;.e3e62234@B66D6T6Zd 5 2002 CONTROL SYSTEM FOR MULTI - PUMP OPERATI ON
FI ELD OF 17 NVENTI O\IJ,!([@"WW"M’ this invention relates to aut omtﬂw 2002
control systens applic -punp 5 operations in process systens.
BACKGROUND OF THE | NVENTI Oréobaa2#| ar ge- scal e manuf acturing conpl exes to
produce basic or specialty chem cals, nymerous mat erials are provided into
a vessel for a desired reaction. Changes in one of the feedstreans affects
the flowates of th , S par m i, Nt enance. and reduce pl ant
downt i me, punps aremm LEQR B her—0 a spare while
the other is operating to provide one of several flow streans to a reactor
vessel, for exanple. Wen only a single punp is running, an automatic
cont r ol FSEEDEDF THE DEVENTEINt 0 t he system dynamics so that it responds
cleanly and within the desired tinmefrane to i nput changes froma

control | er. THhetigd efthisynvantion sglgfes teeanitanaaticisontiel yplemarpplicabletth enutipump
arrangenent .conprises a pair of identical centrifugal punps whose out put
and di sé’ﬁ%ﬁaa n%x?léaggciff%sy&gms% in a predeterm ned manner on the basis of
punp speed, as indicated by avail able punp curves fromthe punp :

manuf acturer. Such process punps can be driven by electric notors or other

t ypes oBACKGROAUNBDUGR THE BN\EANTIONDbIi nes. | n many situations, the capacity

of manufacturing plants is ingrease ears after they are originally built
for a given dByHErESRle MaNYagtiripg C%ﬁ A9 BIagHTRRasIcR SBerddtygthemicals,

debot t| qllfrle dggnata’iagg'?e pi(;\fi’agdaihﬁsal gé's?elrf&%ersﬁ@h l%facticm? (ﬁ%ﬂgé ih %%Bf th,
conponents, tor exanple, that would go into a reactor ves el éh These

si buat i deelseedmseaffenathafloeratatdf\ke othet reamsPTy patiic Mafgernaadcid rpdlitppldn® 2 5
handl e t he hi gher throughput and continue the old way of operating, with
one pumgoratnienpuapHare Rarllygedundany spghat one seryessasssspare Whils ke ether is

reconfi | [ Qi J HERY a chated

Gount 1 robg e I BBl Aot 10Ut AL MRt b BV, P ElIC OB a1
unat t r aginigkSpurhp §iraating, 4a ASYatiRRAir6ladysteQRn H8 it@dRd delsystefniynaaids $b @t has
been made to run the main_and spare punps together. These punps are piped

i n par alit respamds aleanly ap@ within the dpsreddgimgitpmedo dnpuk ehangpasfremagenellerand hi gher

t hroughput. rates .required. \Wen these s are driven by turbines..a
common BRIt by BB Haniferatng Cptsafa. B SrllakuRs SHehtect P o e
ari se i RdefiealURhtrifes) QMBS whoscIANAItRad discharge \}seeysﬁ%ﬁs apsprei@besinyd t h each
of the turbine drivers. 7177-PCT 0 5 N O V Z002 Thus, to nodul ate two
punps r uramnenomnsthebiasia abpump speedaastindiaatehby paslablgmpumprauressifiom the pump

posi ti oniaglg t?e steaminlet valve to a turbine driver, a situation of punps
fighting @¢WEher occurs as a flow correction to the steamflow to one of
the turbi nes RidRPERSsS fithfRhRYE dATer bybeldgifioflodredr @mmy?&doﬂamag,e@ch%
steam flow requirenments to the other turbine connected 'to a 5 common

maki f ol dteem turkiees.t o conpensate. The steam val ves have their own structural
features which could affect their rates of novenent,. such.as frictjion in
the act uat | o Sedtghoss. ibe eehoei, ol maR{Rinhe Fiogery S hied SBermaltiiuasy ae
correct 'o?i%irﬁﬁ?%ﬁf‘f&r HYiA\BpRYy. WAl patorGadh RMABEMA ihcfedsE SHHdboktinbdGAAD! €
turbi ne operation or high vibration nmeasured at one or both of the

t ur bi nedjghehilowratesidrd requirad of tha canstauend nerhpanestsyfod ewamplédtiattwardigo ynto ahe
two punps, when bo operating in automatic node, nmay not respond well to
o gb CRairiES Rt MbeR RS BiTont i) GheqteaRb TRt POIRIY it bgrarimps
suydden i : [ : a
o e R O A e R R
at t enpt thoothapsiting idleds a epdrb.e Howepert reobnfiguring thegiping Feopadetiong utititied@ndsthe e
of the upset, the drastic reduction in output could result in opening of a
mi ni mumasiasiptecegrtEme eanaakssupl & KhdtEee YiE delapasmsapacity PRERE PIINABIGHY a maj or
loss of ufng{trva\t@ ige.fﬂnlslt'egd,filln %‘%@Eﬁer@i@ﬁ’prgéegéi@bl%@é; thé chigiglqﬂllserge%n E&‘d& 9'00}% tﬂé

