioned within a bearing housing 113 by neans of a retainer ring 115
and a bushing 116. The bushing 116 is held in position at the upper end of
a port sub 117 which is threadedly engaged with the | ower end of the
bearing sub 113 and seal ed thereto by nmeans of an Oring 119. An Oring
118 provides an additional sealing neans between the- bushing 116 and the .
rot aryistedsitbonedhei bhpor ache¢agi nghdowsdmiond oyl mpahs3 ofs semtinert he
outer housing of the valve 101 by nmeans of threaded engagenent and an

O ringchng. 1 gﬁeapémeprg thkber ot BRG BREGENGhALE 160 hed dyriry RS §hPmn
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respectively noving | _ “includes prura

of ortHegpiad! heRRS! tHRsteh | Bie! MR P! f6 13da Wehe N rdka v sild¥d 109,
comuni cation with a valve chanber 132. "The rotary valve plate 121 includes
a plurphét vppbrf lenidl pof t hd 3Benltting HtRrsdlmf | DA s VobiEefl doe thid biedrdes
a plurality of flow ports 135 which can be rotationally positioned to be in
ei t herhous £ngr odfessheal vghventl 0w y aearnodhethireadedt eakagemehntovind an

t heret hrough. . Flow from outside the val ve body passes through the flow

i nt akeOpovingl3l4into the val ve chanber 132 and through the aligned ports

held Al ' 127t g_pk eyent t wee . v
means pl, g NGl Cé‘}r;]g‘b g‘aiﬁgzPi.iBQThein pgrgiﬁéugm'l acs' Wa rhaétﬂs?lon?ll.ty

134 and 135 into a longitudinal flow channel 136 through the bottom sub 737

The lower end of the rotary drive shaft 109 is attached. to
an upper rotary valve plate 121 which overlies é stationary valve
plate 123. The rotary valve plate 121 is fixed to the end of the

. shaft 109 by means of a spirol pin 122, The rotary valve plate
121 is_ pressed 1into shear sealing engagement  with the wupper
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 are in fluid
communication with a valve chamber 132, The rotary valve plate
121_in¢ludes 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 alignment
with one another to coﬁ£rol the flow therethrough. - Flow from
.outsidg_the valve body passes through the flow intake port 131
into the valve chamber 132 and through the aligned ports 134 and

135 into a longitudinal flow channel 136 through the bottom sub
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126 and out the opening 137 in the bottom of the valve. - As can be seen
fromFigure 5 the rotational position of the rotary drive shaft 109
controls the degree of alignnment of the ports 134 i.n the rotary valve plate
135 with the ports 135 in the stationary valve pl até 123 to thereby

ntrol d f.fl ey mt f 131 to th
openi ng 145 $R9 B o H TR %65@ e B et 4 ﬁ et He §8s.t.-”tfcn’ il
the fl , b t
plate 1988 ahgerhct PGSRy 5 T SRR Bel Sodf el K SR sy
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al i gnment between the ports 134 and 1357 s stable and hence the

permttefht henet hrordhy | sSvaDR6t aplat&Ot 885 OnwDERt hendlr iperedaf1330% 4N wwe
rfection increases the degree of alignnment between the ports 134-and 135

and rot aé tatiochatpevdiivee pilafd 1120 to therebposoherdlr ehei Gegiles afsell dwe

degree of alignment between the ports 134 and 135. The

“rotati oneérpbttedof roim ttike dflve sivtfakel O9orbmy 13llsddoethi r epehyngorli3d atmd

to the degree of alignnment of the ports 134 and 135 and hence the anmpount of

f | ow whithe Hosom tswel dR6oughrs headi falie vbeosiclege Wie tpesiiion. ofTrthke

nmonitoring the rotatjonal position of the drive shaft 109 gives an

i ndi cat'i BHOBf IREFRYr salote .opdinnpd hP(Yugﬁh?her‘é?—?’éiét |R}é‘“'<9r| fllzée apdt Hghe

val ve and. enabl es nonitorin e of that r|f|c surface as
 Unct i DA DFOPREY pBLAERL S AR RS Fhrat PERED! ToRcAB do5

Reler i ngopow £9 FLOULs 5A-6Cdigre Are shRun aRLur abht

shé%; 109 is
¢ stationary, the degree of alignment between the ports 134 and 135
is stable and hence the flow permitted therethrough is constant.
Rotation of the drive shéft 109 in one direction increases ‘the

degree of alignment between the ports 134 and 135 and rdtation of

the ‘drive shaft 109 in the opposite direction decreases the

degree of alignment between the ports' 134 and 135. - The
rotational position of the drive shaft 109 may also be directly
correlated to the degree of alignment of the ports 134 and 135

L and hence the amount of flow which is permitted through the
effective orifice of the valve. Thus, mbnitoring the rotational
position of the drive shaft 109 gives an indication of the degree

of opening through the effective orifice of the valve and enables
monitoring of the size of that orifice at the surface as a
function of the position of angular rotation of the drive shaft

109.

