1 Valve Control System and Method Technical Field of
the I nvention: [0001] Enbodi nents of the present
invention relate to the field of flow control. Mre
particul arly, enbodi nents of the present invention
relate to systens and nethods for mnultiple channe
flow control. Background of the Invention: [00.02]
Many thermal nass flow controllers utilize
force-actuated "globe" valves to control gas flow
through the controllers. A globe valve, as shown in
FIGURE 1, typically conprisés a spherical poppet 10
that.seals against a C|rcular or con|cal val ve
seat.12. A variafalye € 2L SEetem apd )

val ve stem 14 can exert a force to unseat poppet 10

f&@éﬂn&é&ﬂ%;&ﬁagf ]tge rﬁv&a!é&s{%a such atS t hat d??' cted Iln
€ _des] gned_suc ha i fferentj
pr[essEre o1 ce Técso(’fé ?‘he A siTh g jbé’lerr’1t“’ncroen ?olt eds {da
ei t her ace$ flovseatrolhe ¥oas \Perwu&ﬁ@efatemtbﬁemem PE. then
t he exanpbeeseht EnGiREod ,reléte 6o fdyetadat ad mefHoas sdk-e
force 16 g,gftg_pgé) Hhseateibhenalyue. To counteract this
f rce, a e o% spring can exert a spring force 18 on
t B{al ve closed in the absence of
ano@iuat Mery termmal mEpF Slpy elopbrplierscotild zgcioceeiakyuated
set hi gh+erpeghrat @espeeventrdll ga¥ &@low hrrdugnhmst .
anti ci pat ggntr'o 156, Pﬁeél%%evalwo%] sHolln rﬁ”i‘xdﬁiﬁﬁsl flow

controllers, e 1.nit i catl.on of orce by the
act uat or 8}%’5"3?’9& °?“§’§bfets n%é‘ﬁﬁ’rcéél%?é?‘ét f1I° o2t gpals

t he-val veagasingt|ad cttaydan) opycompiealprelwsasgeatpt? ngA fariable
Wien the asideabdvigrdrObsithebteclPPrOXLIRL Stah €L WAL dxart ke

spring fogg f:a”lé“d?iséat& JP?EE%C%%G%RX idhe 2, & valve,

differenti ? ens ' and

begi ns tos’f‘fhoﬁf that dFHi""ttﬁgrmaE %’5@ hg c?‘blbé ﬁség’é\eﬁlpF?"é’d

to the vakkex thediffiefential pressure force 16 of the fluid being
controlled either acts to seal the valve or unseat the .
valve. In the example of FIGURE 1, the differential

pressure force 16 acts to.unseat the valve. To countéract

this force,- a preload spring can exert a spring force 18
-on the poppet to keep the valve closed in the absence of
an actuating force. This preload force is generally set
high enough to prevent flow at the highest ant1c1pated

~ inlet pressure.

-[0003] In many mass flow controllers, the initial application of
.force by the acfuétor does not result in appreciable f;ow,-
as the.valve is held closed by the pieload sprfng force.
When the actuating force is approximately equal to the
spring force minus the fqrce caused by the differential
pressure, the peppet opens and fleid begins to flow. As
further actuating force is applied to the valve stem, the
poppet is further removed from the valve seat and the flow

orifice is enlarged. This causes increased flow through
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poppet is further renoved fromthe val ve seat and the
flow orifice is enlarged. This causes increased fl ow
through the valve. 1211211 1L1EE FLELLE LRLED TDTI
Farrr il 1111 *166166* 11121212 HEEE LR pHEnd
FTEEE terer rrer ekl *000002* 2 [0004] FlI GURE 2
illustrates an exanple flow force curve for a val ve.
The region of the force flow force curve where no
flow occurs is referred to as a deadband. The w dth .of
t he deadband region is proportional to the prel oad
closing force and the openiﬁg force exerted on the.

pqgmt by - dif{erent |t|sa?|nh reée%:rﬁqow% The re |on

where fl ow does ~occur Cont FoIs eyl
The poi nt "&f"®whi™®R Te9&k 8§ tBetfirhe ftlewa@tffiﬁ CHIRE vhRYe nO
val ve begifhwe becwapels ksferref eo ragda tdeadisantihe THalwieth of
t hr eshol dendieyedalg tﬁ@léﬁomdf:bmapor‘&ﬁgiafﬂntd $nd ¥Pél%§hlc>iosing
proportio t aused
act uat | ngggor c%mtag?el LT eﬁerr%?e‘f glde pgiﬁ'eltrﬁ" o
val ve sea??fﬁﬁﬁ?fé:tiahlpéﬁ%’tué? f°a?ﬁ} dTHef spgien|viiere flow does
pressur e. cdfvic| B tontusetulr egitosl ebgfehGURRe dift 2MOMWACRS

?ener al | YIeal-khQ@Qfeglﬂshgo %er{qgllxd rtﬁQ'vgﬂgfgr@ge%?SEBo %en iI
i near an cha y

Sever al fgcftegg Cl‘le'Boats nanm: c&fﬁgh at iTeFY dBnthgl fEETel
the threSifdPy ién@"ijﬁ?]ﬁ'y(?r%°rti§?1@1pé° ofhef yagwe fdippiacenent
curve thecausedrdyr the BeGiabit)y 6drdeh@ctiiag \eGaids®r the preload

i nstance, sﬁlﬁ ARG Eyd Qeabgﬁgglpg@ddl\gnééerali%r dagitgr \é]%kale

t hreshol d out ectin inin e_contro

regi on. ceﬁange .’ﬂ‘ @%IC\% %’ Lamigte? °f Bif'Rheé bt rhpwn as
hand, wi | 9eP8F3igat Litsar g&ha oqintriel r B4gALR vehybe hor firear and
change i nsufifer tiree saohhicainhgstezedligCause the same

| tdb@@f di @Q’E@&lqumorgf(bgt}l %Weﬁcﬁ Vﬂdvgtﬁgg)o%gn a%.%é'lr.l ttﬁe

in greatgr fl rou.hthevlvea
- different %aF q.\él and gal % ., 8lope of flow?force curve the .

control region) of the valve. For instance, a change 1n_
preload wiil.altér the valve threshold without affecting'
gain in the control region. A change in valve diameter,
on the other hand, will affect the gain with relatively
little change in the threshold. This is because the same
linear displacement of a larger valve poppet results in
greater flcw through the walve at the same differential
pressure. Similarly, a change in differential pressure
wiil affect gaiﬁ, with increased differential pressure
leading té a 1a:ger:gain.

{o00s] FIGURE 3 shows three example flow/force curves for three
combinations of valve diameters and preload settings.
Each of thelthree response curves is able to reach a one
hundred percent flow rate, despite the variance in valve
diameter and corresponding éreload setting. _However, the
valves disﬁlay different threshoid levels and gains within’
their control regions. When the valve diameter is larger.
-or differential pressure anticipated is highef, the valve .

preload is-.increased to prevent léak-thfough. Likewise,



pressure. Simlarly, a change in differential pressure
wll affect gain, with increased differential pressure
| eading to a larger. gain. [0006] FIGURE 3 shows three
exanpl e flow force curves for three conbinations of
val ve dianeters and prel oad settings. Each of the
three response curves is able to reach a one hundred
percent flow rate, despite the variance in valve

di anet er and corresponding preload setting. However,
the valves display different threshold | evel s and
gains within their control r&gions. Wen:the val ve
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pre-charge to the control system-output such that valve
drive is driven immediately to the threshold of flow any
time a non-zero flow set point is asserted. This system
is effective in reducing dead time and control system
overshoot, but introduCes other problems. One such
problem is a loss of resolution in the control region.

The actuation force applied to a poppet is éenerally
proportioral to the number of quantized step asserted by a
digital controller via a digital-to-analog conversion -
.3ystem. Applying a fixed initial force to overcome the
valve threshold requires that a single-channel system uses
some numbe; of the total available steps for the initial
force. As an examble, if a single channel control system
can adjust the valve opening force in 100 of those steps,
‘the initial force may require 45 of those steps. ‘' This
leaves only 55 steps to control flow in the control

region. As the required threshold force increases, the
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pre-charge to the control system output such that _
valve drive is driven imediately to the threshold of
flowany tinme a non-zero flow set point is asserted.
This system is effective in reducing dead tine and
control system overshoot, but introduces other

probl ens. One such problemis a |oss of resolution in
the control region. The actuation force applied to a
poppet is generally proportional to the nunber of
gquanti zed step asserted by a 4digital controller via a
digital -to-anal og conversion "system Applying a fixed
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embodiments of the present invention provide systems and
methods for multi-channel valve control.

[0011] One embodiment of the present invention includes a system

: of valve control that comprises a Processor, a computer
readable medium accessible by the processor and a set of
computer instructions that are executable by the processor
to output a first signal on-a first. channel indicating an
initial force to be applied to a valve.by an actuator and
output a second signal on a second channel indicating a
centrol force to be applied to the valve.

[0012] Another embodiment of the present invention includes a-
method for controlling a valve that includes outputtiﬁg—;
first signal on a first control chanhel ihdicating an
initial force to be appiied to the valve, outputting a
segond signal on a second control channel indicating a
control force to be -applied to the valve, and generating a

third signal from the first signal ahd the second signal,



i

Enmbodi ments of the present invention provide a
£3232L1and met hod of valve control that elim nates,
or at least substantially reduces, the shortcom ngs
of prior art valve control systens and nethods. Mre
particularly, enbodinments of the present invention
provi de systens and nethods for nulti-channel valve
control. [0011] One enbodi ment of the present
invention includes a system of valve control that
conprises a processor, a conputer readable nmedi um
accessi bl e by the processor aEd abse:hgfpkggggggfr o
[ [ ' are, execut e,
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vol tage i 5 proport oNaf BFBeCT Mg miset Gifcemputer |
gener at | nbns&rugtée@hahyp gAelexhewtiale aor MBUNGEEirst pulse
vol tage, weitermidulged si.%ﬁgpréﬁ MRl El%@h&%sg&pgg itnlaJe.cating
remai nder aﬁ/(ﬂliﬁgf Jl.ol}gé Yo be applied to a valve by an actuator
- and output a second puise width mddulated signal on the
control channel indicating a controi force to be applied
' to the valve. This embodiment can also include a - '
reference voltage source and a first open drain buffer
" that has: a reference voltage input connected to the
reference voltagg Source, a threshold input connected to
the threshcld output and a first open drain buffer output.
'The,val&e controi system can further inglude a first low
pass filter connected to the first open drain buffér
output and a first summer having first summer inputs
connected to the first low pass filter and the reference
voltage source. This embodiment of the prééent invention -
can also include a secoénd open drain buffér that has a
remainder voltaée input connected to a first summer
output, a contfol input connectea to the control output

and.a second open drain buffer output. The control system



proportional to a control force and generating a val ve
control signal having a third voltage equal to the
first voltage and the second voltage. [0014] Yet

anot her enbodi nent of the present invention includes
val ve control systemthat has a processor with a
threshold output and a control output, a conputer
readabl e nedi um accessible by the processor and a set
of conputer instructions that are executable to
output a first pulse wdth nodul ated signal on the
threshold output indicating @&n initial force to be
applied to a valve by an actuator and output a second
pul se wi dt FFhStifitafEdher dagtudet speendchtt Pasts EHarnel
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“and a secSfAEPSUfRRCt corRRRtt 8tbrpd halyéng ecerrdnd [volhtageass