t he

main and spare pumps together. These pumps are piped in parallel with the objective being that
30 they share the new and higher throughput rates required. When these pumps are driven by
turbines, a common plant practice, and are operated simultaneously, control problems arise in

unequal responses to governor valve movements associated with each of the turbine drivers.
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punps and the processing unit. This, of course, is undesirable. Thus, one
of the ohjegii ves of the present invention is to provide a control ﬂp? 7
f-or multiple punps connected in parallel which prevents themfromflgh Z@
each other during normal deviations froma desired setpoint for a neasured
variable. On the other hand, another objective is to make the control
systemable to respond to dramatic chan%es in the neasured vari abl e w t hout

a | oss bot h pupps and, hence, a process, unit shutdown. The objectives of
the pres@HE 19 RPGHII O ORIFRPSTRRMNG 1SR 0YS Iy cagh having s aWResbiEelles &t r ol | er
to present...di. i . .1 he. var.i: S 1.N. I eSpo to a
change ?ﬁ&{lﬁ%h%@%%%&étﬁﬂl@%&%% It(gfgﬂl,&gmgarrlgés}uii %I@aklﬁ}élgggr ngsr%hﬁlé]é eé%é?ﬁ% Fin

r esponse@ck@s as £11angerttidnne tieact 86w2o Bnd/@thehirints cHangsAEEButb& Tk er ent
than the other. This solution enables the punps to run together

aut onat iesseriaiedpumioand cheegesthrstearllpwredweementat 8 othes urbmercespested t0 o
dramati c_changes .pn.the asured variable. Th ior, pu control .systens
WhBoh aPRTRRA Bt TP EEDPEIFE. JrE Seam Angbhe B SBnaRUGHRb IR 1 of
Syst ens \fiokh RIPETQY RS BPnEvdRer NEER &Y Fickbrin tH@E@cﬂﬁt%nSasg&goéggpihe
5,522,707; 5,360, 320; 5,259, 731; 3,872,887, 3,775,025; 4,686, ; and

4, 428, 528lve dfechanidid TtsECTTIHWbMARMaCForrEEtton Dérkeehl thgOverndd valvés 2803 eAtuaiint r ol

system particul arl ¥ adaptabl.e to nultiple-punp operations in process
units, Fesulfilaungabieturpingeperatienioniigh kibration srasiired atme 95 bt ofithe wenaesd by a

TSt SO TIOR8, A SR bR

t he t wo ipaipmatid ARdERAETotGEPbADIVER to TafzeGhaided i id mcaswed daiibld ®hRRkall
signals sinultaneously to the two punps in response to a change in the
neasur edoty fariexpnple, Fpidden degreasp in tofd pumnpoutnas femdwth purapo fIngrier systamseapunps
is faster. th t Fre T 1 vi at J: fromt esired set point
of the. Tasleh Pt Phtfoling ¥ Sea PR o L BLI T pHBREY SR BT EouihE e oo

t o reactkeduds Hfoutt dMBSthGukPs & Deperl of thegizé efa;esaFwﬂ,i thé @aRtic AAuétRniian from
the desired setpoint for the nmeasured variable, allow one punp to react

fast anduipvheepd result imppaningofgrmimimusglowreeyrloyalygon hetheé these pempsar i abl e
back to the. desired setpaint il e~the other,. responds re sl y
298 ¢ hysesingn mieeiar BEES it B omarernd funPUIT s BRIEE iR o e
prevent »3mpk AEER prddelsigghiflOTHs, dPRoH8eS4 eliedirddes of the fast-responding
punp, the master controlTer automatically speeds up the response tine of

the sl ow y r ddps i of theunbpectives dfahe present myantionyis treprobvide aapitzel systasdoabl y 15
fast enough to maintain the nmeasured variable at the target condition. By
uae of " G RelE PHETEE BuBtsHiet 1E PAELS ot A Lo et DEhAB ST BTt Runps 1 o
fight eaginAtdadfativheRoRRedt@keRdoi f PbisiRdAARablE 00N eWAHREEhant Sanother
elimnated. Additionally, the punps with the control system can quickly

r edpond obctive gao prabe desonprsletystem gbhototregpond tpedramgtic thangesin thomdasuiedns  of

bot h punps i ch woul d ot,herw se cause a processi.n it shutdown. BRIEF

PESCR PTRORP ORI o AJas RGPy oA Prch ARG AT L RdOI appl | cat i on of

t he i nventi org js : i t vari abl e
ﬁ‘hg%{%%\e‘uo& detge @'@%&?{rﬁ@ﬁm‘ﬁrﬁﬁ@g b%@ﬁdfﬁ’ﬁ'&%ﬁ%&l ;Elgl\&f‘fg%aasﬁ'lﬁﬁg'