v " Referring now to Figure 6A-6C there are shown a plurality of
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di fferent possible configurations of the rotary valve plate 121 and the
stationary valve plate 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 lines 6-6 of Figure 5'illustrating a first configuration of the
flow control ports. The three gorts 134a in the rotary valyve plate 121 are”

shown &8 ffereat; RAsFiblgqcosd prPﬁbonﬁhé’f sthe i BRERYY valvE ate 1243
t ai ni h j | t 135 1. | th t

Cont | oBPAS P cRbRkL SRRl TRIVEA PhatS 1 120 OEtPS RPHRRY | LALTSsBRoSMRLY

th t 1 i the. 2] . t 1 1 1 i h

Lot PPERRWE 3 ot ML 1910 | BRALYY ALY RARET G0l UG (416, N 20 1ER0 hBuh®

theret i obghss ToEcEEOREE Wik i GANRRA! DESWECRHENC1DRES S el¥taoenGrilgdte s \(
the respective rotary and stationary valve plates control the degree of

f1ow t hnouaht e B f CtiMas 1o cbinge gRlratthenvab e tnd t 1 gwvadizemn pboamsiul | .
open to full closed being acconplished by a rotation of 60 degrees.
Ref err imh@ nthwde pogts e18Ba tihertthd srotatryavhyvehplate dadssasecthonad td ew
of the port sub 117 of the valve taken about the line 6-6 of Figure 5
i |1 ust &t i nglxewlaght dapddi bverdyt ngonfilpur st ari ariamnl veabvet splake sH@n
in Figure 6B, the three flow ports in the rotary valve EI ate 121 are
gener aldoptsinigigpelraad cire B@n sapssburest 1854 a8 owatd- vallre phat @ante
al so pie- shaped., This port design is simlar to_those in the round ports
of Fi gfrarfausaldan 1 BRomeiporfsoure &ynefhe oflgvciserokacirlofet e . -
sides of the ports 1?}ga and 135b a strai ght radi al pl anes i ch kes 1 h&y/
per contkfif GhEATIRP Ptk ARE- 53298 | biferiarane rotafy Pafve plae” 171 Shd
the ports 135a in the stationary aperture plate 123 are totally b
misaligned to prevent flow therethrough. The degree of alignment
- between the ports 134a and 13Sé in the respective rotary and
stationary valve plates control the degree of flow through the
effective orifice of the valve, with a variation from full open
to full closed being accomplished by a rotation 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 about
the line 6-6 of Figure 5 J‘_.llustrating ‘a slightly different v
configuration of valve ports. As shown in Figure 6B, the three
flow ports in the rotary valve plate 121 are generally pie-shaped
and the ports 135b in the stationary valve plate are also pie-
shaped. This port design is similar to those in the round ports
of Figure 6A except that the ports are segments of a circle.

BEach of the sides of the ports 134a and 135b are straight radial

planes which makes the percentage opening produced by alignment
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of ports 134a and 135b an equal percentage of a full opening. Wile the
farmati on~of the pie-shaped ports is.slightly nore expensive than the
circular .ports, the added degree of indexing control enhances the
functionality of the valve. . As can be seen from Figure 6B, the degree of

ald gnnment_ between .the ports: bin the rotary valve plate 121, !

ports 1% PATERe 1534 i 3% r}%\?—’iﬁ @p?%’é‘lﬁ%"eﬁ%ﬁﬂ%e‘ggt %e Bt eégg%&?‘lgbw
whi ch l.d be, pernitted thi'dugh Cly rifyige of (.t ha & Wishda @
vari at}lvgﬁ1 eoth'i?II F}%ﬁné%t"f%nf 1 _ %ng%{%eélﬂﬁg %fgcé;rép%shjéﬁ %?' aé;ﬂré(?%t imgn of
60 deg”%§§e33¥ érfﬂgnnﬁﬁgté%d?d%gf*é&%tépe%ﬁe!%dﬁEaMhébﬁéﬁrgf indexing
confi guration of” valve ports I ch may be used in the rotary valve

embodi M5t r & ehREnck CERAL FuNBEEBNa0Aty of thdiwlive. 6Qas! baat bat eken
&roess-sectional view taken along the lines 6-6 fromFigure 5. The_rotary
val ve plgtem IRlghss 6BSi f8écakgdeeyoshapegnpent bateebar tbe phoetei i 3dikd itrhe
stationary valve plate 123 has a single kidney-shaped port 135c forned

t her ei n.the Thetdegr ealvt platlkead 2ddetwidan the ports 133k dndthesgtationary
determ nes- the degree of flow through the valve control ports. In the
confi gurealom @ladE 1R3rdleharmiges shesiiggreat fi oRLoW Whd cheyenid be

alignment of the respective rotarg and statiqn%héavalve Iatggtfron1fggl
open t o pernittededhnonghidtbeore faetEns WL LHRP cPECUFR? IS 13 “Bnf

135c form ng the kidney-shaped ports, C be al s pared to -

const antVi‘)EE%Eh?nmerEe Mg 'p%?gﬂe%jpeguga rcg\Rﬁ?ffi %%n%aggﬂmﬁégggéﬁ %ryorﬁ
tg%;configurations of vglve orts shown in.Figure 6A-6C, each of the

conf i gur BPFBRLOPNBEUBBSC]IRPEFNg- 76

o 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 stationary valve plate 123 has a

single kidney-shaped bort 135c formed therein. The degree of

overlap between the ports 134c and 135c determines- the degree of

U flow through the valve control ports. In the configuration of

| 6C, there are 180° of shaft rotation in the relative alignment of

the respective rotary and stationary valve plates from full open

to full closed. 1In addition, the ends of the circular slots 134c

and 135¢ forming the kidney-shaped ports, can be also squared to
produce a constant percent of opening per.degree of revolution.