filter ‘Outppoortional to the control force based on the second _
pulse width modulated signal and the remainder voltage and
sumﬁing the first direct current signal and the second
direct current signal to generate a valve control signal.
| (0016] . Another embodiment of the present invention can include
valve control system that has a processor with a threshold
output a control output, a computer readable medium
accessible by the processor and a set of.computer
instructicns stored on the computer readable medium that
are executable to -output a.first signal on the threshold .
output indicating'an initial force to be applied té a
valvé by an actuator and outpﬁt a second signal on the
control channel indicating a conirol force to be applied
to the valve. Thé control system can further include a
reference voltage source, a first digital to analog
converter connected to the threshold output and the
reference voltage source and a firstlsummer connected to
an output of the first digital to analog converter and the

reference voltage source that generates a remainder



[ 0015] Yet another enbodi nent of the present invention
can include a nethod for controlling a val ve that
“conprises' generating a first pulse w dth nodul at ed
signal, with a pulse width proportional to an initial
force, generating a second pulse wi dth nodul at ed
signal, with a pulse width proportional to a control
force, converting the first .pulse w dth nodul at ed
signal into a first direct current signal having a
first voltage proportional to the initial force based
on the first pulse width nodul ated signal and a

ref erence age,..generating a renmai nder.voltage,
converti ng‘y?’ He egec%l%dcmtfs]e EPhCHo dtildt Bty Andlude a
into a se6MRf diidet 'fé’uFfFaénﬁ oohegriker havhdged toetend
vol tage propoilt pumat dna tHaes0eB! Juhed OF 82 BAREO) W sten

the seconda pfﬂr%ﬁez\’\ﬂi d
n ﬁjélhxdm Héd%hﬁds : rS?nn&c?eec%:tto outputs,

remai nder ol tagl %n%eq Eumﬂ ng

current si'gnalc ang oA aﬂ?‘-’f SERveEtRY epd the greabnd
to gener atdégiataé‘a’F‘Vén%ngt<F@lves:egnal [ 0016] Anot her
erf9HT Inent Yeof artohBep eas@AhedtNYE b S4h+C Ay h DL ULS ﬁyﬁqggg a

control S)ﬁggmg a Brocessor with a hres 0
output a gontr J}SE?J%?lﬁae %’%uter OREAYRS & rediimGhRod

accessi bl € by the cBsEGTe SATPLE séRg geferadpinsue etigital

i nstructi éhgo“aétH?dééafs-mgt%elmawpljtfercd,egd&bh&ngeﬁ|sléga,nd

that aredéxieautsaghan ERdEE 4t a 3coiﬂ:f§it f@cgnaéonsmrt 2§ the
e

t hreshol de; At [, initial force to
appl i ed tf Mtwq &gar:]L g% fﬁa?t gi%lnag‘ ot PRCG SOBYRATET

signal on It“.he %6 rdc}%e%th&‘llﬁféflt istertlabeviggar Ebmitr wbltage
force to BEPapplonall tot thet heitial Eercel Ibesemoeﬁ rak SYystem

can furt hélgik&rlstigealaand @fferfgpéﬁevwltc ?&é{-\rrgteinlgh

first digj ade! cglgvrévert e[, ConNnec
didtndsd o) %?%e Fanes Vof Tt S bl eboman ot

t hreshol d outéout

a first sumver 8?&1‘6&%&6 "l"b““ﬁﬁm@?ﬁrﬁe? ipfo theedonfsdirect

di gital t®raert egprednheriber sadnt heltiRfl preReeionel tt%g@he

source t hahtfgaNesAHeChasadl GIMRANAELonk digital signal and the
remainder voltage and sumiming the first direct current
signal and ‘the second direct current signal to generate a
valve control signal.

BRIEF DESCRIPTIONS OF THE DRAWINGS :

[0018] A more complete understanding of the presenf invention and
the advantages the;eof may be acquired by referring to the
following description, taken in conjunction with the
accompanying drawings in which like reference numbers

indicate like features and wherein:

[0019] FIGURE 1 is a diagrammatic representation of a globe
' valve; ’ T
[0020] FIGURE 2 is a force/flow chart for a valve;
[0021] FIGURE 3 is a force/flow chart illustrating the effects of

changes 1n valve diameter or differential pressure;

[9022] _ FIGURE 4 is diagrammatic representatlon of a flow control
device;



. The control systemcan still further include
XO|g:ggnd digital to aﬁalog converter connected to the
control output and the first sunmer. The control
system can further include a second sumer connected
to outputs, of the first digital to anal og converter
and the second digital to analog converter. [0017]

Yet another enbodi ment of present invention can

include a method for controlling a valve conprising

31. Anmethod for controlling a valve conprising
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i Il ustratd ﬁé YHiB® PFEv@BPYfed to the valve over the initial

portion of the force/flow curve for the valve, the
remainder force is the difference between the total force
and the initial force, the,ﬁerm “control force” indicates
a force applied in addition to the initial force and the

term “valve force” indicates the amount of force applied
to the valve. l )
[(0029] Embodiments of the present invention provide.a valve )
control system in which the initial force can be indicated
on a first Channel and the control force can be indicated
on another channel. Thé outputs of the two channels can
be combined to determine the valve force. By splitting‘“
‘control of the initial force and control force between
multiple channels, the control system can have increased
. resolution controlling the control force and can react
more easily to dynamic'conditions {(e.g., changes in
pressure) that affect the force/flow curve for the valve.
[0030] FIGURE 4 is a diagrammatic representation of one

embodiment of a flow controller. Mass flow.controllei 400
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changes in valve dianeter or differential pressure;

[0022] FIGURE 4 is-diagrammtic representation of a

flow control device; B [0023] FIGURE 5 is a

di agrammati c representati on of one enbodi nent of a
control system [0024] FIGURE 6 is a diagranmatic
representati on of another enbodinent: of a control
system [0025] FIGURE 7 is a’diagrammatic

representati on of another enbodinent, of a contro

syst emcoﬁfﬂ)gisésqgﬁ-@httﬁxl QﬁUEﬂgw'r?stﬁctH 239 ﬁgﬁé&l mass flow sensor 430,
illustrating one enbodi nent

cont r oldontngl \atlwwesolﬁﬁTd\Hﬁ(EDuﬂESﬁRhg’%Md [/0O0@upling 470 for

SO0 Tl LSS A B SR

partic UﬁlﬁﬁhM mAR N JERSYrt30f whidh chi faide upSY&t hf\downstream
provide a system and net hod of dual -channel val ve

drive iresigonsesd soleneid/460 maydiel @uplep@ws]emb@ideé GopsYsystem.

of thi [ erm"to or refers t :
t he forsl“@gr} fitd {)Jll \%12\7 %ggv%h % 8ur{%g(5/:o tffg}&,% 58}, ngld Vatve dfive circuit.
parti cul ar vaI ve configuration, "initial force" refers

[0030] a hasalé. egﬁ@lh@ﬁldag&um%@r hﬁx)téﬁeeryﬁiayﬁﬂ@al%nt}&lfér 400 through

initial porfion of the force/ fl'ow curve for
val ve, inlgefitting ﬁépnmws theaugh flogv refteictir 428y rmtrel b@év@\é%and

the tot t tf 1%{185 466 "he vlg?umg #as ﬂoqu{lc ?lt&gle‘fu:%‘%gﬁ}&i.“tgi“gﬁ is

“contr OO| orce® 1ndicates orce a

t 0 t he contrdlicd byf chhCrﬁl edivce 44’03 whieH i%in uﬁth@tfdlreﬁ%"y solenoid 450.
i ndi cat es the anpunt of force applied to the valve.

[ 0029] Thsisameddss congpl w&errpmegts% the 3e& OB PR i flpv sensor
valve a1 @kodys bbbt AREED: 1 BBsMobb b RRBHHAR executed

be indic on a rst channe contr orce

can be biyribk erabaldied contari aydten ophmiasaed outphta valt o ubmrobkignal to

the t "o lcerqgi rh%l()slncresponse to the valve control signal, solenoid 450 exerts a
force on valve stem 462 to move poppet 464 away from valve seat 466. The
amount of force the solenoid must exert to allow a particular flow through
control valve 440 can be based on a preload force exerted by a preload spring,
a force exerted by the diaphragm and the differential pressure force. The mass
flow controller of FIGURE 4 is provided by way of example only, and
embodiments of the present invention can be implemented in a variety of mass
flow controllers including those described in United States Patent Application
Serial No. 10/886,836, entitled "Method and System for a Mass Flow
Controller with Reduced Pressure Sensitivity", filed July 8, 2004, by Tinsley
et al., which is hereby fully incorporated by reference herein, (the "Reduced

Pressure Sensitivity Application").
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be conbined to determne the valve force. By splitting
control of the initial force and control force between
nmul ti pl e channels, the control system can have
increased resolution controlling the control force
and can react nore easily to dynam c conditions

(e.g., changes in pressure) that affect the
force/flow curve for the val K. [0030] FIGURE 4 is a
di agrammatic representatlon of one enbodi ment of a

o, T U sy R 5 PP o

fl ow sepsem 54)3Qccordiih@tt6 ohe ¥abyEn’ACef tEOPRE&It thvdafen. Control
out | et flttln% 460 and 1/0 coupling 470 for

conmunistgemyOkaR ncidesansos logg o aripus i sprssd dlpsv based on the
manage

i o aanames b s AR AR AR Eeh UhS B R, resistors).
and solTwrckskod BEintyl da indudd mﬁsdrdogl secisdte thtertitt edic of
system _ . T control valve i a_current

cont r ol SHEERNG G T8 B 7eenstied Vs FIGbepogn laicaface
(e.qg., "l r t

Cont'r ol Taitygh A fencoe VEPRILAR Rl G1igh RpRacty Rty

t hr oughncrowmaueéby ré¢fetence hezrem Boeessot 505z, @RIO, ASKLC, b other
outlet fittin ég }/) meof% rovm g Béggg

out I et PR gna0 1 £ Sl B s<Be T tecpstiauiiogje D EBY an analog
440, Wb aigitaB("AMDYHWoRv&RRHL! AAScdiNeds PUafl réefre thd Bised
enbedded control systemnonitors the set point input

and f| dlavwssgnaad fromosenpertlogia S0band epnvertghe rqchlmed signdl ta g digital
a clos I X

arbed dg%)r%s%ﬁ t18 Hh%tsg%egcffé)wa?’%c%%s%ggbf B%r} elvgﬁ\?esensed flow

cont r olfrosi Aﬂalcoﬁ\ftrthS(SMB%@éd 6h 4 8i}ital 6+ anaRRIBSHIAISTRPplied to
val ve contrgy6 si gn solen0|d 450 exerts a force on

val ve SPRERLEES0Q.gn SERRRIL W ABACSHLy> 0P camesnaTafe a degital
466. Thentrdd Qf th@f r efn‘?:%é‘rﬁs h&8 nARhanAR < Fﬂﬂﬁip@%ﬁ%& %IB& to

all ow a partlcu ar flow through contro can
be baseegudatie Suidrfidvodd geueratingthe Dbm:lblbygnal poutralbed 500 can also

a1 1 or el B FEEERE BEngtdotRL T E0E SRRPE & Werml mass

cont r olflo@r seﬁfsorEB@JBEdélschBed)frﬂym@&lCStbﬂés P&NtOA ppicatith Ro.
only, and enbodi nents of the present |nvent|on can be

i mpl emd At88d.0%, entitled i'Attijuds Inpepsitive FlowDeyiee Sobtemrand Method",

i nclud S ent

o | eSS BU e Bk BBl borggraced by
and Sy séferentolicreinMass Fl ow Controller with Reduced
Pressure Sensitivity", filed July 8, 2004, by Tinsley