IS pressure an e capacit € punps running in I's regul ated
by i ndi ¢ontualler seppresent diffarent ohtpapsigndis whthe eariduapemps avresgdnesvtooaiclangd mahe 2 5
supply line tg each of the{urbin drivers. Figure 2 is schemati c

r epr ese MAEWEH VBHatheAD AT, WF BIrATEARFC (RBEDINTRRPYSIBHNBIER thrhrasitedd t o
;E%p: ,eC :?/% .Q‘f;% %rli‘%bt %Lg'{l% gs{d?f;f?rgé\t/qgﬁgtpg 8&EPV PS Widtidd énaBRRS Y pR:G0 Ain bB&nLMO
automatically without fighting and further enables them to respond to dramatic changes in the
measured variable. The prior pump control systems which are known do not address this
problem. Typical of such prior control systems for pumps or applicable to them are U.S. patents
5,566,709, 5,522,707, 5,360,320; 5,259,731, 3,872,887, 3,775,025; 4,686,086; and 4,428,529.
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against tinme during a process upset for each of the two punps. 3 0 Figure 4
i |l ustraimsdrhe neasured changes in the controlled variable per urllj N0V 26§
i-n response to a change in flowate in another part of the processing plant

whi ch affects the neasured vari abl e. ~ ~ ~ ~-ncT 4 DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT O 5 Nov 2002 The control system of the
preferred enbodinent is illustrated in Figure 1. As seen in Figure 1, punps
10 and % are driven —respectively, by turbines 16 and 14. A steam supply

St-eam o Aes 14 and 16. Each of the turbines 14 and
16 has a speadespdi sted ARICAIZD RBRRA2 0 FERREEDLNElberaihR its! i90P
20 has a seng\o(ﬁ for }'?hee ’ﬁ%ri)i negspe}gg, sohom&gch{éﬁngto?s%rg ngg%z&g%srﬁhts’ S
cont r ol Hgelod&d. pAawvdagd@sd &ariablé, Buth & esalire 28 séised be ashaamconpilles! Thamdger30.
Simlarly, a speed sensor,, shown schematically as 32, provides a signal to
cont r ol Feradler, ipfuransends ¢ signalde Mipsdrivesplgha inddgdeal pupes ot wantherovays o¢gWaigsy e

38, The,punps..1Q.,and 12 have.res iveqsuction |ines 4 d 42. connect ed
Coget holEryed tR el HHEFRRGF MBS coRfaued firend afEreslsiehdF e

pr ocessisitafBdusBUitRRe &b FitHpsLin rBpeBset6 aRBaIdME the HERERANVIENONTRES QPR 48
and 50 to which are connected di scharge lines 52 and 54, respectively.

Li nes S5thaatict résponssreme ofjended the pumps isdastGahanshe other.sThuseminir e diag arisafraye
line frqm both geugéﬁs 0, and 12 pack linto the.groces&. Located on line 56 is
a flow SiredEERNNLH homratired vasiablepreoprmaily reipeRieddp by Wi R4mp rorfigured
operat e I : A SO nr

Chat t ne> g el Iahlie ol rieln 15 Stch, (R iFin TEATE PRRUSRESH 72
need of tHehregsundeasiablelps insomapunge tutacfisnatdehasgoithepaditycwamati@llghabgeg or
interrupted which results in a change of the setpoint of the flow

cont r ol feymeasursgiiaripble baek torthe desingd setpeiat, ydls dhe otherguumnaresponds more slowly
pressure- i pdi ] I ] e, flow. i

Fequi read AR ERs SO A Bowii! aEEBTR o grévenEE Proct Gl
whi ch i aewgasrssehiifg ples 20t fhit-rkipdadind purhPathe ni¥8tee aGroller AltGREkday isPeeds
sensed by the ? 0 pressure-indicating controller 64. The control system can
oper at eupitheyrespanse timeyf die siewlyiresrondiae PuBPSe thit its senachy s2n be Yagie apasphably

spLrit @f the i L .on.. Pr ur e- 1 .ngi [ 0 |l e 4 i des an
otbpur Ciohiaekdd BB AR b BRI IR R GARRRON CBy e BEOMSAEEL 20 e
singl e sdsgorde thiRes dnohe Pmﬁg@un@rehmicy af ihe @uﬁ?@‘td fifhteactbdthanwhdi Gtk asby Wo

i dentical output signals 70 and 72. Sldgnal 2 goes directly to controller
26 and bigpmdudnespios expraple s glimingteds B\dditinnaldy.gheypempswith escontrplosygiemeacan
signal nodjfier 74, ichin turn ifies t.he signal 70.into.an. output

i onal  S8eklysBpofibio MkEfrokths Wi BRES: ifectifg sPUBP R oI REBRURIRY | o
punp 10whichsRb@id lodtttrafe hgeladBoddiTRg ulibghueRpasi t e sel ection can be made, in
whi ch case signal 72 would go to signal nodifier 75 while signal 70 woul d
bypass signal nodifier 74. Signal 76 goes to controller 34. Figure 2

iIIustrmﬂmﬁmﬁée increase is 3 0 sensed by

pressur TrcH ; to closure of valve 62 in response to
a process i npydurk @ i h SMehRAE bPbASAppfibatiohdf el éntidn, hOKilPde pHIRdEf ers to
punp 10, while the lead punp refers to punp 12. These punps are given these

nanmes bembodienant whies thameasvesd vasmplsrisiptessuse andzhe capacipCat the pumps running in

parallel is regulated by individual speed control loops which regulate steam flow on a steam

25 supply line to each of the turbine drivers.
Figure 2 is a schematic representation of the output signals of the primary controller
delivered to the secondary controllers.
Figure 3 represents the performance of the two pumps, indicating output flow charted
against time during a process upset for each of the two pumps.
30 Figure 4 illustrates the measured changes in the controlled variable per unit time in
response to a change in flowrate in another part of the processing plant which affects the

measured variable.