As can be seén from the configurations of valve ports shown

. in Figure 6A-6C, each of the configurations includes a’ wiping-
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type seal, simlar to a floating seat type of gate valve, between the
rotary valve plate 121 and the stationary valve plate 123. The vari ous J
configurations determ ne the degree of rotation necessary to go from ful
open to full close of -the valve and, in addition, the shape and size of the

flow ports affects the size of the effective flow grifice ai well as a ¢
rel at | ©R%i $°ot, FEHLLBT FBnRrafleatiingt FEAtoFYPReCEngrE S o alFeat RGTWSeR he

oLl A SRRl 8RR ARG ST N8 10
. i d [ . ' . i . | ad i
CLOSS TR PAEnd ol bR A" ke b 68 NASTHod RN | Ay

e”b‘)diﬂ@é'ééiﬁﬁ?v‘@oi BoFkegem 26113BpedEtd¢u3T @IRLRY o TRENFUIGR a3, Nt ./

clutch ratchet” mechani sm* for translating |ongitudinal novenment _of a
drivi ngagief énj Nthel HAHPONShA MBYLEERE @hed £ildwepshied t aEfe@tdeihleO ARAL at €

the val ve ‘seal i ng nechani sns of those enbodi nents of the invention. As
shown of nthei gifffects ve t Akowabehel cbowusi Mplll8k cankal atienshiipslofeward3?2
whi ch surrounds a pair of clutch nechanisns, discussed above, and a .

hel i cato d$@owngas 287. funciidnn@ft vdheaknglextahdragakiépns/af £be nav@mes a
pair of dowel pins 205 and 212. The opposed ends of the cam sl eeve 182
includélétﬁgWi€9 sRgReELe§os thes sTatignary) yakviec Pl&te- angl ed in opposite
directions fromone another at a circunferentially directed angl.e fromthe
axi al and aRBfeREARG: NEW%|tJnFLGUILS fTor Bt FROM oA PAXSLRILY Lut-

mechanl m v 4 00t 08 a0 e POLLLON o8 B Ve o §UoDe 3 e 11 near to

rotational translation means used in cértain embodiments of the i
flow control valve. In particular, the embodiments shown in Figs.

'3C, 3D, 3E and 3F employ a mechanical spring clutch ratchet
mechanism for translating longitudinal ﬁovement of a driving
shaft into rotational movement of a drive shaft in order to
operate the wvalve séaling mechanisms of those embodiments of the’
invention. - As shown 'in Figure' 7, the ratchet housing 180
contaings a cam sleeve 182 which surrounds a pair of c¢lutch
mechanisms,  discussed above, and a helical spring 217. A QJ
longitudinally extending key slot 206 receives a pair of dowel
pins 205 and 212. The opposed ends of the cam sleeve 182 include
slightly angulated slots 204 and 214 which are angled in opposite

- directions from one another at a circumferenﬁially directed angle

~ from ;he axial and are each at a slightly different angle from

one another.

A mechanisnm within the drive portion of the valve, such as a

ryg s
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sol enoi d or pressure pul se actuator, :applies..axial notion to the cam sl eeve
182 to nove it in either the upward direction, as shown by arrow 220, or
in the downward direction, as shown by arrow 221. Upward novenent of
the camsleeve 182, in the direction of arrow 220, causes the sleeve to
move the er, ;dowel_pin 2 |, at I g%#g ey th
under | yfﬁgggl Il\(}e orfec%lgélgsslﬁgg_g_gu\%lgc%Q?I‘i‘%[&%ilyrﬁ % élt%teg:he , %%ée%ﬁér g%)oretgle
rotate Jhe PLEGR 11%\%' LB Ghde 2t AgsSelenked tHEUBRaral @i F&ed GAENtEA
angul ar novenent . en the sleeve 182 again returns fromthe upward
posi ti 0B HcRrd Ny CaRlriod P96) tiodn fhechit AditlwdmT hanrestiohe Gis pPpREwhY Bihe
spring clutches and does not return fromthe angul ar novenent it

experi ergabw 2310 | arvywardiemévenentn dfeewhel82ams sbeetei nl182e diomnvizrel
direction, the direction of arrow 221, the dowel pin 213 is caused.to nove
al ong t ldd revcpiloat exf seotowr22d, tdeusésnt tRé4steevhatot mevet Shel9ppes domsal