[0033] According to one embodiment, the present invention can utilize multiple

channels to regulate how much the valve should open or close. The output of
the first channel 506 can indicate an initial force to be applied by, for example,
a solenoid. The output of the second channel 508 can indicate the additional,
or control force, that should be applied to the valve to open the valve to

produce a
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25 et al., which is hereby fully incorporated by
reference herein, (the "Reduced Pressure Sensitivity
Application"). 10 [0032] FIGURE 5 is a diagranmatic
representati on of one enbodi nent of a control system
500 according to one enbodi mant of the present

i nvention. Control system 500 can include sensor
logic to output a sensed flow based on the 5

resi st adrsirsd gow: hecardingrteane ambO@mms@ﬁtbaszenseventlon the
el ement S e c_50

i ncl ud e§03n éﬁ% gorrc Ea%sﬂe lleﬁlregémed ?Shha e &fﬁ th égfp%}a’lng]fgfce‘
United States Patent No. 6,575,027, entitled "Mass

[06349w SeAsah eka]ﬁlﬁéflﬁﬁ% tofal foged ﬁeqmrécﬁt%%@n dWARe ks 10090 Bow is

to Larson et al., ch is hereb%g; y incorporated
by ref efapstisredal0g; /hfor% Hes sbyme qaa. ogltput epignalng)iglicate that

or oth eﬁlg 100RIP SRR F%g?,g@gwl@ Q49 Fokc %Qc?r%m& t8 ope,

connected to sensor an ana
(" A D')embodimentethe pt2ent Aiiandomuie foece 156i&atkd yrfastaihdenel 506 can

the se fl.ow nal froms or | ogi c, 501 and
conver ?‘t?et ?Pé’r?’%@@@%aleéﬁab’ﬁé‘mflﬁg WPiSegpnd channel 508 can output a
I epr eseqb 't@fhdfgaletth@ perRBRsgk &t tﬁWrenPsﬁﬂﬁ $Set gesgsth%%‘m%mmg

receive %he sensed flow from A/D conve ter
on a di Yi%pdorcerthaiiht ecfuater SfpxuldnprS)O'Foap}pﬂmldd, secoritichannel 508

control | er. ocessor .505 can
gener at ‘léa%a{nélggg)tetﬂéqt ghec cﬁﬁ? Y gﬁaﬁgﬁwg f@ﬁf%ﬁ@ﬂ’t"g frRgéy The
mich a sapine of thielfirst chasie] ahd %c@ﬁ@clﬁ&nelrc%ﬂlﬂe%bﬁlbfﬂeﬁ'téi indicate
flow In generating the control signal, controller 500

can al e Valyé dense 19 be anhied By the agteatast Cphtenmn@wﬁhlthmﬁ»segmng

fl ow se r fl n 4

descri be ?Utgﬁt ?tlggaﬁrsgai en‘fl aﬂgw?e. s%a r?C{)Cn aﬁgél cﬁ

10/ 887, M&hmt&hﬁol ihdlieate 'tihit thet dcdetdrizbeuld iapply 7284 6fthBDestilforce
System nd hpd", iled July.8, .2004, ' ht .

Che son. G445 Pﬁﬁlﬁé&’%@{?r%ﬁﬁt@e b A6 BlusqUHyo! e remaining force
refer en@s&h@ 861R#d1 fork &3 e GO MTHE BotphPo e cRIRERI AR ‘BE combined,
the present invention can utilize fmultiple channels

to reguAcaplingiy ang embodienens pf e presentdnegngionousing askiétional logic

an' i ni tanoRh BE iR WBURFRRR pURER, o o ©

sol enoi d. The out put of t he second channel 508 can

[003%]i catg tﬁehﬁlt?ﬁdiftﬁrﬂ@ﬁhnnel 806 maRhtelkh fHRE §8be Eﬁ}ﬁfed at or near the

shoul d be a%r ed to the valve to open the valve
pr oducevavelthresheldifprsd, the dull respluteriphggcomd dragnel 508 can be used for

embodi %QEOI&I‘O] I‘le()lg) %r\]/glve.nlxgtﬂlt'nllggnt’o tfleh Srevious example, if the valve

threshold force is approximately 44% of the force required to open the valve
to achieve 100% flow, and the output of first channel 506 is configured to
indicate a force to be applied by the actuator of approximately 44% the total
force, the remaining 56% of the total force is the force used for actually

opening the valve rather than overcoming the preload. The amount of
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control force can be represented as a portion of the
remai ni ng force. [0034] As an exanple, if the total
force required to open a valve for 100%flowis 5

consi dered 100% force, first channel 506 can output a
signal to indicate that theiactuator should apply,

for exanple, 44%force. According to one enbodi nent

the present invention, the force indicated by first
channel thsggmaimng hHedoased idigieied by therautnugiof seqond ebéraietiS08.
force. Second channel 508 can output a signal to

bR T o BE SRR T et OF Al il ooeis D R incicate

apply. thetrespsaip! Brces RLUhpH E@Hé&l‘diﬁ? & arfyafgitd) & 6A416¢ scheme
that the actuator shoul d aPpIy 50% of the remaining .
force. Kievn igthpaitsFasrexanpler ¢ach chamghenn owpiet asbgitnh depresentation
channel | I ngdi : Lye.forc

e, SRS SN LGRSl 9 o

f or egoi applicé f@mmatle chanhel. Awt@dingad ohdembodigtenchixhe etesent

and t he, second . channel .can be 15 conbined to indicate
that t hi8YEHRAtSOugHE Qf 6665&3??31?@%?;? C{hee ¢ Brlas Wigh grodulated
(e.g.. @n%Mf) difl il fbulieidasiobl®y sk ofbrdifh ¢ Skill in the art,
pl us 50% of the remaining force as the control orceg
to t he ¥BWM signakhasutpetet Gequeney dhaachepsioddR). beferred to as a duty
Co et BSRE LA RE RIS s 3P low o

i nvention, "using a r

exanpl e;mk P_)[ {rﬁhgs'%ﬁlalaﬁ gg?‘ﬁgﬁggﬁﬁﬁhg tinfedi éaQQ§r?%eeiln§r8 b/g-m()% of the

out put of st ¢ I cates a for

appl i eddidy cPdle NEPYesdt Mere MY & 9@&&%’619.' Ap W S8iput BBy hav

full reso u??on\%# second channel 508 can be Used for - -

t he confreqyeneyeel KMz aidt)cahvangeHemuPriiOpg it mctemeents of .1 ps. In
previous. example, if the valve threshold force is

appr oxi ety thes BV sienal has 0@ SERYRETIWE ©¥5!Dpen t he

val ve to achieve 100," flow, and the output of first

[o§Fgnnel AE’%‘? ibé ttﬁ@ﬁ@‘ é'IHHJa‘?I‘Eeﬁtooff tlgép%je&% &%xgt]id;h, g}geggqﬁ%tlet%fthe first

e applie e actuator o roxi mat
total dhanod can betpuneaBWNMBEna6Htbh pulse widthaglrop@tiel ksthe initial

the force used for actuall openi ng the valve rather
than oVOFEdREHYS tnibe &téﬁea%z Fefifaait k@ﬁ%’rﬂlqﬂi Torcpissta% of the
remai ni Qe fEE, YREPWN stinglt RiBsk fiyh T s@ps & Ve
channeﬁ 508.L[0036] Ifgghdhlﬁg%egmg?gg@%ggﬁgF?F§§h£&ﬂgLyde
channel F@&Gecanddhswd n08,cha ARV sn8! wiihbe ngh éattbe pertien of the

respectjve forces to be applied agcording.to.an .

ai o1 t al SY ¥t Pobotitnatie T e Of inetRwasine fofestto be applied
exanpl &j.e e pfdporitmANG! the aRo@ioP e Btallkdtd Alinus the initial force to be
representation of the force to be applied or can

out put applied) Hgtorenamplessecond ¢hannelr508 indicaies thapil% efithe
for eacrjam%ml;g]ﬁ)lme 1'?‘9& BL gﬁﬁgdt e QWMes%]%Ffrgl%nstecgr{d cghlagnel 508

pr esent
can be set to high for half the duty cycle.

[0038] Processor 505 can generate signals on the first channel and the second channel

by executing a software program



i nvention, the output of each control channel can be a
pul se wi dth nodul ated ("PWM') signal. As would be
understood by those of ordinary skill in the art, 10 a
PWM si gnal has a preset frequency. In each period (P).
referred to as a duty cycle, the pin outputting the
signal can be set high for atinme tl and |ow for a
tine t2 that is equal to P minus t1. The tinme ti can
range from 0% 100% of the duty cycle in preset
increnents. For exanple, a PWM out put may have a
frequency of 100MHz and t| can range fromO0-10s in
i ncrenment s.0f.. LS., Ln 15 thi ase, the PWM signal
has 100 stgpds? CJéIr '.w?lJltll§l/e (fyg?néc.mf(‘)"g%"f]ﬁ?(&'cﬁﬁﬁeﬁgasté HiteoL
embodi ment C%‘P“?ﬁfel?ﬁ*é%‘é’ﬁt’n? Vet & rrompiter oreapgalileofeding
first chab¥felle @an REBRQYU RAM, PR, SEDiRAl metbiy) Ragdlse
Wi dth propeiste)abptifat Beodddk td:abead:Ol&iButdl) BLNELL Qemory
eis

3
the total For anple, if the initial forc
44% of themtcvgt%gl Efeo?’gté,' FE PR SYgREACSITIE 5B highone

for 44% of PRSP FS the BreseRy ioyertéon,2@oftypliec oo can be
channel 508iibdased\Altisitgaalprddskobasohi@hpdtar a tdh€esho1q
portion ofsigh& ofluh¥ A¥el &nRRLAIOLS Iig&‘:ﬁ'.l £ QnlPe2Mount
of the rengipln feoracel,t%ibe appl1e (a|;e.,.