0 5 NDV 2002 change in the nmeasured variable, which in this illustrated
preferr giFgodi ment is pressure. Figure 2 illustrates the signals

76 and ? gir change per unit time. In the initial segment of both %5i@ﬁ2®2
for the lag and | ead punps, the signals 72 and 76 are essentially constant.
At atinme frame indicated by 78, the sensed pressure variable in line 56
significantly increases, calling for 5 4 decrease in out put from punps 10
and 12.’A sionifigant change is a d antion romthe setpoint of nore than
10% fo dih 2 d DA I (2D d i i
response to resgﬂre increfie i? line 53“ The . Io%g%,sggnen 80 :
schemati cal | ) °F ERBIGHTEMa G BaREcHdeTpormmerns Lpgiind g rol deseepdn

ol ope.of st iU Ao I8S e ARl By B iRt 16 MAE LEPRRR Bl J10°
control 18 eevi@3 stvaeh toitirbines nd ahd @6 SEahef teherbiheargeand 16 tapasiebd cdhropwsp 10
in response to a change in the neasured variable, i. e., the pressure in
life 5620 The 22 rasngetively. pbeesd ¢oriroldoan 2ehas g senvpr firdhe ebisadpkedsskown y severe
cont ol SLRDRIbaT HochoBHiTist 26 st Bty Al 28 5 the g cersturve 4B

i ndi cat ﬁ%gm. A Snl sBhesh BRaly %3258 ob ot oh

cont rol Pe pi};eﬂsassggged S‘feg%?’gggha gtse}gj y1 t east mﬁﬁu@pﬁia%‘&;‘%ﬁkﬁ%ﬁ; gﬁé}vrhllcnhgmt he

| oad, asurhBehdsat sighab$6 tdthe Bzanzontrall valve38. Tagpemps 1@tnd Hehave ghipeivd of
Figure 2 for both pupps. It shoulq@be noted that the output of the |lag punp
10 wi | | seqtigadmep AP and 43 cannsgisd taggther folg 46&né>umatq*wtﬁﬁa%r4édwbahn%m of
pressur t : i . t he
a8 pum! 15 S sPHSRRE PanbCo A MM RLMRIL Y (ERERE Cork BB KB Bed U0,
12. Fi gwhéch3are kbusitedidéssharge finésed2eand &4, rebpecsvedws LinaeSDaids confe top@hdramd
punp 12_dro&Ping dramatically, with the result being}an opening of its

mi ni muring 8% Whigh & e ymain isdpragine ftam betp phape 10ard 4 backintadrprasesthe
Oper at Of et o HhEWE i A0 e BsPUIRY EOhAERRSa Roly dobG1dYieh, ileh P91 NI NG
and then actually increases to neet the need to bring e pressure 1n line

56 to t bperaetpdiow confiotvalhaseAisignalib Jusimes frobdhe Ipagesssonhat thel ffove InoRy 56 han

| ead punp 12 before the |oss of the |lead punp. This prevents sinultaneous
chpaci t 2t eeierardivated viththerdlpwsdos the peedinftheprroesss  Upsstynanoseir avhepdhesaise in
i ne 56 I i : i | matic
mde andlihapa Rt ShaBEt ihenbiles bARARATRE A Gl S BLRARR AT s

10. Thecehesize 60 whidh fruturrothdnes thagensedpresuieairpidsant-indidadagpemarofier 64ast as
the forner | ead punp . on sensing reduction of flow, opening of a m nimm
flowr e@efr,éow%ﬂav&vlwfo leslovgs rﬁ%rqdé%xémpwe fhesv gonesulsr 00 regpaads By clgsing can
react f 0. : : u : rd Ehui, ¢ flow 3 0
Catsed By e RE U AR PR B R AR SR R prob AR gt Y e
drschar geesturaesdib@ingrdntdlldradve The espmt tysteat v, can epyratesvith aesieBAofanehs@ied
extendi ng.therefrom Recycle valves 88 and 90, respectively, are |ocated on
recycl e varigblesyithgut dgpastipg formgpospintRidhesiaventigngs. U ti mately, recycle |ines
84 and 86 go t:0 1 . : : eldh LS
Ut 11 ci ont [y TP asrrer g AR ontHer MRS oL il 6B 5, PHERA s e iyt
damage ti@nhlheplinen$s faketht einglepttnab6isfrah pepauredindicatiag cbmtyslletibparidsprodites
preferred enbodi nent i ncorporates centrifugal punps as punps 10 and 12,

al t hougkvetdraticy) awnut signals d0 gad a2 wighd 72 eserifssHY thepnireden 46rad ypasses of t he
i pyenti eV : i thd di_n . i r t.ROI .