I n the opposite angular direction by a presel ected degree of angul ar )
rotati opin 20@n alleag abhe| Mlm%ﬁggtuﬁ% dt9 ate othee UGRGLying
position the spring clutches prevent the stem 196 fromreturning.to iéé%
pr evi ousizdipul Becpasiemgn. to Whigh kRS sPEBr 48 gaFtashefandy eg"hterﬁ? <l

&gl B Al . or . y
offoct (HRtBRmgetRPn EHRRL | 08 6al VREBROR cch of PESRSINAEPe SRIERE. OF
B t.h d I I 204 2 d i )

Docause ANEPRSLo dPh] CUBlaBal! Byt 200 ih Kol §1OB0" 184 lldde
82, a st,[( I%rQ%Stf}}%mca*E}xél Q5N B2 Jdd it1%:F ! 281 Nhdll Lenkiral dbbieEsohr Ofhe

the stroke _ _
internal mechanisms are gripped by the spring clutches and does

‘not return from the angular movement it experienced. Similarly,
when the cam sleeve 182 is moved in the downward direction, the
direction of arrow 221, the dowel pin 213 is -caused to move along
the angulated section of the slot 214 so that the stem 196 is
moved in the opposite angular direction by a preselected degree
of angular rotation. When the cam sleeve 182 moves  upwardly
again to the central position the spring clutches prevent the
stem 196 from returning to its previous angular position. The
:rIechanism of Figure 7 translates the axial movement of various
drive means into rotational movement in order to effect the
changes in effective valve orifice size within the system. -
Because the upper and lower angular slots 204 and 214 are
angled slightly different degrees with respect to the
longitudinal axis of the cam sleeves 182 a strpke of the. cam

sleeve 182 in the closing direction differs from the stroke in

[
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the openi.ng direction by, for exanple, abouL 20% Thus, when the actuator
is "pul sed cl osed" one pul se, and then "open" one pul se, the net novenent -
of the valve is only 20% of the indexing stroke. This gives a net

resol ution of about 20% of the stroke provided by the cam sl eeve and sprlng

ratchet, for finer_resolution of positioning. Referring now to Figure 8 :
t her & e PRAM-BI | ShEPEELPRaPYer 69 SE¥EFPARed 3POMy 0% FHuFGnAHBYR Hhans

f it h t f | 1 t 1 tatl
Dot or 1A TR s B it add el Rebl, 698 Buiest ae Ve;ef*”ép'@s%"r % [ BfLae.

view . ofe &e?rﬁéfgﬁéntkaS‘Ehea%E%OEs‘M&hﬁsr VY el ﬁ% {‘%9612 ic

pressure I'n"a valve actuation nmechanismin rotary novenen

val ve.qppy hb§v€¥ses¢§%@t pHééSlﬁEEBﬁt o] 'a‘ioo"‘dﬂ“i@i b8 thal s45&fkd f&‘@l&&dt h\J

enbodi ments“of the flow control val ve of the present 1nvention. n Figure

9, thepe ikheShoum kllceRR Vahde sPREY satgBEt, a £ t £DHSHI Res2A Lttt hos
receives a pressure pulse control line 282 inits upper end to change the
pressusesitibhing. control chanber 283. The pressure in the chanber 283
produces novenent of an actuation plunger 285 the |ower end of which is

affi xed to Befenrihgeweow82obyFigune 6f drhexe adkmeshownit al8ongiitedipalt
bushing 281 is threadedly engaged to the upper end of the housing 310 and

i s seatrespysaehhonefl Giewhgef 288 aldexmptime mgans eofasditachmenibvefieat

of the piston 285 causes axial translating novenent of the cam sl eeve 182.

A sprikgYchlfchoaktier seEhEL oRYeh 49 DRIVEI ddF Pl Wi al translating 79 -

Referring now to Figure 9, there is shown a partially cross- \#

sectioned view of a pressure pulse aqtuator which converts ;\,
changes in hydraulic¢ pressure in a valve a_c.tuation mechanism into
- rotary movement within the wvalve. This -p.fessure pulse actuator
is similar to that used in two of the embodiments of the flow
-control valve of the present invention.
In Figure 9, thére is shown in the valve mechanism 280, a
- port bushing 281 which receives a pressure pulse control line 282
in its upper end to change the pressure within a control chamber
283. The pressure in the.chamber 283 produces movement of an v
actuation plunger 285 the lower end of which is affixed to a cam
sleeve 182 by means of an attachment nut .183; The. port bushing
281 is threadedly engaged to the upper end of the housing 310 and
‘is sealed by means of O—Eings 283 and 284. |
The axial translating movement of the piston 285 causes
axial trarislating movement of the cam sleeve 182. - a spring

clutch and ratchet mechanism is fixed to the axial translating

79
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mechanismsimlar to that shown and descri bed above in connection with
Figure 7 to translate the axial novenent of the piston 285 into the
rotational nmovement of a stem 196 to thereby control the rotationa
novenent of the valve nenbers and operate the flow control orifice of the

varve. RBeidddiin rlﬁﬁtiié’r RGUERad Osnbifr 8nBSasheyined asdviel 2malcotrdddtid f

enbodi nent- of a ow control valve system which includes an anal og

sol enoi ArMef SFDGupé 7 WOV raREI Hte Vehue axial Finpvaiékt ¢hetRei pishow 785
housi ng 410 which includes an el ectrical connector sub 411 into which a
contr ol .intree 18 isottatietidrdnovémdntnbel e skemt 106i topaheapdy ToiMal rnaie
wi t hin the housing 410. The upper portion of housing 410 is connected to a
g{;noi dFaharigmaly moyemendt ©fir dduedvahver aveppsenand hoparstigeethand€liow