© proportional to the BotRti ot PHEREIEGRL theytheeskpilorce.
the initi dA*°FOPER 308 498/ amsptdiad)to bhs mpdy o€ xapRPhicon,
second chawheit 508 thrdheht 85ginainda0%: 0k dReroint signal is
remai ni ng Hpe1d S Lo Be18Ppsd €d, the PWM signal from

S ch el 50 5 can be set_to hi-gh for half the’
qﬁ[?gg%yd Z".ﬂg[cdﬁg’gjq BEr oFa’Bﬁsl%%ﬁteggh%rdésﬂetaéi epnaral

on the firfdfnadheitmet canseache chenmridsehasirel anbyontrol
execut: nglsahs'tgaf rtk;gﬁeinptmraaﬂ) lScldiih@%, 580 nbPAlilbG& ALo, a
control, alg®r iat g s8I0 -of . conputer _
-instruct g s Sg%kg%td E%ﬁpﬁﬁi gf’?sree%ac’ ak_?ftréer%%ﬁtﬁfﬁ Bggrithn
(e.g.,, E arg()\ﬁhefPé%ﬁ%éMﬁryF%g‘WéW%es how far
storage, Optivelye skvidpprenrbagetierfor caxputie; dreasniblgtion
menory  koomesifort i ddive, RCCESMR enbMigR GReSSQL ang

505. In opg sephqdi 4 .9f the present_.invention,
control | er.ndggogg’an gggéliggl i bratea’ sscg‘ghf"t‘ﬁﬁt‘:hﬁ?rtf&essor '
S

505 out put ¥ &9 BsHetutalsfefraltheR dshapHtoktatehashelvalve
to i ndi catereshald fénge; rihkei mlount othe evatiOe BRoARPbHE] ESom a
appr oxi matalgy dheullyr erdiak dof 8564 opeRl AGEFSQL.PRP can,
accor di ngp;ogopﬁ%naﬁcgg af. %o%@tc!fogﬁé out put the

poin

threshol d, si.gnal . whenever "a Set FoR3gA% fpEee applied
by the proportional actuator. Therefore, processor 505

can indicate how far the valve should open by indicating -
the .amount of remaining_force that should be applied to

the valve, assuming the first channel is indidating that
the initial force to be applied is approximately the .
threshold force. For example, if the valve is to open

50%, processor 505, in response to the control algorithm
determining that the valve should open 50%, can indicate

on second channel 508 that 50% of femaining force shoﬁld C
be applied. The initial. force specified by the first

channel and the additional force specified by the second



applied to controller 500. [0039] The contr ol

al gorithmcan calculate the digital control signal

out put on second channel 508 using any control schene
known in the art, including, but not limted to, a

PID, a nodified PIDwth offset or other control
algorithm known in the art. The control algorithm
deternmi nes how far the valve shoul d open based, for
exanpl e, on calibration curves for the valve, gas

flow ng through the valve and the set point applied.
Assuming the first channel i*fdicates an initial force
that is approxi.mate t he valve ‘threshold force, the
anount thg&v Ve%h ! 0 FRBHES, *F FBTARRT SRy aabe feqqeythat
cl osed to “’thFJr%/bepfé’ﬁllqut@él“}ErV&ﬂV? proportional to

t hEdodAbuntCoptrdiher moOBiaAdic1 idy a8didRPtd1eOhpubYodtpe :
propor ti onabaggh HalQr -rolNELE ﬂ-.recon%eﬁ%%%fo %%51?&11& 2

i ndi cate howfar t he valve s

t he. amount™ 6% éﬂ’i:ﬁr%???g tp ostu8%°rtth%ﬂm§hﬁ§P "Bef‘ﬁ’ﬁ‘p"r‘?nédsu‘:h
to the vasvéRdagigainrytehdnftinustioohaiidel Adgitionally,

I ndi cat i ngohtratiled 1560 idahtinkh udeOh&BiotR B HARLd € 1 S

appr oxi Matghmyunli B o t:mhegml de ogrrgo%trc'::]g%g%‘?(canpl e if

the valve is,to0 o g processor n’ r esponse
to the cor?tdmorflsafsg: s tcﬁﬁ?utdéf S eRfierher ceprblo Aifve
" shoul d opéf™B@ifatdag dvediaaewiorbn second channel 508

t haD450% Ghcurai i mgilﬁefa@:ﬁaﬁf&oblé&esb&a@my bed chPc‘%oller
initial. s?gééﬁ §6ﬁeghiﬂ SM@% agﬁﬁtlonal 1%55%29or 1ﬁgﬁng

addi tional _ force s eC| Secon
can be cofBiHEst o El‘éttré? rﬁyﬁée“t RRO \Paf \i@ct¢lece Rrigessor 602
shoul d be (apticrespntoolilhe, wadiietal GA4l fanrbsold, edn ROf: or .
can i ncl udenaxdgiddesy hdWRULA QUL RUt) t‘ﬁQPath' é:léc@n?e For

exanmpl e, I can_,i ncl d
nm GQEHJ%Ql 1g£tég2 iqQhs, store com ¥te6rﬁ§agiﬁﬁe m%ﬂium

interface tqo support admni's rative: fUn
updating EOMPRLTERF fO¥ (RAEFONELITEEED Apehmt Loriak| art-
contr ol I eAcE&POingho jone| emped ehnortk thenpesfehe eisivbition,

processor 602 can include at least two outputs, a flrst
output 604 (the threshold output 604) and a second output
606 (the control output 606). Each output éan be a PWM

output that can output a signal having a particular pulse
width per duty cycle. By way of example, but not
'limitation, each of threshold output 604 and centrol
outﬁut 606 can output a signal with 16,000 steps per duty
cycle, with a Page 14

fundamentaL frequency of 2 kHz, or 500us perlod The step

size is 31.25ns (16000 steps possible in 500ps). The DSP
may be a Texas Instruments TMS320LF2407A, the open drain
buffer a dual-package Fairchild Semiconductor NC7WZO7P6X,
the low-pass filter a Sallen-Key topology active second-.
order filter with f. = 100Hz, and the op-amp a Linear
Technology LT105758.

[0042] In other embodiments of the present inveﬁfion, threshold
output 604 and control output 606‘ean output a different



conmuni cate with other flow control devices,

adm ni strative conputers or other device capabl e of
comuni cating over a network. [0041] FIGURE 6.1's a

di agrammatic representation of a controller system
600 that includes additional |ogic for conbining
channels. Control system 600 can include. a processor
602 (a mcrocontroller, a digital signal processor,
an ASIC or other processor known in the art) that can
execute conputer instructions stored.on.a conputer
readabl e medium to inplenment*Sany control al gorithm
known in the [-I: 1 R S| ccordl n\gcrto one enbodi ment of the
present invention, > Prot&sSOy. B2 A # (LFiRFenftnutlesrs bE
two out put 35°P§ geTr dyty erlputhag (4 cltdtset hr eshol d out put
604904§hd artsesnsid mﬂpﬁ’dt604 6&6 1’(4 b&uﬁQBéJ Ql) &ugﬂﬁ drain

Sog?gngf‘chmﬁﬁg?‘sﬁg‘?ﬁ’%u N A
cycle. By wa éXar?B?’édrThﬁ‘t vl "'Iof’n?stsaﬂléﬂaly eae«#eefthe

t hreshol d %‘@Ft ﬁ)’tﬂnaﬁcﬁap tired refrrerae voldabteuv..5Q6 LrdBther
out put a sicgns) opkid kirdf, QQﬂEeSt@I@SgJQz%Es &‘ét ;)Z(ulsgé( Cz:'fethe PWM

th'aPp o ik
500 per i g The, et apoienblE YIRS 4 Gooblupapgeton:

The ep
possi bl e i1 B0GE1 isyhe {%Pl %‘ﬁ?“toér%in Pestagrain buffer 608
"1 nst r umenthss TIISB 20 [TRIAGTAG tide wodn and sk vBUESGRl. @he

dual - packagee Rakeghill 6k 5&119@@@495410&04\'%3\%%5’6 e1e LBE
| ow pass ft'thaeJea‘%r%QL' eg g Yyd Q:ggl o% active sécond--""'

order filter wit dipted) Lihear
Technol ogy PACEG5%88. t¢ GGﬂZ]anr‘l‘lofq?éF eﬁ‘b@daunnm of gfen
t he presendfraimvpefiterofls threesiteked tous pdi £Q4 ﬁﬁder 612

contr ol Olﬂhﬁ)ﬂJtreéﬂﬁflG@Qh@LﬁWﬂUJlgﬁaﬁ'tgf(.exreggé C ou Clith a
of steps pgftaggtﬁlroﬁggl na%nQO dlw:.tdﬁ%ent F%E‘TEIT slgial If

st eps per Ran 6ac
- Thr eshol d *8UtpOt: 8642 M ML dhrrerented an operceatage of
the total available steps (P.), the output voltage of low

pass filter, which is also proportional to the initial
force, is approximately:

T=VratPt [(EQN. 1]

T=output of low pass filter

Vewer=reference voltage .

Pr=pulse width of threshoLd signal aé percentage of
available pulse width

[0044] The output of low pass filter 612 can be connected to a
summer 614 that is also-connected to reference voltage
so.urce 610. Summer 614 subtracts the output T of low pass
filter 612 from the reference voltage to give a remalnder
voltage of approx:.mately

Vzemainder=Vzee~T [EQN. 2]

[0045] :The remainder voltage, according to one e@oﬁment of the
present invention, is p_ropoftional to the remainder force.
The output of low pass filter 612 can also be connected-to
summer 620, described below. .



buffer 608 that is also connected to a reference

vol tage source 610. Open drain buffer 608 essentially
squares,the PWM -signal to the reference voltage
(Vief) . In other words, open drain buffer 608 gives
the pul ses of the PWM signal output at threshold

out put 604 a particular height such that the PW
signal output from open drain buffer 608 has both a
regul ated tinme width and peak voltage.. The tine
integral of the PWM signal for one duty cycle (i.e.,
the area under a pulse if théépulse is charted) is

pr rtion to-the injtial force. The output of open’
or Lo E)uf f%r"téﬁs OFPUE ififetieBe 15572eIte% t9ak SeFeTd epenGdPain
that recti®45Esr t5he PH¥Abscgmalsd be crosad¢ea BCHIUbRtHut of

wWith a volinage epeopopdd anah bursbhewi dhbr&f tﬁé“%ofgm

signal . |fgiqhbe Wi gdih P | se.d.5 represente
a percent éﬁ]of e ?eg{aé eé%l?g%ﬁ BT ST ER ‘ggy(mer ofé-

out put vol tag8 8P PGWPePaSSLR iqufer, SWﬁlcéh dognerted to a low
proport i orP&ISStﬁ}ltehe 61 t bad paf0ifLiteri GlsapitOridint Yatput
T=Vref Pt [HGhh1 3} ofeRlirput befelrog\iG paﬁx% éd Lelos

Vref =refer e uI reshoi'ca’ pass
si gnal as ggg%eﬁ?éatlggaofogts oh ]ISaB% Y,ﬂlgég?m(a{ PTPRRFAAgnal

The out put™of"9 BWsﬁa%tquft ‘é’i‘e a8y Sémﬁlbeumnrmrct:mrbb
a sunmer °GtEntt biinal 08l sppeorinecdi@dadcordigletance

vol tage seu(g.010k. Su r $H14 subtracts the output T
of | ow pasg_,fil,{ %r ass the reference voltage to
give a remai nder ? proxi matel y:

" Vremai nder W@fseT”’f"EQ\P Efn‘[@@@]gn%esrmemniee of

vol t age, aerdildbirgprtizeowmeitenbodi mnent of the present

i nvention, is proportional to the remai nder force.