p?és sur g&in%ﬁﬁf)glgg ﬁ@@’é S?%%f ?% &gatl}}\ljog%}{%gégﬁ : glrogﬂgﬁ Zhb‘ﬁ%ﬁ‘i Ell alﬁéldlglgg S‘hf" ght
each ot BighalDFE RS en BlitputitRN7 VBB duss tekaire plunel12Vatalesed3O talgdad3imp 0
respond to minor variations fromsetpoint in controller 64, sinmultaneous

si gnal s whletrvenpe bhisrselected apthe 24 pimap. Jbhe gppositgselgptienres betmade,dn yvhidh aaseli f i er
74, al so. kn as. .a |ag. conpensation, bl ock sult in uneyen nt r ol

val ve mo\Rbi woud tid eaRUROSRE: typhikeient 20 Wuld i ners Serkmotiiedd  han

val ve 3§; n-EIPVF 8L H3LhOMILAA, Fgube RN SRatt OB Bcéxﬂ?wﬁérgi‘gxlessruf'eci‘ﬁbx‘éﬁs@ i9y the
speed coﬁ%rol grs 26 and 34 1s 1dentical. Wien the uneven val ve novenents
ogour, isensed by prevsare-inditdtagaohirallertod ibé rweclssneesl vaha 62 sespotisptd a proogsst he

punps. At the sane tine, changing the steamf]low to one of the turbines
si mul t avevise fowrqatederttfe [ Fiayrs 4.1 thrdag Bumpp eefers hepump 10.0vhilerikee Isad Buse st eam

coree. LS 3P GRATRE: TRl 434869 ML HLRE B0 LTS bipdins™” 1

setpoints. This continual resetting or hunting by the control valves 30 and
38 can result in unstable operation of the turbines 14 and 16. In
situations where vibration sensors are nmounted to the turbines 14 and 16,
the vibrations in the turbines can reach sufficient levels to force a

o ~ N Y M a o o o o I T




val ve position in valve 38 no | onger have any significant immedi ate effect
on the sygtgem overal | . 71 77-PCT 7 0 5 NO V 2002 Wth the respo(Qsi NEBES
of control 1 oop 22 having been slowed to | ess than the speed of response of
control loop 20, mnor blips above or below the setpoint of controller 64
are mainly regul ated by novenents of valve 30. Even steady operations at a
control pressure as set by controller 64, with the use of the lag

conpensation bl ock 74, elim nates the problem of fi ghtl ng between the punps
10 and 1PANgEiR Hi TRgRsHESA VAR et iash mShiéUlLatrf*q%@Pée geedemhpdHeeit tFeieSHSE i n t he

demanded. f 1 0 I 56 r.ol e tovvar |ts
cl osed g ¥Vbl:]'1 Str‘?’}ﬁisgh %%ﬂaﬁhﬁan(a%laf’d Bjemsce%é’%,egld3 eé%“”i“%e?%ﬁ?ém plssggrinﬁn

56 by cophrehiofhe 1&@ﬁ1dnead ﬁhnﬂfseme@llgﬁawm@me WeteQﬁHhal)h&)nEt%Ht At a time
conmpensati oh bl ock 74, both punps woul'd respond simlarly as control | oops

20 and #2meahdieated by 781tﬂrells¢rme‘cépne$suml asiable infine/ 30 siesifidththrider88es, calling for

respectively. Depending on the gwgree of w%e upset, both punps 10 and 12

codl d aéﬁ?@é@ﬁ? ip REiPUt FPR IARSHIOGRA V&l Lol BBFRN CW(HS%??‘@@@P ffch’élftﬁpenl ng of

recycle_y I requisite
set %1 Fgf r%greamgx% ?@é ?gfarr\gﬁéj ?hedsz@'fzyfﬁfvgﬁ“ tdalglﬁﬁ% ffdr%m ggzﬁléy aee? Sy

fl ow neCeé even of "0 pr 5Ce

shut doydporse t@‘é%@éshx@Sﬁcr@ise ROlikE SHJ”I}%% sRpEd bégnddnt 80sdhRatdadly 98RrERnis@spond

to dramatic changes in the demand (i,e., step changes of greater than 10%
for 15 gwdmdl@):ay tnhtéeIsagalc‘/cﬁrmewéedﬁownntmlmMMhlpbuitmmerly thtlorlﬂvnl‘tdﬂEB clwt r ol

system. ensatd.an 74 in ace, row nline
2L St el he St B RERERLOR PR el e Refhe Sponse Rttt dhe sl 1 esul
i nyt he ¢

o 11 oA PUIP Il (IR M’é"?ﬂ*&%ﬁ%‘?“ig% 10 in rebfirkro Sttt e
respons lmcesmsd; varfabidy é eq dhret predsuleon fn@26.f Bire ¢Hapgd i lagarqmamrp id Gnersd ﬂnajoelso be

signific slower. Thus, the intajn a certajn forward
FLOG POy SRS b aTID s i s PO RL0! SRy o et e e Bl CaRRing
coul d beysanr egdlicRbbven, dsiimBcard ﬁah@ém& @Gwlhe?@?efgméﬂpsf@m;c@&w%&ﬁér Pés‘g&]sb‘iﬁ