=al ed by nmeans of an Oring 413. An upper magnetic end piece 414 .and a
| ower mﬂﬁﬂ##QﬁeQﬁF{ﬁ%%eoﬁlghﬁrEaégsarated by means of a sol enoid coil 416
wound onto a cojl spool 417. A sol enoid core 418 is nounted for_ axial
-noverment wi t ¢ g pexti e Eippresdd. ghRerenis; ShR¥R 27 #A9HGRAR,
flux generated by currenf flow ng through the coil .416. .The | ower end .of
t he coréafﬁ$?%F%hr%ﬂé%_ yeR gaﬁgd ﬁﬁt#gPWe N (sfs] F°&ndv8}V§h'gggiﬁW(th%ﬁP
421 the | d_ of | i t pit o e r. 422
t hr ough 1ar9<¥ﬁ§£6|.?e§|1e%$ 5\§/rg?§§n s%}?noq_ﬁzggp%ﬂ%&% V%. vée %ﬂﬁé ﬁghggf’&rz (iivse “bi aIs%d

by Wean%ﬁu@esp{dpg Afé@ﬁ OE@? R dwrs Ul 4%\1&;9'9,?“(1250%_ whitR! i{YcPides an

orthogonal 1y positioned flow intake ports 431 ading into a val ve chanber
432 Wi t hdle o £dal S dRSiddtdieds abl | O CeRkbOl wivpéY e abl send381 Thee/alyge is

plug 433 is 80 .
v connected. A downhole electronic package is contained within the
~housing 410. The upper portion of housing 410 is connected to a
solenoid sub. 412 by means of threaded innerengagement
therebetween and is sealed by means of an O-ring 413, An upper
magnetic end piece 414 and a lower magnetic end piece 415 are
separated by means of a solenoid coil 416 wound onto a coil spool
417. A-solenoid corae 418 is mounted for axial movement with
respect to the coil 416 and in resﬁohse to magnetic flux
\/' generated by current flowing through the coil 416. The iower_end
| of the core 418 is thfeadedly engaged with the upper end of an
actuation rod 421 the iower end of which is attached to a pilot
valve plug member 422.through a resilient pbrtion 423. The pilot
valve plug member 422 is biased by means of a spring 438. .The
port sub 431 includes a plurality of orthogonally positioned flow
intake ports 431 leading into a valve chamber 432 yithin which is

positioned a flow control valve plug 433. The valve plug 433 is
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bi ased by spring 424 and is capable of novenent in the axial direction.

The plug 433 seats against a | ower seal nenber 434 forned in the upper end .
of-a bottom sub 435 which is threadedly attached to the | ower end of the
port sub 430. As can be seen, the axial novenent of the core of the

sol enoi d 418 produces simlar novenent in the pilot valve plug nenber 422 =

uhi ch il d 6l | BY°Ck B a0 oAt agh Al VEaBhigeTIDehod3a:HE! ofh MRS Aelyeen

full open and gai nst hereby control s the degree

of 11y fdomddhe f'ﬁ‘%'ﬂi R8B! S <hils Qfﬁs{:h% fil v D ag & A0 e WRNLE36. 4 AN

t hrough the bottom openi ng 437-in the bottom sub 435. As can be seen, this
enabl efoRsYd | HHOUReaRibpeds il eof 0at bolctem tdifh f4 D5V anﬂbnohsva;lmalaedwns

of the quantity of current through the solenoid 416. This valve .is not .
posi tiatttachedl€o thie lowénresd 66 thkepocitosedd @d@fi gurati on when power i&/
renmoved fromthe solenoid coil 416. It should also be noted that while the
moni t or andAsomar| beysseenusdihe n agd§lunsovemenitt hoihé'-tfe owogent 6| the ve

of the present invention has -been illustratively shown, other nore
conpl sekrneidcddps |RﬁQﬁ1‘°§5%t ehiilagycpvareat 18h iPLAPt SvapaLe UG

4,568,933 to McCracken et ssi.gned t he as e of t he resent
i nvent“i‘%‘t‘P%d"'%%r‘élB’yc‘i‘ n%%rgﬁ}%ﬂ?@ﬁdbyyr S}‘@r €H€§r° o%l ber 433

nbi h fl | f th : '
oot BB EhcHoVRE: Rt tr Shpbn ORAT CBRE: AL eiareg”%w e{:‘éégﬁeatt 434
VNt 108 ML bbby DEon@RRS SBhe HEBUL BE ABPHINT ARSI Ser L5l 81 -

431,  along the flow pagsageway 436, and threugh the bottom

e

opening 437 in the bottom sub 435. As can be seen, ﬁhis enables
continuous and variable control of the flow control wvalve by
means of the.quantity of current threugh.the solenoid 416. This
valve is not pos1t10n stable but retﬁrns to the closed
configuration when power is removed from the solenoid coil 416.