The t pu - Jter can al so be
cgn(r)}‘ggt edtril;g Jg%%’rg?%g‘ﬁ(f scl:F‘Trbébl B8 GRpected to summer

Summar 620 adds the output signal of low pass filter
618 to the output of summer 614 to generate a valve
control signal having a cohtrql voltage (V) approximafely
according to the following relationships:

Vc=T+(_: [EQN. 4]
Ve={(Vremainder*Pe) + (Vzar*Pt)
Ve={ _(Vtaf—?t*vref) Peo) + (Vzar*Pe) [EQN. S]

Ve= (Vretpg- PeVierPotVegs* Py ) [EQN. 6]
V= :at(Pc-PtPc"‘Pt) ’ [EQN. 7]
.Vc=Vtef(Pt+-P'c(1‘Pt) ) [EQN." 8]

[0048] The control voltage, according to one embodiment of the

present invention, is approximately proportional to the
valve force. Summer 620 is connected. to a proportional
‘actuator control module 622 that, in the case of a
solenoid, is configured to generate a current proportional -
to the voltage of the valve control signal.

[0049] As an example of the control system of FIGURE 6 iﬁ

operation, assume that each of threshold output 604 and



16 [0046] Control output 606 can be connected to a
second open drain buffer 616, which can al so be
connected to the output of summer 614. Open drain
buffer 616 squares the control PWM signal.to the
remai ndér vol tage provided by summer 614. The out put:
of open drain buffer 616 can connected to a |low , pass
filter 618. Low pass filter 618 rectifies the output
signal of open drain buffer 616. The output of |ow
pass filter 618 is a DC signal with a voltage (C)
proportional. to the pulse wtth of the PWM signa

out put on cont out put signal 606, approximtely
accgr di ng °f %tmi‘:—“f?ﬁ‘te § ﬁaﬁr‘)%t?’tt PEONiITHLs kmsdng gt tof
| ow pass fFt308rstRpeRel stutyi eitche of Fooimiek Gdsssherakt @dntrol

per cent ageysfen @00ahdsabbeh pali@atmicdtdy LOQATLL, m% prH}lve
of | ow pa%ﬁrefshucﬁléf 648 s +ROLES! %ngcteo Ili'lxngl‘égerf ‘i"l’*tdér the

Sunmer e output si I"ow
618 to th8°’geﬂ}t°b%tre%ﬁlr§ﬁrﬁ+ér°f6%ﬁe ttetﬂeﬁeumt sequiyed #e open
control stihaklteavénpdetelyord rehchy ohd ageve( YBeshold.

appr oxi mahediyioraGePr dh NGhib Qextalﬂﬁef ok d Qi ”cglra% Itr%a refegence

L et s e YLt afkennals Sutate, B star sy =
[EQN 5] SW hhak F’Gdﬁa\?ﬁéf@eﬁ—\ﬁlé#*btfyr{%@@t ghould be
Ve=Vr ef (#RrlPedc¢ePicpréEfhlte 7] readd=dect{Rle+BocindMd). )This

[EQN.' 8] cirﬂgé-aion;h%oﬁ;@}%ﬂleeﬁ wlgéxg%tsflx?gcsﬁ’fo%p& to
nb res
appr oxi omad%“gE PBnh i ARLFSEaR R S ARG core) carce zemutred

roportionar
Summer 628 | g oRPREctRAI Vaive Beidopantrpbiedl Iacthiat case,

control npwhgkssoE2802t bat putgutt MOCQ&@sogferad&QJ epQiedl, o S4s

confi gur ek tge aeae a&aenabféi SIS &l{tQ'DQJJl 60N %Ypen (Rat®

vol tage qguftfgr 6}59 essen }.{y mu tl%lies the reference voltage by
Py (.44 in this example) to create an output that is
passed to low pass filter 612. The output signal of low
pass filter 612 is a DC signal having a voltage equal to
Py multiplied by V. according to EQN 1. In the case iﬂ
which 7040 steps are output in a duty cycle for P, and the
re_ference voltage is 2.5 Volts, T equals 1.1 Volts.
Summer 614 is configured to-subtract T from V. to
generate & Viepainger Of 1.4 Volts according to EQN 2.

(00501 Processor 602 can also output a signal on control output
606 to indicate how much control force should be applied
to the valve. 1If,. for example, the valve should be 50% -
open based on the determination of the cdntrol algorithm,
and the threshold channel 604 is calibrated to indicate
initial force approximately equal to the valve threshold,
the percentage of the remaining force (i.e., the total
force minus the initial force) applied will approximately
equal the percentage the valve should open. If, for
example, the valve is to open 50%, ‘processor 602 can

output 8,000 steps per duty cycle at control output 606 to
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[0049] As an exanple of the control systemof FlIGURE 6
in operation, assune that each of threshold output
604 and 17 control output 606 can output PWMV signals
having up to 16,000 steps per duty cycle. Further
assunme that control system 600 has been cali brated
for a system having a "valve_ _threshold of 44% of the
total force. In other words, 18he sol enoid requires
44% of the total force required to open the valve

conpl et;

A dgp ti olﬁgl]}é?t'é Phdt %%?Etr&rfgrc\é %z?f % E(Wo %% B\% r?rﬁlaltnd?r force should be
referen{pphed/dhtlﬁg&se? 2secﬁla}\/tm| SS Threshol d out put 604
can output a signal 'that indicates the initial force
that should be applied to approxinmately reach the

[005d] ve tOpenstrainduffeh6 o cananulbiplydthe elgnil(ffonﬁ? xadtrol @utpay 606 by the

generating. gn oyt put proportl onal t he . rcent age

of t he TPRRIEACT Valiage, vehjth Faoparional tq ﬁleéﬁeﬁn §rloty; ahd pass the
bei ng

out put qg%%%@s%lg&sl tdpﬂ)vdﬁ S ﬁgt@l§§108 gﬁé 891%326}; lo@%siﬁl@er, according
st eps doant almbedlmnt, lsan blm PCsighad of QFeviolthraacordingtd FEQN 3.

608 essenti al nultiplies the erence volta

(- anumee28 sl Siigh el bSIOYRaS AN RS T the output
passed sighal 8MoRasSs fiittt AR t6 hénerdtt @ valieRdhtrsl ﬁg}ﬁl thg a control
low pass filter 612 is a signal having a voltage

equal tv®ltage Voof 1 BpYelsccpgrdipg te s Biongrtlpoalaquamr cpmtrol

t he caseé whi ch 7040 st egs are output in a duty

cycl e fBRAUNE 62neaniqoavert thed S Kalls t 3InroRaatipnal gurser%fr gause, for

T equalegahpik, %lel)f%n? §%pén §34. i s configured to

subtract T fromV,, generate a Vremarnde= of 1.4
Vol ts according to EQ\I 2. [0050] Processor 602 can

[00&R}0 ouh fthit exanpilgataive, thfesh‘xﬂdbntplut 604 gidt confBboutput 606 indicate the

i ndi cat.e.. how nuch contr h ul d be lied to

the valiggal IreE sl sprEatifisead bE RerFd iymedt HURE S s a pulse

open bagath RBpdrhiEndled ﬁferﬂ)f&@ttd) ge aﬁﬁheﬁhﬁa&@w{\@hgmal is squared to a

algorithm = and the threshold channel 60

cal i br avlaga-¢h¢ reflrergeevoltage in the case of threshold output 604 and the
remainder voltage in the case of control output 606. However, it should be
noted that processor 602 can indicate the initial and control force to be applied
in other manners, including through digital and analog outputs that are
processed to produce the appropriate force on the valve. Additionally, it
should be noted that because the threshold output 604 in the above example
indicates an initial force that is approximately the valve threshold force, the
pulse width as percentage of total duty cycle output on control output 606
approximately corresponds to the percentage the valve should open. In other

embodiments of the present invention, the initial force indicated by threshold

output 604 may be different than the valve threshold.

[0053] Additionally, in the above example, the valve threshold does not change and,

therefore, the pulse width of PWM signal on threshold output 604 remains
stable. According
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initial force approximtely equal to the valve
threshold, the percentage of the remaining force
(i.e., the total force mnus the initial force)
applied will approximately equal the percentage the
val ve shoul d open. If, for exanple, the valve is to
open 50% ' processor 602 can output 8,000 steps per
duty cycle at control outputl®%06 to 18 indicate that
a control force that is 50% of the remainder force

shoul d . ied. Ingthis case Pc.is,equal to..5.
C0051] 1RfibeP b enb Be bl eRE fviion hiFE R heirigl force
from candicaéd onihpeshoRAmtpy 60hean 5hdhgé[&i o Gtarée) dsAkEpressure
which is proportional to the remai nder force, and pass

the r&spgrienaeyl &y gedlowt epntrgllerehangss; theaialvs threshid can also

out put 0 r r e - .
enbodi ﬁg{lﬂé,& gfggéﬁ%gr é\dzl[)é(%ﬁsr?%na?gg?é Sgl.g' 7 S%OF [sb %ect:%rglrn(lﬁ vr‘{lémh valve
t o EQNtireshoRlishomid Giply arahgeneratd heoredsponiding POiMIsignabeon threshold
| ow pass fiI@fr 618 to the output signal of |ow pass
filter OBPHLP ‘generate a valve control signal having a
control 10 voltage Vc of 1.8 Volts according to EQN 4.

[Oosﬁgpg.r té’is\?iglae{xg ﬂ)el;' gfttgé v pQQEIﬁQho‘d'm% :?oo@g %x e%ﬁﬁlgfs% I;from 44%

roportional current o cause,
exanpl ¢o 30%desmise thmi predsoreatifferebiflohap Hebedked, but the set point does

exanpl e ahove, threshol d out put. 604 _and. control autput
606 i ndPLEaRss ke Olftmlttqfiq“vﬂ)a?sc@teaﬁ@ %&PP 8iDG igedl wilh a voltage

be applof 89 54ad134030FYWasl Biiak Ve RuLse 15
propor ti onal PR Tores togttJe ggpﬁ e AeMERLH Pd\?\ﬁmgﬁrﬁmer614

si gnal will bsquiaresltst Bedauee)ih ﬂﬂ?exéng}ﬂe,rtﬁé Sdt PBIHE st¥1P HicBH& that the
in the case of threshold output 604 and the remainder

vol t ag¥alve shopdd pe speny0% oionitel OWPRLAPO cepEONtiRYIELY ERLpUS the same
shoul d I gl cat. e

ool ol T8 Sl OISR SR S L 057
manner ¥olts NConsequently the ogtputio trutaheradi2d veitl dleagyabuet qoutrsl signal

on t he "0 ARG e AL 675 Sl Artip ol redute g can
becaus grahd)fte th15 98IRYednB Ul RitenfPd: dalisdsliRe AROMS: t%@pﬁJ e

indicates an initial force that 1s approxinately

val ve apprephigt dortotactbe valve. Thafoses refuitdd tasthp ectuant tgepen the
of total, duty .cycle output on control putput 6

apor ox (HE eP% 155 BB h At n 8 oRetiie AR oihe rgptgppressure
shoul ddiffeential tawdinger sn2dilee thesbrent s of the present
invention, the initial force indicated by threshold

out put 604 may be different than the val ve threshold.