recycle valve 90 opened or nay go offline that occurs, the operator can
cont i nueigha T2est thathdtivheteln thel qonirdlhea lﬁﬁswenhreghletelddvg theurv. pufips ld)pmd a2or can

meual | %h%ﬁ%ﬁth%&%ﬂ RS BAT TEIoT o SRR oL RALELP! DRt PR er

64 will gé INahsuikie o (R TR &gp@%fth@%m;& SR WiIPEHER em@mweyra@ol ng
this w Ipl ypass the bl ock 74 all ow punp 10 to con% the pressure in

| i ne 56 tizntpumift 2. nDhe medsasiderariags pf)pISSUtermnsed/rbe/n:ontrolWaMs@Iye\ctueﬂy asretakne | ag
punp. Those skilled in the art can appreciate that, the nati on |ch
D i o e Bt loh Bt 076 CortaupsRRiproge PlliurBay Bucin ettt
system Fe%qﬁasqlmawsm@%ha%o@ fleRews ihBQuiplLosh thd Rad Bmﬁlbtu%ptpnfg i nventi on

a

Addi ti on any one punp can be operated in autonmatic operation by
coantrol kiamamaummeh theeewttthengparepeiisg pitseminithiug firanreoyderalet 90 awl its

7177-PCT,0 5 No er.at for, the cess s

mai nt endHERAte ?%Bétﬁy?lgﬁ% 6h%g%efa% (Serhﬁlﬁ’HfPén %JRS agl‘?‘mpFYOS‘ifP%s %{‘ﬁtlﬁ&?td’ét es
the per wg@m%mmﬂwmn@eé@s o m&@¥ tHRUeed fb gl (RO BreBRiFe #1116 & Qe t he
control system. As indicatéd in Figure 3, both punps are operating at a
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15 At the top of Figure 4, the sensed pressure at controller 64 is plotted
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~0 7177-PCT 12 CLA1IMS: 1. A punp control systemfor fluid delivery wth a
pl urality7sPChunps in simultaneous parall el operation, conprisingqu ﬁV%W?
v zoo2 a primary controller to nmeasure a controlled variable and seng a
plurality of different output 5 signals; a secondary controller nounted to
each of a plurality of said punps to cogtrol their performance, wherein a
different signal is given to different secondary controllers so that the
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conpensati on ock which nakes said secondary control [ er associate

sai d al tferthd csntyoialysterms poAd irsliaeelrin tFhgune 3yrtwthgurm ssairel o sexatinpda mylitgonier 800 er .
3. The control systemof claim?2, wherein: said primary controller further
conpri s&8llanspegmanuisyhen pelranpticdscreaseds flovsderyng by thaarocesspbae 5¢eccus, t o

measurenent, of said controlle i ng .seids ;a_plural,it f identical
si gnal s.” (.:h HES en??%flreg)?g{s %eéfgopnl?rg!l% @ q‘v%eeér%nﬁca%ﬁﬁ}fﬂh&dé{afwg@at i on
bl ock aldf,ghs ddmdtRARY g% %ro $Rtedpdide B the Abse iveHiRltHe Mtﬁmoméila% hhpugr- S.
The control system of claim2, wherein: sald | ag conpensati on ock results
i n a norvehigh adpaidsochanglewily dstrgassk a sittlenginhheptzaginmmg antdi then moreegpk agp fateom
said | ag conpensatjon bl ock than another _signal which is modi fied by a
'ag comBEReAAPEHOBhS drcrenge lm%ea%rﬂr}rpampsl}s%%a@fvm&%tﬂwéﬂg&ﬁ@lﬁj@s RET one

punmp' s sl:ower t a A t
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wher ei n:thé flewp argmudohalas iadated $n dRirighedrdesfdigse FnRhmpdIRONES ofBY the flgoW Yy
to Chan%%rript, %vith block 75 modifying its signal while pump 10 is now the lead pump.

15 At the top of Figure 4, the sensed pressure at controller 64 is plotted over the same time
period. Figure 4 indicates a significant pressure spike around the time of the upset which caused
controller 64 to alter the performance of pumps 10 and 12. A small pressure dip following the
pressure spike is caused by a loss of the then lead pump 12. - As can be seen from Figure 3, the
output of the lag pump 10 actually drops slowly in the beginning and then increases rapidly. The

20 size of the upset is seen schematically at the bottom of Figure 4. The reference to the bottom
graph on Figure 4 is to a feed rate of, in this case, methanol, which, in turn, by a ratio controller
controls the flowrate in line 56 through the use of controller 60. Thus, the magnitude of the
methanol feed decrease is fairly substantial but of relatively short duration. Figures 3 and 4
collectively show the system response of the pumps 10 and 12 to this degree of upset. As can be

25 seen by the pressure versus time chart in Figure 4 for line 56, a very minor pressure disturbance
occurs, chiefly due to a sudden loss of the forward fluid flow from the lead pump and the use of
the lag compensation block 74. In this particular example, the order of magnitude of the
methanol feed rate cut was from 350 gallons per minute to about 80 gallons per minute, and the
control system  responded to proportionately decrease the flow in line 56 without shutting the