It should also be noted that while the monitor and control
system used in conjunctien with the flow control valve of the
present invention. has been illustrafively shown; other more
complex data acquisi_tion systems, s_uc.h as that shown in U.S. -/
Patent No;.4,568,933.to McCracken et al, assigned to the assignee
of the present invention and hereby_ihcorpofated by reference,
.ceuld be used in combihation.with the flow control valve of the
present lnventlon

It is best belleved that the operatlon and construction of
the present 1nvent10n will be apparent frqm -the foregoing

description.
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CLAI MS 1. A systemfor controlling the flow of fluids wthin a flow
passage, conprising: a valve nenber havi ng a flow input port, a flow '

"di scharge port and neans for controlling the passage of ' f”wﬂu”nﬁmﬁm
~said control neans including nmeans capabl e of varying the ”ﬁm
passageway between the input port and the discharge port and fredns"fof
mai nt ai ni nECILAEMS ze of the passageway at a sel ected val ue; neans connected
to said val ve nenber for selectlvely ei ther increasing or decreasing the
size of said passageway over a rel atlvely cont i nuous range of internediate
val ues from a pgr af starti ug to dIEl I cted val ue; neans
rempte froM sai %y§ %“ fgs lﬁﬁ s@ pﬁ?/‘f"n‘éﬁﬂbﬂdé PY PFS3ge.d

i ncreasi ngcompfRfigeasi ng nmeans to control said |ncrea5| ng or decreasing
‘weans and to Eel e the size of said passageway; and neans for nonitoring
the size of theapabragentberiaving atfiew\ AFSSPbt ldnd@d to a
renote | ocation an electrical S|g]gnal gb%?%?gofgﬁjchm zeﬁa’Itt dnf A system
for contromeany @mommihngftm passage oefsﬂmétthémbeﬂwaen sidi gontrolwhexsi n sai d

means for | aS| or de i ng.the si f said passageway conprises a
pair of ro’t'&i'{ffggl ° Vary1r)e§s¢sq the passagevay hetween Ifhﬂow of

decr easi ng ELP ?‘L%AHOP% Ot ol B8 el e RBORRE SBUE"SLAR.

A system fpissﬁgé\ﬁmy)la{ angldcead Varw; of fluids, as set forth in‘claim 1

. .wherein sald neans for increasing or decrea5|ng the size of said passagemay

_ : -means connected to said valve member for selectively either
- increasing or decreasing the’size of said passageway over a relatively
” continuous range of intermediate values from a particular starting value to
an ending selected value;
means remote from said flow passage for supplying control signals
to said increasing or decreasing means to control said increasing or
decreasing means and to select the size of said passageway; and
- means for monitoring the size of the passageway within the valve
- member and transmitting to a remo¥e location an electrical signal indicative

of said size.

2. A system for controlling the flow of fluids, as set forth in claim 1,
wherein said means for increasing or decreasing the size of said passageway

comprises a pair of rotary valve members.

3. A system for controlling the flow of fluids, as set forth in claim 1,
wherein said means for increasing or decreasing the size of the passageway

includes a poppet valve member.

C 4, A system for controlling the flow of ﬂuids, as set forth in claim 1,

wherein said means for increasing or decreasing the size of said passageway

S2
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conprises pressure pul se neans. 5. A system for controlling the flow of
fluids, as set forth in claiml1, wherein said neans Tor increasrngot -

decreasing the size of said passageway conprises a. stem
for controlling the flow of fluids, as set forth in ﬂ”"l, l, sai d
means for increasing or decreasing the size of said passageway | ses a*

sol enoi d. comprises presSarRmileE nts ol 1 ing the flow of fluids as set forth in
claim21l whi cg al so includes: nmeans for nonitoring a neasured paraneter at

said fl ow passage | ocation and transmtting a signal indicative thereof to

a renote location; and, nmeans responsive to said nonitoring signal
transmitt2d t oAt s¥sterafer controlling, the How,af fluids, aseset iforthdn ¢laim dassageway.

8. A system.for. controbli.ng the flow of flukds.as set.forth in claim?7,;
wher et n { RESHHH g RRAS for iBcehtg lr ¥ofeasinel e 3id ol Gl pRfsadehAy® 2 ) 01\
control V@éﬁiﬁrﬁé’ssﬁ topOnMprising: a flow control valve for positioning

