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METHOD AND SYSTEM OF USI NG | NFERENTI AL MEASUREMENTS
FOR ABNORi MAL EVENT DETECTI ON | N CONTI NUOUS | NDUSTRI AL
woReeeES FI ELD OF THE | NVENTI ON [ 00Q1] Thlspdfﬁgﬂmgmhww
generally relates to the early detection of abnornal
events in continuous industrial processes and nore
specifically relates to detecting incorrect
AR aSHHRISoN ¥aVtes of key operating paranmeters and to
—predicting rutuare abnormal excursions of key operating
BRACKGREIND ©F BACKOGRANIIOBF THE | NVENTI ON [ 0002] Wen
contl nuous 1 ndustrial processes are operated near
t hei r ecdibenpsesptt mMmyentiey zedabpertn ad navedakn nypgful gas
or mnimumlimts of key operating paraneters, such as
AR prBuderigal ity specification. Consequently,
know ng tAhle?r. CL{EESP&t%}g ?’?(%%%tsgg L z#:l & Va:p%gegg %}Def’ne order

paraneters’i s very |npor ant I'cren
+OP&EAldorRnaf usoNny i mqsnln@,d@%t 5tﬁhcm@cessﬁsce§wﬁ Amses
refineries and chem cal plants, as well as the
ppogentirenlatiabnos nalitavent so katy exariplieieabsnosiveds
qual ity excursions can cause products to be outside
op¢red riagedinf pcmedbrr] iffcid ityause ttlhae mapgdaeaturing of micro-
nalfunctlonln of process ea; gnent uch as

cR1R3 1 aaqdoﬁ But¥D: vaTEEF PRt iDnyen Ftighobhhepace does
ngggrc 3909& PLP Sscloo%fc%gw &Seui;%we;owsg Low

F eact |on m co dup on catal yst 8s of
thfangf ahef eAPLs@kand Uimabirgari Pahdirdiaea cebes) ra{mp%]t is
The direct neasurenent of process streamquality and
obtérerndeey saper ab i entparlambeedsreati de dnot Hiekpansiian of
and trouble prone. On-line analysis incurs both a high
SPPRY A1ln ASt ardeX i oh RFestidand BRI mairAteRaRkORDstElow of
The on line anal ysi.s often requires a dedicated

IBF 0B E3nPET ng® &Y PerfitAnE AR %ﬁ?ﬁtrlé’nﬁﬁﬁtlﬁﬂzﬁs the
oPLAIACIEA o 6Lel pOEl L elifeRr (LRE analarsis coab Pos 1

I nt enance o 'S ‘'equi pnent can require specl
phFei Ned tRerS0PEL| ardNthhitgE rphevieat atd igy aatfa&ename
effort; however it is often the case that nmintenance
i s done dm yhin regpohsendny aikndwhfpsentd dw@vei bben hpropose to
on-line anal yzers. Recent on-lineanalyzer systens
4} FROY Forratle &t Rl §&r¥§|0§§°¥lo?r%stth%g%ﬁat of a conduit
| ibratiaon onputers whi ont
d%gu Priett &Faé%o%?%%%?iﬁ%§004 Off?xmm%l es c oose es Patents
5'@”@ gualihlyy s TBRp U EIMRINGS, WS kDEm 31 ARANREQr ¥o§£‘@<ﬁ3’1§} il to
either in conjunction with an on-1ine -analysis or
inpsdeadnef aap onrtd nermakysirsst Becafsahef detiece.
ext ensi ve human involvenent in taking field sanples
and t hen émékygiﬁgatMQ§§ﬂsawFlés779h%%%é$m%5aﬁé8y§é% describe
are usuaIIy infrequent (fromdaily to weekly

d%%‘fﬁeﬁ cant hbthels VAdtaberi {I‘k}ltlan%tarﬁ?ﬁvéaé{eﬁtho e‘?lrscﬁ“bu’:e
%a arid Q:%QféLtT éc'u;paoss%g%n%f Egrplcula %‘3@;}4?' s and