30 unit down,

Those skilled in the art can plainly see that the control system  allows for a low-cost

debottlenecking of existing plants which were designed to have one pump running with another



out put than another punp which receives an unaltered signal in the event of
a 0 57Nmrar 2002 7177-PCT 13 substantial change to said measured(§ NOV
vari abl e, preventing shutdown of both punps at the sanme tinme 9. The control
system of claim@8, wherein: the punp which receives the unaltered signa
rapidly reduces its output flow responsive to a substantial change in said
nmeasured variable until a m ninum fl ow val ve opens, while at the sanme tine
t he purrg whi ch receive he altered signal alters .its flow output nore
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wher ei n: on response to neasured vari a anges prevents

two pumpscH\thed witle alko haiing thel capdtl lén @ Orespondingoimn drargdiici proceeaapsent mpe. 11.
The control systemof claiml, wherein: in response to a substantial change
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control systemof clarm 11, erein: said primary controller, upon sensing
a rapi dtigegiteasentiod systeen catf pespondfio s &itd ogsit é¢creass pf) fieti axgmplenfrom 1650
automatically reconfigures the responsi veness of the sl ower-respondi ng punp
to gi ve geHorsper e is] 3P0 gatensrer fTHRLE BR AWETYAREIN Pasie shSHONHE! SysEp. 18 A
met hod of  contr.ol i r L.abl i t ul ating
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sensi ng stidicad @AY pestedsahhuddbl vhidhaBulCh pbeigor Eeinged duilvef62ak tHedldsstof oo of
punps) with one designated the | ead pu and another 2 5 designated the |ag
punp, withehtvempumpsi M ofddl Thesentsnlisestedn stber ahloms thotllevs @ibsdalanpqdelramthe
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of the anges more qui ¢kl _
t he | ag sputdBwhe FROMNS] tHe corird spdfeamdealdoprovitles R asmpRg ovar frédloge pldp tolihe

met hod of claim 13, further conprising:
other without upsets in the process.

15 In operation of the control system ., the process operator designates a specific pump as
the lead and the other pump as the lag. In order to make sure that either pump can function as
lead or lag, a lag compensation block 75, similar to lag compensation block 74, is connected to
signal 72. Depending on which pump is selected as lead or lag, one or the other of the output
signals 70 and 72 will bypass one of the blocks 74 and 75, which results in one controller 20 or

20 22 having a relatively small lag time for quicker response, while the other having a longer lag
time for slower response. The lead pump responds faster than the lag pump so that the lag pump
is unaffected by process disturbances which cause minor pressure fluctuations from setpoints of
the measured variable. The lag pump moves slowly and works in conjunction with controller 64
to hold the balance of the flows from the two pumps during normal operation. In this situation,

25 the lag pump is not sensitive to these minor pressure fluctuations in line 56. Thus, small
corrections can be made by pump 12, in some situations before pump 10 ever reacts. The
control system  is set up so that when a large upset occurs, the highest priority is to maintain
the discharge pressure in line 56 and a reasonable forward fluid flow all the time to avoid a unit
trip. Attempts to balance the flows from pumps 10 and 12 at that time are suspended because it

30 would result in the deterioration of the controllability of the system. If one of the pumps 10 or

12 trip out, the control system  automatically switches from dual-pump operation to one-pump

operation,



3 0 generating a plurality of signals responsive to said sensing; putting
one of &did“signals through a lag conpensation block to slow down tf NDV 2
response of its associated punp controller. 7177-PCT 14 15. The ne?hod %?
claim 14, further conprising: driving each punp with a turbine; regulating

I nput to each turbine with one of saidi@ontrollers. 16. The nethod of claim
15, further conprising: 5 driving said turbines with steamp 0 5 NOV 2002

control l'ing wifll @wcyatol Sysetap! wipiatet helagt it QoA berdtidl EHogn W difecone of
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while the ¢ roller on said | ag punp responds nore slowy to naintain a
r easonahlnep boraggudplsillf dlow dowh elewiph rreltheowill wit o pemiss mdsumetbw aslvabl e, 19.

The method of c¢lajm 18, further conprising; .operating a mninumflo

[ ecycl PTARFOLIE PR EOTBERFAtmblosk SFbLRtE PR dircrussdBksiead BT oA ead
punp of § . I; i 1 oA f val ve;
Pt o1 SachBEqliPil BERARI AAROREER) A GE it Tl obOM IRIXEER, 1o 'e)

punp, vduddbnipduges a siniffranedesunt bf theeapacisy bf the pafplseaempwhiph wi fufoptevérhie | ag
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pump at this point of time, the new lead pump can increase its capacity at a rate comparable to
the decay of output of the old lead pump in order to control line 56 pressure. Thus, the control
system prevents both pumps from opening their minimum flow valves at the same time, which

15 would result in a process unit trip.