I ncl udi ng: ah outer housing; a valve chanber within said housing in flow
communi cation with an inlet port in the wall of said housing and an outl et
opening from said housing; a variable size orifice between said valve
chamber abd saAdsystemdior montrolling thec Bowr of fluidsy astset dothveeslaimeans f or

sel ectively ei.ther, i ncreasi.ng or. decreasing the size.of.,said orifice over a
Col ati vel YRR SR MERSfsdn Aegreasthethe sizer of faid Passagemay e | ar

starting X&J:\Bﬁsésoa%ofeﬂo?&t ed ending value in between the fully

7. A system for controlling the flow of fluids as set forth in claim 1 'y
which also includes:
means for monitoring a measured parameter at said flow passage
location and transmitting a signal indicative thereof to a remote location ; and
 means responsive to said monitoring signal transmitted to the remote
location for varying the size of the passageway.
8. A system for controlling the flow of fluids as set forth in claim 7,
wherein the monitoring means includes a pressure transducer.
9. . A flow control valve system, comprising:
a flow control valve for positioning including:
an outer housing;
a valve chamber within said housing in flow communication with an
inlet port in the wall of said housing and an outlet opening from said
housing; |
a variable size orifice between said valve chamber and said outlet .
opening to control flow therebetween; ' :
L

means for selectively either increasing or decreasing the size of said

orifice over a relatively continuous range of intermediate sizes from a

T2,



closed and fully open conditions of said orifice; energizable nmeans for
driving said orifice size increasing or decreasing nmeans. mﬁmﬂﬂﬂmu lL .
i ncrease or decrease the size of said orifice, said orifi t:\m : 0
or decreasing nmeans being position stable to maintain the $el ected "si Ze of
said orifice constant when said during neans is not energized; neans renote

from said pariculdrostaging vallue) Go G Bélebledsemding svalas iR tsit@een thie Stallyg dri ving
nmeans; a control line for cafinecting said control *siignal generating neans
and sai d dclosed@andefully opempesnditions:bf saidverificeinges in the orifice size of
said flow control val \ﬁ means conngct.ed to sai g. neaps f,or increasing or
decreasi ng the SNSEEIEALIC smeans; forc drpvipg psady a S ABFTSAAEEC A ve of

Corsara colp@ensin nbins SeRictiveFincROte B pedSl id 802 OF Shighbhfag | =) 0N
contr ol sys4ifToAfics dizd Mdrbadiftg UrelicerBatthg hbdns Béitg Bokifioh MablBoeasi ng or

decreasing the size of the vartable size orifice is a  rotary valve. 11

f1 ow cont r maistain dre selected size bfi said arificenc8nstantr when saididesiag anéars

i ncreasi ng,or decreasing the size of the variable size orifice is a poppet
val ve. 12.1s pot enesgizedont rol system as set forth in claim' 9 wherein said
ener gi zabl e neans_ for_drivi

said, orifige size |.ncrea irlg .or?]ge reasi ng
nmeans incl udes 3“??6‘[50156.'“0@ m s_ﬂ Vv vecgq& 381"_"‘? Ege‘fﬂ'é’_éo sUEIES 19T | n claim
9 wherein éﬁé%]'ﬂﬁg?‘d Qhividlf hiedns,ng or decreasing the size of the variable
i'nc es a

size orifice
L a control line for connecting said control signal generating means and

said driving means to permit’selective changes in the orifice size of said
flow control valve;

means connected to said means for increasing or decreasing the size
of said orifice for producing a signal indicative of the particular size of the
orifice; and

means for transmitting said signal to said control signal generating

means located remotely;

10. A flow control system as set forth in claim 9 wherein said means for
U increasing or decreasing the size of the variable size orifice is a rotary .

valve.

11. A flow control system as set forth in claim 9 wherein said means for
increasing or decreasing the size of the variable size orifice is a poppet

valve.

12. A flow control system as set forth in claim 9 wherein said
energizable means for driving said orifice size increasing or decreasing

e means includes a motor.
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solenoid. 14. A flow control systemas set forth in claim9 wherein said
means. for increasing or decreasing the. size of tj I H [ orifice =

i ncludes a pressure pul se actuated cylinder and Jmnﬁﬂ "1 Iﬁl'll"ml)w control-
systemas set forth in claim9 which also includes® rfeahs Yor®nohitoring a°
parameter; and means for varying said control signals in response to the ~
val ue of gpid MW%ﬁ&oPﬁsi&ﬁta@rs_‘ét forth in AalhOWheRsihQhid/flcdfs forSt em
conprising: a flow control” valve including: an outer housing; a valve

chanber \incteasingaor deoresising e §izewof tlienwvariable sizevotificarincludes aport in the
wal | of said housing and an outl et opening from said housing; a variable

si ze ori fsolen ween sai d val ve chanber rand said outlet opening to control

fl ow t herebet ween; neans including a rotary shaft:for changing the size Of\':/
said orifice over a continuous range of sizes fromfully closed-to fully >
open;  enerq)i 23R oWiRaRfof SystbaiPidsel Aot ERAGRO WiekaIR saldt hithhs Aot 2! -
di rections connected to ns for converting said.lrnear notion into

rot at i onghcrdakingnor ielfdABingOtiRs. sizaadf e Gakiables sizeesiifiet iin€ludes @ dri ving
said orifice size changing neans to selectively increase or decrease the .
si ze of sm‘b&lstmcimlilmeactuaieg aylindexand pistofi.ng neans being position stable to
mai ntain the size of said orifice constant when said driving neans is not
energi zed; nmeans renpote fromsaid valve for generating control signals

for energigi Nga b Gl %Z@?stgﬁlagsséet%gthainca%ﬁ@ whidlf afs8"in€f0A8ECt ' N9 sai d

control si‘gnal” "géenera
means for monitoring a parameter; and o/

means for-varying said control signals in response to the value of said <

monitored parameters.