bor at ory analysi's approach erentr al
estimate ofhithe gUatdd ypRamareEep75aL De Loeat edef romm
nore readily avail abl e process neasur ement s (pr|nar|Iy
61 ehPrid vhes, apr eSisitreas, thad fbows)eatBae cowes that filter
traditional uses for inferential neasurenents are
Parisquliayecmaht@ra continuous estimate for the nore

slowy sa apal yzer_ val ye fo S thin_cl osed

| oop procggg%ggn F { SN RR g |8hé8ga§%¥gé%6%§uf8pean patent
val i dat e anal yzer and Iaboratory val ues. For these
uses, by quickly updating the nodels with the actual
on-1ine anal yzer val ues or | aboratory .neasurenents,
reasonabl y adequate performance can be achi eved even .
with poor performng nodels. If the nodel has sone
power to estimte the next analyzer sanple, it would
behave no worse than using the | ast anal yzer sanple as
an estimate for the next anal yzer sanple. However,
except for ensurlng nem1ana|yzer sanple values are

e I s " o,




measur es whi ch conbi nes pretreatnent of the inputs to
account for tinme dynamcs with a prior art algorithm
wos2468h9617PLS, a method for building high qual ipgt/us2008/002769
inferential nodels of operatipg parameters to detect
abnormal val ues andto predi ct abnormal excursions
(Figure 1) and a system for online inplenentation of
a§$\p1M%h E8H08MY 14y %egsléwbg)mui@i%@ 1ERersy st em fry
online inplenentation includes: 1. preprocessing /
cd el Re3C lvhOoh za g dntpd oyedl £ 1 ref dettea d2vicakcul at i ng
estimates of the current quality value, the future
pr edi ct ed Ugdakilt jtataudatandst hed2atiHateash ahéluid diffuser

qual i for use in rocess control plication
A A Bait Fef iR REDST Bt %A PR At St tial

n t I g i mat
A it B e PR P, O & Yelfeceing
ast aftusref emuttbplenoOpRrRlsRg. par anet er neasurenents 6.
provi di ng abnornmal event diagnostic information to the
consol e operakdr STatey atednng Hpd2d, 44 7agmos®i, 659, 655 show air
information to the mai ntenance engi neer [0011] At the

dhkftse rofinsREES | WieHt icBwley Wavehfliatera aF aBeets whi ch
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s moasur SB5aN BT MR RharyLey BO 1 Pabor dtorrd
p%‘saélycs'asi‘r g'ﬂf?u lsclf%%ﬁ &Iﬁgg}ll erlrﬁ\{Iﬂlzlegbl'lglpé n%?ésincludes