[0055] FIGURE 7 illustrates another embodiment of a control system 700 utilizing

multi-channel valve control that includes logic for combining channels.
Control system 700 can include a processor 702 (a microcontroller, a digital
signal processor, an ASIC or other processor known in the art) that can
implement any control algorithm known in the art. According to one
embodiment of the present invention, processor 702 can include at least two
outputs, a first output 704 (the threshold output 704) and a second output 706
(the control output 706). Each output can be a



[0053] Additionally, in the above exanple, the valve
threshol d does not change and, therefore, the pul se

wi dt h of PWM signal on threshold out put 604 remains
stable. According 30 19 to other enbodinents of the
present invention, however, the initial force

i ndi cated on threshol d output 604 can change. For

i nstance, as the pressure experienced by the flow
control |l er changes, the valve threshold can also 5
change. Processor 602 can nonitor a pressure sensor .t.0
det erm ne which valve thresH8l d should apply and
generate a caorrespondi ng PWM signal on threshold

out put 604 EVSAFEAE HirtekiMifAes ithreysd ¥ &igial signal, a
t hreshol d Fercehe bb@peli@danpl e changes from 44% .to
30% dB5¢ ausendebio1pr 8spUt @0di dahese e&dzﬁbtdaaé‘o anﬁh%ascﬁ%ual

but the sel, RgLl daGs:.c10 et ahande e upul. of oo,

| ow pass £ ter
of o 75 VoP98a} o3 snalogcigpah ﬁg%ne ECORLYAge proportional

Vr emai nder td thenisdipimdr £6td indidatedddylthASddMakss signal of
Because, lfhrt«.moidea@m o4l heoﬁ%ka@%n 5 £Siel bigdbetat es

that the alug,3noilg. bg, BN .20 g0l guf pur 696
Yt it | SIehRaIE TR Rt

can continue Sane
si gnal - of 1784 8\9\/ Eﬁlgégeq‘ PP ttéla i@ablali Fezcej rkhe m@’fp’e‘agé DAC
be 0.875 1B8Vair be 4@8nskqueitttiance theetayet priviadd symmer

620 will besra-aakvie e tol-csidaal LKt
vol tage of, 1. % VoI tm%grl;ator Cgﬂ%%?r‘%lg {Ltn %12}3 zact.

can transiate ThArS vo;f‘ct Ade TR 5% TEEF°BRT YPhEee cHuses
t he act uatRFPdEs apﬁcﬂm?i‘t‘*?é voapificophatat € PRercrtiqnglt fre the
val ve. Thercheirgierraguer ed by the actuator to open the

Val003750%do§t££3§u€phémo'snc4nh§e Qﬁﬁé’e'cgé‘cf‘ t?xaagpéo%dbﬁ&a'v‘f'ze

of the gregt pressure 20 differential causi

snal l'er t hr es ?fm FOTEET PF CORRIMF | 10453950 %s m‘éJrF&PHé the
enbodi ment® 6?ala°€d:|?PF’€ﬂl YPER MO0 the kpmdinger voltage.
mul ti - charnfel foraéxspprantsirol hatpitntddldes aog endwbos of

combi ni ng &Qm&lx&ng £oat fs%ul%yﬁé %%#%9 «Soa@hé Qg!LMadetk?e

processor 79@ag crocontroll

processor, KI8T BERET sbqnéf:eqfs%c aﬁ%\ﬁﬁ”r Il?etﬂ@ half
art) that t@arr-ezslr}dﬁplmme -arBhecortprvlsighajerett BAC KRR vamd
in the artoacApBotdi B¢ sutméner saradyERb ;Q:t:dﬁc"éea control

present invenhi oL RY an jnclude at | eas
two  out put gﬁgl |lrngtao%§lt§§35 fgﬁ g%t R e r°l uf'pite
S

704) and d °€‘8n%r°6&f5p&f’nt7feé sighe SEShithah tB%taﬁE‘tat“

706) . EaLH?PBlNeEU¥ vedve lfer@ to the valve that is proportlonal
the control voltage of the control signal.

[0058] FIGURE 8 is a flow chart illustrating one embodiment of a
method for multi-channel control. . The process of FIGURE 8
can be_implemented, for example,.as a set'of software
instructions'stored on a computer readable medium (e.g;,
kAM, ROM, magnetic disk or other computer readable medium
known in the art) and executed by a processor of a flbw
controller and/or hardware programming in the flow
controller. At step 802, a valve threshold value or
values can be stored. The valve thfeshold value can be

based on a valve configuration and the expected maximum



20 digital output that indicates, through a digital
signal, a force to be applied. (0056) Threshold

out put 704 can be connected to a first digital to
anal og converter (DAC 708) that can convert the
digital signal to an analog signal having a voltage
proportional to the initial force indicated by the
digital signal of threshold output 704. For exanpl e,
if the signal of threshold output 704 indicates that .
44% of the total force should be applied as the
initial force, the output of 2DAC 708 can be 44% of a.

f t rovi ded reference voltage
our o 7odt i RIRHE BAREe B 6% Fofe he tBatecss

DAC 708, fﬁ‘eﬁﬁﬁ“tehéarrtéﬁ‘é’@éni%ewdt e otter . prtodime , avalve:
remai nder coobirageorsh@illi Baver o@bkiraBaly tk: A& threshold

remai nder $06L8&0r [4)95\7411 E0RLER: 3 QU P ZQGtgreshQPd values
T2°¢ Ve

connected to a econ an recel

the remai nger-v F‘teﬁénegnf(x:"rnﬁllﬁ“p?ﬁl o °°%’ir@h]aﬁr5 gfat have
control oWSutam?06 1B/ tehtriceemicrienatiohnt ageis lafljowsor
exanpl e, cantsaki@UbPithe 706w datEALES ftbaJccéQ%lOJ biL he

remai ni ng (floécevac‘]mw:é%tpfctgppéo%@ '&téaotf.tf b\é?%.s rhtl%eﬁ: than

vol t age of the out put sl
hal f gt he.® r%ﬁf‘?fd’g e’vBﬁ%’@B“l%ﬁre bagsput? EpEfigrsrroflow
DAC 712 ar?entqu@z?esn dancdiébstrre doatexsupiRR rby/ ddpifrically

produce adeosdnifiing She)padcehibeNgr @ oANESQYe, \r/]ftﬂrrgé&%ple 44%
roce s, co

oot of canigolgpde, 15,0 818688 600 e

tc§ {)] ﬁ% val've tlhﬁ%lstmll% B ohGRE |b6n3aﬁle°¥WeS’éﬁ§1ntﬂFeolln%Ia@a@ece

of the coAbtisated ynathe ¢RBESleF|iGURE 8aive ehdesmordchar t

i |l ustrat bapwobe: erhadbENnt pgaf e:?ampﬂ@ttQsttEPJd threshold

I'ti-ch e conroe[:gn nlaeF a
gg i Irrplce?rgﬂlﬁledg&ngégexat F§ P % g St tlhgibf'ihﬁ/a’rnéti 1
i

nstruct i GRRSSSHFRY Fnd st e%ﬁ'ﬁatféﬁta% Eade] corpbifaing the

(e.g., RAMIIROMr smfnetaitctich $kitdal Gbbher 16 WIRLREAK less.

readabl e sk UkE empirically determined valve threshold ensures
that leakage will not occur when the initial force is
applied. The threshold value determined for a particular
controller can be stored in multiple flow controllers
having a similar valve restrictor arrangement.
Additionally, multiple threshold values can be stored in a
controller to account of various maximum differential
pressures the flow controller may experience.

[C060] 'The controller at step 804 can receive a set point value.
The set point value is typically asserted by a procesé
tool or edmiﬁistrative computer to indicate how much flow
the flow controller should allow. At step 806, a first
channel can output an initial force based on the stored
threshold value. In this case, the i1nitial force

. indicated can be approx1mately the valve threshold force.
Additionally, at step 808, the controller can determine
how far the valve should open to allow the flow dictated
by the set point. At step 810, the controller can



known in the art) and executed by a processor of a
flow controller and/or hardware programmng in the
flow controller. At step 802, a valve threshold val ue
or values can be stored. The val ve threshold val ue
can be based on a valve configuration and the
expected maxi mum 21 differential pressure that the
valve will experience. Because particular solenoid

(or other. actuator), valve conbinations; will have
approximately the sanme threshold value for a-given
differential pressure, threshdl d va: Iues 'czﬁn bﬁ

determ ned for a bin of flow controllers that have

the same vATVElresPrd EPEPITRBIHal i PR ARYE ApdiGhkes the
cal i brat i ofPIPt tHfetld geradotam &bdcer 6 ko, GbeUotah fardy minus
(i.e., val v/ iestiei cdodée)C Ot Ghbudtian)pliasd. S tabbedr

than on ay&eRt ekl @'ntpc)ﬁ.lgprgaﬁ oirﬁd?éatgag'w}cg %he sec]pnd channel
particul ar flow gontro er can be calib

exanpl e, b¥ % ABTYPE i FRPErabRF TR fibdty Shorddpker eRaitade of
t ot %4617 or cht stew Sékartht conuflef ceh@etotaat of otge] that '
requi red tindieaweds & haivaltyeet b Qghéﬂp%.ed: QQQ%]& V-Erllge The

threshol d J < Sush n|t force
i ntrallejia?ed Ei;uefegggn??o%gk%cﬁgd% e va hr egho?ﬁe S§pt

bel ow t he BYIP8 FaFRSy e@ednpt &he H@léﬂtaér & ce les Haed
val ue for ¢drsrelofersl-| e dimrussedi tafceniunatichhe thnitcurt 6

force shoudrs be:uA3%,0Enisheart 88 Aonf 068 exgﬁ’;ll' brigt L ng a
t he cont V&Uﬂt%e %HQ %]3310 ort:.onaq. f %g@ét n%?ﬁaﬁegorﬁglf\?e

slightly |ess rcal

t hr eshol d ‘é‘ﬁ&ﬁ%%hatt ﬁ%\tprP%%lk'éf}@lv\H [t RonERod uFOrRR e

t he initi sdenpoateea iontmppsigedl wIkke o bsresbDlvdlssakue

det er m netbdopértdonddats ithbll Al ve CfQQ&J ol l'l%@ ‘Fﬁge Rgns ﬁt Qr ed

in nulti plsqgg;lo\garg%gt I npujc er sar{ a@)clu n?r L S ﬂl raév(z:;\an € use
restrictor arrangerren i ona

t hreshol d W41 &8 ?&nt%ép%JtyoF’é‘?j aPPF%?“%FGn%M of force to
account oftheardloes Mexipreresdidf EI@RE Alcan beesdb O tahe

fl ow cont mRklidy oFBMsEXREr I ence.

[0062] Embodiments of the present invention provide advantages

over prior art valve control systems and methods as the
' complicating effects of changing threshold force are
largely attenuated. 1In prior art valve control system,
differences in valve diameter could lead to a wide range
of gains. This wide range of flpw-control gains places a
significant demand on a single-channel digital control
system tasked with maintaining similar flow control
Qerformance from one vaive to the'next. The range of
output gains must be taken into account when setting the
overall loop gain for the control system, potentially
adversely affecting the stability and response time of a
particular mass flow controller. )
[0063] By contrast, the present invention can utilize one channel
 to output the threshold force and another channel to i
output a control force. Regardless of the threshold value

and the gain, the control channel has approximately the



[0060] The controller at step 804 can receive a set
poi nt value. The set point value is typically
asserted by a process tool or admnistrative computer
to indicate how much flow the flow controller should
allow. At step 806, a first channel can output an
initial force based on the stored threshold value. In
this case, the initial force indicated can be

approxi mately the val ve threshold force.