16. A flow control valve system comprising:
a flow control valve including:

an outer housing;

a valve 'ch_amber within said housing in flow communication
with an inlet port in the wall of said housing and an outlet opening from
said housing; )

a variable size orifice between said valve chamber and said "/
outlet opening to control flow therebetween; |

means including a rotary shaft for changing fhe size ‘of said
orifice over a continuous range of sizes from fully closed to fully open;

energizable means for imparting a linear m_oti‘én in both axial
directions connected to means for converting said linear motion into
rotational motion in both rotational directions, respectively for driving said
orifice size changing' means to selecti\}el'y increase or decrease tﬁe size of

said orifice, said orifice changing means being position stable to maintain’

Ly e

the size of said orifice constant when said driving means is not energized;

means remote from said valve for generating control signals

3S.
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means and said driving neans to permi sel ective changes—tn—the—ori+e :
si.ze of said flow control valve. 17.. A'flow control syst | ance
with claim16 wherein said nmeans for converting said |i neammmamlﬂimuw
conprises at least two unidirectional rotary notion necha 1 S
emgageable with said rotary shaft. 18. A flow control systemin accordance
with cl ai nfacendrgizng saidi drivingnmedées; andnverting said |inear notion into
rotational notion is 'operabl-ﬁg; esponsive to the pokarity of said control
L

signal's for energizi AgcHrel hng fongonecting said contrplssignehigeneratingt em i n
accor dance W ' erein said ans for converting said |inear
notion int (r)ﬁ’& A %F gﬁ %ighfaq &lﬁ%lwgdﬁgﬂs Q0 ﬂgF @T?%Vﬁo%ﬂﬁgs 19 ﬂi%@“ﬁ@? 8% e
intensity gf sgid oWt Vﬂ\%]al s for energizing said driving nmeans. 20. A

control systemin accordance with claim 16 wherein said neans.for
converting said linear notion into rotational notion conprises camand cam
follower means. 21. A flow control systemin accordance with claim 20
wherei n sald- caf Mo sontrel isystems i @geordance avith stlein el G whegem saithogonal |y
oriented camfol l.ower nmeaps on .rdts)t tional nmenbers of said rotary notion

Y

mechani snsMe38S  TOr ¢ CONYEIHAg - Spids,URear, THOUOR o COMMIISES; 8t deast mtw® wher ei n

sai d uni di : 4 rfﬁtﬁﬁy e} ' ' d ai of.. .M I.

cl ut ches. ﬁﬁﬁ}ig@ﬂﬁhalf ow C.S{rﬁa}rd& ﬂg@@%#%{lﬂg@ﬁi}é’aﬁﬁgggﬁaﬁp (ng\ Y92 wher ei n
sai d rot ar yota®} sldft./echani smincl udes ratchet neans. 24. A fl ow control
systemin accordance with claim 17 wherein said unidirectional rotary

wt,i on mechani sminclude face clutches for-selectively engaging said driven

shaft.

i
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18. A flow control system in accordance with claim 16 wherein said
means for converting said linear motion into rotational motion is operable
responsive to the polarity of said control signals for energizing said driving

means.

19. A flow control system in accordance with claim 16 wherein said
means for converting said linear motion into rotational motion is operable
responsive to the relative intensity of said control signals for energizing said

driving means.

20. A flow control system in accordance with claim 16 wherein said
means for converting said linear motion into rotational motion comprises

cam and cam follower means.
21. A flow control system in accordance with claim 20 wherein said cam
means are in a sleeve and said sleeve engages orthogonally oriented cam’

follower means on rotational members of said rotary motion mechanisms.

~22. A flow control system in accordance with claim 17 wherein said

ey o T

unidirectional rotary motion mechanism includes pairs of wire clutches.

Do
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25. A flowcontrol systemin accordance with claim 24 wherein said clutch
means conprises toothed face clutches. 26. A flow ﬂmmmmm ' -
accordance with claim25 wherein the angle of the't ﬂimm
t oot hed face clutches approxi mate the operating angl &s on 'sai®d éantand cam?
fol |l ower mechanisns to prevent camm ng apart of said teeth on said toothed*®
face clutxghes. A Xow dbrttdlVysfith it adcordfiBeSwWitht 8Rimad) YwRérelie'said) descri bed
with reference to and as sHown in the acconpanyi ng draw ngs.
rotary motion mechanism includes ratchet means.

24. A flow control system in accordance with claim 17 wherein saigl_ oo/
unidirectional rotary motion mechanism include face clutches for selectively ‘

. engaging said driven shaft.

25. A flow control system in accordance with claim 24 wherein said

clutch means comprises toothed face clutches.

L"b": (

26. A flow control system in accordance with claim 25 wherein the angle
of the teeth forming said toothed face clutches approximate the operating
angles on said cam and cam follower mechanisms to prevent camming apart

of said teeth on said toothed face clutches.

27. A flow control system substantially as herein described with reference

to and as shown in the accompanying drawings.
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