The tuning of the lag compensation blocks for the lag pump has to be done in
conjunction with the system operating requirements. If the lag pump response is too slow, it
becomes almost a situation where the lag pump is on manual operation. On the other hand, if the
response time of the lag pump is too fast, then the problem of pump fighting and inability to

20 control during process upsets will return. Thus, the setting of the lag compensation block for the
lag pump has to be accomplished by tuning in the actual process system. The tuning of such a
system is a task that is well-known to those skilled in the art. The control system is
configured to automatically switch from one pump to the other on automatic operation in the
event of a trip on one of the pumps, regardless of whether that pump is then designated as lead or

25 lag. In response to a process upset, such as a rise in pressure in line 56 requiring a capacity cut
in the pumps, the lead pump responds quickly in reducing its capacity while the lag pump
reduces its capacity at a slower rate or may, in fact, increase its capacity as the lead pump
dramatically decreases its capacity. If the rate cut is sufficiently great on the lead pump, it could
trigger the opening of the minimum flow valve back to vessel 46, in which case the relatively

30 sluggish lag pump would attempt to control the desired pressure in line 56. When such a

situation occurs and the lead pump is not shut down immediately, the discharge pressure control

in line 56 may become sluggish and unsatisfactory. The lead pump may open or close its
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wherein a different signal is given to different secondary controllers so that the response of one
of the operating pumps to a variation of the controlled variable is different than the response of
another operating pump.

2. The control system of claim 1, wherein:
one of said signals is altered by a lag compensation block which makes said secondary controller
associated with said altered signal respond slower than another said secondary controller.
3. The control system of claim 2, wherein:
said primary controller further comprises a signal splitter which takes a single signal responsive
15 to measurement of said controlled variable and sends a plurality of identical signals.
4, The control system of claim 3, wherein:
said lag compensation block alters at least one of said identical signals from said splitter.
5. The control system of claim 2, wherein:
said lag compensation block results in a more gradual change in signal strength per unit time
20 emerging from said lag compensation block than another signal which is unmodified by a lag

compensation block.
6. The control system of claim 5, wherein:
one pump’s slower response to measured variable changes prevents two pumps which are
running simultaneously from fighting each other.
25 7. The control system of claim 6, wherein:
the pump affected by said lag compensation block responds too slowly to small
changes in said measured variable so that another pump, which receives a direct
signal from said primary controller, in effect is the pump which substantially responds to such
measured variable changes.
30 8. The control system of claim 2, wherein:
the pump which receives said altered signal responds more slowly to change its

output than another pump which receives an unaltered signal in the event of a
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variable to a desired value.
10.  The control system of claim 1, wherein:
one pump’s slower response to measured variable changes prevents two pumps which are
running simultaneously from fighting each other.
11, The control system of claim I, wherein:
in response to a substantial change in said measured variable, the pump which responds faster
rapidly changes its output to control the measured variable while the slower-responding pump
15 gradually alters its output to maintain a reasonable forward fluid flow while bringing said
measured variable to a desired value.
12. The control system of claim 11, wherein:
said primary controller, upon sensing a rapid decrease in the output of said faster-responding
pump, automatically reconfigures the responsiveness of the slower-responding pump to give it
20 the responsiveness of the former faster-responding pump.
13. A method of controlling a measured variable using a control system regulating
the output of pumps piped in paralle] and running in tandem, comprising:
sensing the measured variable;
controlling the output of at least two pumps, with one designated the lead pump and another
»5  designated the lag pump, with an individual controller on each pump;
providing different signals generated from said sensing to said controllers so that the output of
the lead pump changes more quickly than any output change, if any, of the lag pump responsive
to a change in said measured variable.
14.  The method of claim 13, further comprising:
30  generating a plurality of signals responsive to said sensing;
putting one of said signals through a lag compensation block to slow down the response of its

associated pump controller.
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controlling a flow valve supplying the steam to each turbine with one of said controllers.
17.  The method of claim 13, further comprising:
providing a signal to the lag pump to slow down the response of its associated controller so that
the pumps don’t fight each other in an effort to correct output when holding a setpoint of the
) measured variable.
18. The method of claim 17, further comprising:
providing a signal to the lag pump to slow down the response of its associated controller so that
when a substantial change in pump output is required, said lead pump quickly changes capacity,
while the controller on said lag pump responds more slowly to maintain a reasonable forward
15 fluid flow which controls the measured variable.
19.  The method of claim 18, further comprising:
operating a minimum flow recycle valve on the lead pump as its output decreases;
taking the lead pump offline in response to operation of said minimum flow recycle valve;
maintaining automatic control of said measured variable with only the lag pump, which now
20 operates in the position of lead pump without the lag compensation block.
20.  The method of claim 14, further comprising:
sufficiently desensitizing the controller getting a signal from the lag compensation block so that
the controllers don’t fight each other in an effort to balance the required output between the
pumps.
25 21.  The method of claim 14, further comprising:
sufficiently desensitizing the controller getting a signal from the lag compensation block so that
in response to a substantial change in the measured variable, the lead pump changes its capacity
rapidly, while at the same time, the lag pump, while responding more slowly than the lead pump,
is able to maintain a reasonable forward fluid flow and is also sufficiently sensitive to bring the

30 measured variable to the desired value.
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5 allowing a minimum flow recycle valve to open when the lead pump decreases its flow output to
a predetermined value;
shutting off the lead pump; |
eliminating the lag compensation block from the lag pump;
controlling the measured variable automatically with only the lag pump, now operating without

I the lag compensation block.