Additionally, at step 808, the controller can

determ ne. how far the val ve 28houl d open to allowt he
flow dictated by.the.set point. At step 810, the
cont rol | erS@EPBDegehetteps OR W EERLOM tERAIAETOLaregion.
si gnal thatsingditread:@splhebarnure ointtdle chenel rdel have

force (i. eappr&:ﬂ%a%@.l.tya![s fodb GRe Qgscont:m Hth plenf Q,roﬁ@:)ol

that shoul Egbe a ga ss o? %t alve V\gre 3“01(%1 and alv% Iqazl_n
controller anindicace Svercthe secon ahnel

amount of TyAt rtde ‘#%‘FE@ hw%r?ea# dobelogppesetrtipnEs 1jhe
At step 8ltéhresthadcenie dlnkesasean generate a signal that

i ngdozat es ﬂueV@tLo\L@hIrﬁlEE %eEQOJO@a@e@%Ac%Ml éﬂﬁlya%vtﬁm
The val ve ct i ment '

n enbo
present i nven‘f eﬁ’nsatlgaéf Seélgeé1 ﬁsager(fethea v?ncf’f‘%guf%tr‘t?‘és
pl us the NosAtRGELSdRERY, %scadi’%étasmdtqqﬂ; ewnpeinged on
w t h Fl GURIppBoxiantellyl (AdREame/ nudblaic SofC atbpbeaﬂcmanefw

exanpl e, baen@ml ago@reafa%i@sgeof *Eﬁé eﬁveo RALLIQOAL, tRe

t he |n|t|a% ;fﬁ ortlonal
to the cont¥8f/ F8F¢ é’ri’% f°§etﬁ‘8r%?tn§r°& EWFbI 18t §fal
with a comPPsPxipatelygehe prrspor tTherrentid syrtepaifythe
force. Theréaénteinnticd thed gomlalCaABl &8 bARUbE ttGe BRlve

act uator cant Ll obitab; GALEAUS Gy NS, AELWALOL, L8y ARELY

t he appropriate anount rce

process of°Rf GIRE" $E a3 hESr AL T tﬁ% °°ﬁ"e‘?é’&e‘if’aﬁ?el
desi red. [FFO&RItsEniyodt rentistedt phe ppedisaatlel gaiantiagnprior
provi de adianiyages. MYRoved,i 6¥erali cvai e f&@&ﬁ@.l and

systens a iC effec f
changi ng tco:g?h@?ggflg?ectég}gjfeggg%L Qiéerlgrange (o Jaf¥e
igurations

[0065] . While the present invention has been described with
reference to particular embodiments, it should be
understood that the embodiments are illustrative and that
the scope of the invention is not limited to these
embodiments. Many variations, modi:fications, additions
and improvéments to the embodiments described above are
possible. It is contemplated that these variationms,
modifications, additions and improvements fall within the
scope of the invegtion as detailed in the following -

claims.
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| argely attenuated. In prior art valve control system

di fferences in valve dianmeter could lead to a w de LLOYD WISE

range of gains. This wi de range of flow control gains
pl aces a significant demand.on a singl e-channel
digital control systemtask wi th mai ntai ni ng
simlar flow control perforfrance fromone valve to
the next. The range of output gains nust be taken

WHARLS CAAIMERD [Shen set t | ng the overall |oop gain for

the control system potentially adversely affecting

the stability and response tine of a particular mass
1. fl awystemrdfrvalveaontrpl0d6d]risByg: contrast, the present

i nvention can utilize one channel to output the

t h? BON6SA:f or ce and anot her channel to output a

CORntsA utEPFeﬁ@ablBﬁlgairuﬁ'l @c%@ssﬁfle Bﬂﬁletﬂ?&?e%ml d value and

the gain, the control channel has ‘approxinmately the 23

s aarectofi ppmputef instragimng storasioot the komputehrsadahe meHium, wherein the set

reqion. i ng the.exanpl e aboy control channel
of e sy Rk i S FoR et B: o "cont rof 1 ow

| Notitper £AMRE sighal ohedischaagaitliesingah ihifiel f6adeve be applied to a

threshol d and val ve gain. Thus, the control channel
ValV@ié‘é@ not lose resolution as the threshold val ue

4
o1 VEERGRRy ErE AP R SOAT R SRR oER prceds pagprtiod o

the vlah;byveen val ve configurations. More part| cuI arI Y,

e the control annel has _appr tely the
SHBCR e miGH flgfcgrsgs'ﬂwm@bf atpblo e Breshpib

regar dl ess of the val ve configuration, the for ce/ fl ow
curve for the control channel will be approximtely
2.t h#hssgystem Fhelagort mbkregyticemiod! fotve is grieaseapoitionefiairemainder
t hus nornalizes the gain. of the valve for the
%ontrol channel. This can provi de an advantage over
prior art systens, because the control channel

presents 'a nore consistent and predictabl e gain_than
3. prThe system of Claim 2, wherein the remainder force is equal to a total force minus the

force

initial force.

4, The system of Claim 1, wherein the first signal is a first pulse width modulated signal
having a pulse width proportional to the initial force and wherein the second signal is a second

pulse width modulated signal having a pulse width proportional to the control force.

5. The system of Claim 4, further comprising:

a reference voltage source that produces a reference voltage;

a first open drain buffer connected to the reference voltage source and the processor,
wherein the first open drain buffer receives the first signal and outputs a third signal having a
first voltage proportional to the initial force; and

a second open drain buffer connected to the processor, wherein the second open drain

buffer receives the second signal and outputs
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art system Moreover, overall control response and

stability can be achieved for a w der range of 'valve LLOYD WISE

configurations. (00651. Wiile the present invention
has been described with reference to particular
enbodi nents, it should be derstood that the

enbodi ments are illustrative~and that the scope of the
invention is not limted to these enbodi nents. Many

I
a fouf |l BYne RALD PN ol LR o o e Tt
IS cont enpl ated that these variations, nodifications,
6. 2SS R SR BTN bl P B Pt e
subtr%@%ﬂg Mgts\l‘:eltagé fdhthe ktefehdd Witfdgt & geherate §Y$t1h%i'gn@f havmg a

val ve control conprising: a processor; 5 a conputer
remajreigt adltagenedi um accessi bl e by the processor; a set of
conmputer instructions stored on the conputer readabl e
medi um wherein the set of conputer instructions
7. COTR¢ §)3em O8Claia e, amsreixhe yewnl @perodratubyftir iscdninested to a second

sumx;sllgrgagél \gl%gq:lgééé Qregg%c? Q&gﬁ;l@m bélg%l(': g%{egq%qﬁg? I 4 Iré-ne%gmg Based on the
rem %&E%lt aﬁdZﬁ&&ancﬁ indi cating a control force
£ % va] ve

. wherein the initial force
is substantially equal to a valve threshold. 2. The

sy em of [ m rein the control force is at

8. ig‘f Sﬁteﬁbc‘fﬂﬂﬁmgﬁ ﬁ\ﬁ%ﬁéﬁ%ﬂlﬂdﬁ? 15 force. 3. The
Syéﬁﬁ?m&b phdsaiIfr that WG sQhNHilARignatahader force is
equal to a total force minus the initial force. 20 4.

The seopad dow passdilter that filigpsdhefonrthisignpl. r st signal is a
first pulse width nodul ated signal having a pul se
w dth proportional to the initial force and wherein
9. t hghs et of Ciiinal 6, ifisrtteer sempriging a second summer that adds the third signal

and the fourth signal to generate a valve control signal.

10.  The system of claim 9, further comprising an actuator control module connected to the
second summer that translates the valve control signal into a valve force to be applied to the

valve,

11.  The system of Claim 1, further comprising:

a first digital to analog converter connected to the processor that converts the first
signal into a third signal having a first voltage proportional to the initial force; and

a second digital to analog converter connected to the processor that converts the

second signal into a fourth signal that has a second voltage proportional to the control force.

12.  The system of claim 11, further comprising a summer connected to the first digital to

analog converter and the second
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pul se w dth nodul ated signal having a pulse width
proportional to the control force. 5. The system of LLOYD WISE
Claim4, further conprising: 25 a reference voltage
source that produces a reference voltage; a first open
drain buffer connected to th reference vol tage source
and the processor, wherein %e first open drain
buffer receives the first signal and outputs a third
digitaltd Q@Al?ggdﬂv@ﬁelathaﬂc dds theiRirl 3QRalPnARRE for@N@dnal & ddderate a valve
Inirtia orce; and a second oOpen drain buffter
controbsigeedt ed to t he processor, wherein the second open
drain 30 buffer receives the second signal and
out puts LLOYD WSE 25 a fourth signal having a second
13. VOThe§BteR! &POlatrh ANAhereth the Colférot isfiadieated ropbhonal to a
systemof Claim5, further conprising a first sunmmer,
remajgheg free-t he first summer 5 subtracts the first
voltage fromthe reference voltage to generate a fifth
signal having a renainder voltage. 7. The system of
14. C ThenyStembClaim 1t ivhereactha dompetar thsemations firerer cemprise
. connected % a second sumrer and wherein the second
“m“W§@ﬁSEF§PW-§UPfer generates the fourth signal based on
tht%céi@eﬁ%é%do‘i‘rﬁ%{ npl tage and the second signal. 8. The
system of al m%, further conprising: a first |ow
paewpiti tht &rst sigasal inir¢spenss to tlee sehpeidt sgepdal ; and a
second | ow pass filter that filters the fourth signal.
15 9. The systemof Caim®6, further conprising a
15. SETROSSRMIBECIaiMat wheksn theofmBltetlingirgétiins fiatiter cb@prise
- fourth signal to generate a valve control signal. 10.
instritiipns pxecatablftoc] aim 9, further conprising an actuator
cont r.ol dul. ed to the 20 second sunmer that
trléeﬁgllvgfaggs)t%@ S\%%q\[}gaﬁgont rol signal into a valve force
t ogdierap e secoridzigriag based lou ¢he sk poifihgigsalst em of C ai m
1, further conprising: a first digital to anal og
converter connected to the processor that converts the
16. T1TRE sysfetn S &N 1, Wheredh thiicbfhpiied Atru&tidHs Mertier bmpise
voltadge proportional to the initial force; and a
instraetioms éxehutgbleato dhangertht figst signeldtotiedicaio anewtiritial Hrecne
processor that converts the second signal into a
fourth signal that has a second voltage proportional
17. t OThE§ysER bf Slairh 96 C¥hereihZhe fHRRens ¥t R 0bnted] a8l sterh Further

further conprising a summer connected to the first
compliigjing apressure sensor to measure pressure experienced by the fluid control system,

wherein the processor monitors the pressure sensor, and wherein the computer instructions
further comprise instructions executable to change the first signal in response to a change in

pressure measured by the pressure sensor.

18. A method for valve control comprising:

outputting a first signal on a first control channel indicating an initial force to be

applied to the valve;

outputting a second signal on a second control channel indicating a control force to be

applied to the valve; and



30 anal og converter and the second LLOYD WSE 26

digital to anal og converter that adds the third signal LLOYD WISE
and the forth signal to generate a valve contro

signal. 5 13. The systemof Caim1l, wherein the

control force is indicated groportional to a

remai ning force. 14. The sysP&mof Caim 1, wherein

the conputer instructions further conprise

! n%eﬂléﬁéﬁhgg@ﬁrcﬁéﬁ ﬁﬂ fhelffhst sléha[ SELinY @eé@mﬁ‘:s‘i% nHR '\A?Herem the third
signal; out put Irst signal 1n response to the set

signap hidﬂuatesiagsrme foids. eq'llihlleosa}ssnmﬁ thd nﬂhaellfcmcd andithercentrolt floece;

uter_instr ctlons furt r tlons
xR e Mt Hise imabtalfiashiol B nbie GRS T
generate the second signal based on the set p0|nt
signal. 16. The systemof CaimJ1l, wherein the

19. co et.hod o Claie 8 fagther P@rn@rrm%g)mérqagég thegitial forgeowigh a first
u the first signal to indicate a
pumegh/ %% 1§ehg&%Qﬁ§Q§O 17. The sys?en1of claim 16

wherein the systemis a fluid control systemfurther
conprising a pressure sensor to neasure pressure
experienced by the fluid control system wherein the
processor nonitors the pressure sensor, and wherein
the conputer instructions further conprise
i nstructions executable to change the first signal in
response to a change in 25 pressure neasured by the
pressure sensor. 18. A method for valve contro
conprising: outputting a first signal on a first
control channel indicating an initial force to be
applied to the valve; 30 outputting a second signal on
a second control channel indicating a control force to
be applied to the valve; and LLOYD WSE 26a
generating a third signal fromthe first signal and
t he second signal, wherein the third signal indicates
a valve force equal to a sumof the initial force and
the control force;
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wherein the initial force is substantially equal to a

val ve threshold force. 5 19. The nethod of Caim 18, LLOYD wisE

further conprising indicating the initial force with a
first pulse width nodul ated signal and LLOYD WSE 27
i ndicating the control force,wth a second pul se wi dth
nmodul at ed signal. 20. The thod of Caiml. 8,
further conprising: 5 indicating the initial force
indicMlidd'th@ chhtr St fodRIViAPSsRbAPPHIsE tith ricRtulalil dighal.i al
mdlcwéltrlégte; “and Pncgl clati@%g thg control fcl)lr ce vmé}%h a second
vol tage proportional to the control force with
respect .t enmgjnder, force.. .21. The nethod of claim
20. Zo?g%ﬂé@@aﬁ?%g’raf THEEFOPBYERE s a tot al force minus
t hdicatihd Be initidl fobdeCRith & Zirst TORageRIrbpstHiohal @ thertilid] force; and
further conprising changing the first signal to )
i nidisatieg thersonfrol faraei vith 2 grcend valtags properiigiah tthgcontrol force with
res e%?F)te{r%lnuirpc%r?orx | ve, conprising: generating a
Pi 6%t Ence si gnal" with a reference voltage proportional
to a total force; generating a first signal having a
first voltage based on the reference voltage, wherei
21. { h&hg medhod PSPl &0 WhesebyiBR FTEAEder doresit 4 R e Fpsdhe initial
forcdd€nerating a second signal having a remainder voltage;
20 generating a second voltage based on the remi nder
voltage that is proportional to a control force; and
generati.n al v ontral si.gnal., havin ontrol . ..
22. 3ot b petneg ed Clelg T Siifhes PowRuspg ragHétngite B Slkngtp jdicate a now
initif §6e8d voltage. 25 24. The nmethod of O aim:23,
further conprising: converting the valve control
voltage into an applied force. LLOYD WSE 28 25. The
met,hod, 0 alm23, fur rising changing the
23. fi f‘sqlgtbg{i f’gﬁoenn@)m}%%}’ég‘é‘%’ggép 8%@% initial force. 5 26.
A yaleygtingaintfeptncs yiinehwith apefeshogyoltage prapoetisnal to a total force;
further, conprisin

generating a first signaq :having a first voltage based on the reference voltage, wherein
the first voltage is proportional to an initial force;

generating a second signal having a remainder voltage;

generating a second voltage based on the remainder voltage that is proportional to a
control force; and

generating a valve control signal having a control voltage equal to a sum of the first

voltage and the second voltage.

24,  The method of Claim 23, further comprising:

converting the valve control voltage into an applied force.
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a threshold output; and a control output; a conputer
readabl e nedi um accessi bl e by the processor; 10 a set
of conputer instructions stored on the conputer
readabl e nedium wherein the set of conputer
Instructions conprise instrugiions executable to:
output a first pulse wdth ul ated signal on the
threshold output indicating an initial force to be
ap ve, Iy :

25. COPAL R oF IS, QBT cORpHIRE LharBI (Y B bRt 6 Micate o

new otitigiddicadi cati ng a control 15 force to be applied to
the valve; a reference voltage source; a first open
drain buffer further conprising: a reference voltage

26. | NRUlalveQRg6E $atehPcdrhisrisigl: er ence vol tage source; a
t hreshol d i nput connected to the threshold output; 20
agpro¢essar fuleay camPrisinguf f er output; a first | ow pass
filter e o the first open drain buffer
ou?%@?ﬁhggdqgﬁﬁétgé%mmr having first summer inputs
coapeaictdutpat;t he first |ow pass filter and the
ref erence voltage source; second open drain buffer
3 GO r%%‘ﬁ]a'lreir%‘?drﬂb‘.“ aﬁ%esgbleg%ﬁﬁﬁawev It age i nput
et tdrQndtARtibihd Sbred SAMRY cotuidtreadaBleGREUinB! whéif the set of
connected to the control output; a second open drain

computérf iestrustivpucomprissdosnugtipesexsawableitd:t er connected to

the secopd, open drain buffer output,.th cond. | .ow..

paSuBRrT st PRSC pi et iarihb B tHeumieRfo I A gRling an iniial
forc@ﬁ%e%?»pﬁe@mveswactﬁamaﬁd ed to the second | ow

pass filter output. LLOYD WSE 29 27. The control .

sy stipht dsecondputsewidth mradulatedcsignst B theroatrpl Gpptindissting a control

act.uat of. rol, nodul e connected to an output of the
forc%fé’cbgnagpéﬁm?‘?Q/%IVE’S. A nmethod for controlling a valve

Lefféncsivolagagwnereat i ng a first pul se w dth nodul at ed

signal, wth | se width.proportional to an initial

?f%%%l?engjéﬂérb&?fﬁﬁé’ CLEUBRIFIN] se wi dth nodul at ed

Si gR@kren¥d L dltaRe RitPuS SotMedich o fHRREfetdn@B@b1tdgR sBurce;
a threshold input connected to the threshold output;

LLOYD WISE

a first open drain buffer output;
a first low pass filter connected to the first open drain buffer output;
a first summer having first summer inputs connected to the first low pass filter and the
reference voltage source;
a second open drain buffer further comprising:
a remainder voltage input connected to the first summer output;
a control input connected to the control output;
a second open drain buffer output;
a second low pass filter connected to the second open drain buffer output, the second low
pass filter having a second low pass filter output; and

a second summer connected to the second low pass filter output.
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control force; 10 converting the first pulse wdth
nmodul ated signal into a first direct current signal LLOYD WISE
having a first voltage proportional to the initial
force based on the first pulse width nodul ated signal
and a reference vol tage; genﬁsg ating a remai nder
vol tage; converting the secofid pul se w dt h nodul at ed
signal into a second direct current signal 15 having
27. 2 FREQSHIOY Ysk@H Br PIARCK Rt cérﬁpﬁﬁlgg £ BRYpbalonhPa&@ator control
based on the second pul se wdth " nodul ated signal and
moduleeonmactidrtd@n output afjée seqoidsumrieng t he first direct
current signal and the second direct current signal
to. generate a valve control signal. 20 29. A valve
28. COAthethos fsicOMrEIBAR AivaiveGompaisipgocessor furt her
conprising: a threshold aoutput; and.  a caontrol output;
a eenepiingra firsbpisn widdeaiodrlated segnal. myith %@/Ulﬁen\é“dth proportional to an
initi@rf&%g.ssor; 25 a set of conputer instructions stored on
he "Conput er readabl e medi um wherein the set of
c oggngratingi anstondcpul snwidtlompdilatedisipsial, wdthi ome sewslithupmipbsional to a
to:. output a first signal on the threshold out put
cont;qigqrgg“ ng an initial force to be applied to a valve
by cavetflguait Bkst pARE wAhRNSdiBatSE G ORI irstb ATkt direct Qifrent signal
control output indicating a control force to be
havingpfirs doltage BOpertienal 4 the; iniial fofreer kasedon tietftgiepudssuridh modulated
. %LOHD V}ISE 30,a first digital to anal og converter
signdl 484 BIPISEFTES VPH38% hr eshol d out put and the reference

Vohér&gﬁiweﬁﬁind@rfzblt@%; sunmer connected to an out put
of the first digital tqo_anal og converter and the 5 .
r eFepvERinS the Fecegd pylsaMadih atechsignal Iptp ASecandifiset current signal

havigg Q %c%tng %/oﬁaeéemhmgﬁal\f? gﬁgq,?)gfr?ﬁfé)?&%%%h (ﬁ{ Ql.%ts@éonﬁg)rt]lge width

al’6g conv er- connec control output
modulaeedfsigmal asdtieeemaiader voltage;lanéshol d out put; and a

o gunaa e Dt gocer e ndtiereong et i signal iq generate
a vaRR2bRAGoIGRINAEr L er .

29. A valve control system comprising:
a processor further comprising:
a threshold output; and
a control output;
a computer readable medium accessible by the processor;
a set of computer instructions stored on the computer readable medium, wherein the set of
computer instructions comprise instructions executable to:
output a first signal on the threshold output indicating an initial force to be applied to a
valve by an actuator; and
output a second signal on the control output indicating a control force to be applied to
the valve; '

a reference voltage source;
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10 30. A nethod for controlling a val ve conpri sing:
generating a digital signal indicating an initia
force; generating a second digital signal indicating
a control force; converting the first digital signa
at first digital to anal og nverter into a first
direct 15 current signal having a first voltage
proportional to the initial force based on the first
afirdidigital tosérﬁl@ caRErd oRAGERIE She/ BrdsAOIR- oué;gﬁ 564 fHe! Bfréhce
remai nder vol tage; converting the second digital

voltagé spuate; at a second digital to anal og converter into a

o P BB e B4R B by Bt S ab o RaRY b P e

referéiR6 @0Hagt sButce| whergihathe fifdl silifef SEMRIFAIEA revitdifdRg Qoltauad
sunm ng the fi rst direct current signal and the second
angqogétdlg;@ﬂ teaalag gpaxerter connected to the control output and the first summer

LLOYD WISE

and the threshold output; and
a second summer connected to outputs of the first digital to analog converter and the

second digital to analog converter.

30. A method for controlling a valve comprising:

generating a digital signal indicating an initial force;

generating a second digital signal indicating a control force;

converting the first digital signal at first digital to analog converter into a first direct
current signal having a first voltage proportional to the initial force based on the first digital
signal and a reference voltage;

generating a remainder voltage;

converting the second digital signal at a second digital to analog converter into a
second direct current signal having a second voltage proportional to the control force based on
the second digital signal and the remainder voltage; and

summing the first direct current signal and the second direct current signal.