measurenents such as tenperatures, pressures a

opdOMRys DIFC(R8i 86Em M@ prior art al gorithms for
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cal cul ating such an inferential neasurenent -nodel,
such as né&migkdnétarkLathtspartal3qeasd $gAaLes63 describe
PLS. and linear regression. However, these nethods
a%ﬁuﬂ?%ﬂeﬁf?EGI@yf?qﬁﬁﬁ'ﬁépﬁﬂﬁnﬁh%?ﬂe%HQn?96§ﬁ§ﬁ¥%% MHiqghout
p eracterlstlg_o contlg%ous nd%§tglal Frocess $ £
T’o%fﬂ FBF the YHr& et &P9hdael™ (Hi“s PhvEALTQR Surtaces o
tﬁgng&fy§§e§spr|or art nmethod, in partlcularly PLS but
not limted to it, wth three different pretreatnents
of the rmakelgatsnaufflﬂﬁoal wevhasdiiei ¢theiitstre bdyBam €Soming air
i nherent incontinuous industrial processes, a step
tkroviecdd ity nen symetfifdeiizati nanndacti thoemlefiinapeor. tubulent
synchronlzatlon Is structured to the partlcular use
£191e RATISFPWPYLHPSH @ NEGabFRi 1IVANGA tie Fheafiodd Rirt
ngg atgalcglgﬁlqp flrst cal cul ating each tine
Sync ront zed | i npu 9¥ind then conbi ni ng these tine
synchroni zed inputs into an estimate of the out put
value. The different tinme synchronizations the inputs
are done to estinmate the current val ue of the analyzer
/ | aboratory neasurenent, to predict the future val ue
of the anal yzer neasurenent, to be used as the input
to a nodel based predictive control algorithm or to
be used as the input in standard control al gorithm
such as a proportional integral derivative (PlID)
algorithm[0013] To train the inferential nodel, this
i nvention includes a nodel devel opnent. approach which
creates a nodel training dataset structured to the
characteristics of the data generated by continuous
i ndustrial processes. This includes: using nornhal
operating data instead of designed experinent data
accounting for protracted steady state operations at a
smal | nunber of operating points accounting for
process tinme dynam cs accounting for the cross
correl ation anong nodel inputs accounting for
unneasured effects on the analysis / operating
paraneter [0014] The on-line system preprocesses the
data and cal cul ates the inferential nodel in a manner
consistent with the off-1ine nodel devel opnent.
Additionally, the on-line systemincludes a nmethod for
adapting the nodel in real tinme and nethods for
|nterpret|ng t he |nferent|al nDdeI calculatlon and t he
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[0021] Figure 5 shows an exanple of 90% i kel i hood
that YPredicted will exceed upper quality limt. This
wd Jo8sHBoshows how the data distribution of thecr/us2008/002769
Ypredicted is used to determnpge the |[imts for the
fuzzy network in predicting abnormal anal ysis
excursions. [0022] Figure 6 shows a fuzzy net for
BRIFF B UMMARS biKehE haedNaftogual ity limt exceedance.
This tigure shows now nulti ple predictions of abnorma
[imt exceedpmeesntaimbmmtimhgedlabgetthera indivelaasd ngs€ful gas
comon trend di splay which summari zes the |ikelihood
dpffumicabrevaae-limit exceedance. [0023] Figure 7 shows
the visualizati on coppaonents for qgerator

di spl ays.
This f1gdie SREHECIRe 9 MERyBbet AT s Htags2rgra source
he on-1ine I o]l tor._di.agn

O%o?aesnﬁljalalébﬁ%?%@:‘%%%eshnt% . Efbggﬁ? |°S_L16?1(§ e_%ss%oggle%fcﬂar space
why® Gl R ber vartiretdnd frae devetoRiNGnenbetsott dnvention

nodel s. This figure shows the nmmjor steps for a
Cihypidzad apsheetandvived kogerdphdesyk| ajyenghinhedenined a surface
_nodel s. [OOZSL Figure 9 shows an exanple of effect of
ipgar &by Ifremnghet 22MeR- stSACE 6pEfats orfs genempl tai Rl afg and

a, This fi an exanple of how the failure to .
e? éc lze.

. dag gure IS
Iekdidide dat’dTPFoRPRT it 6k 4t 8*8PePatd diFS “CBUFa™APT
e i S 0 i.nf e [ | :
B R b R
ah | AR POCRSSiEO Beiah &hangersdhishd 2@l ehshp¥si pheral edge.
dynam c response which is typical of the tinme dynam cs
encount errediirstcphtralicus dindpsttrueds prmec eeosesioh2i the
Figure 11 shows a pair of distillation colums. [0028]
fRfureene2 odhbhe auskaca i mEher Bhase Hddo@ifaprariwes through
artial plugging of the.sane line to th ' :
R 2PUBIBT Rt 13 EnBRA SR (TngPPPeRERe relative
1@Se0ciaked with di fadg cakibration gk like analyzary
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
pl 0830 yThe ppesented MMRNPI1ABePr EViSIRM Ah8YSL et et of the
detecting abnormal events in key operating paraneters,
sescwtd &ngr eddcpoggrd ia yechopduseneenvdger efit the opetelarea
to: ~estimate the current value of key operating
T et it éPsthﬁr%)W?jé’featthley s_&éf”é@t?‘?ﬂ?-of Tihﬁvgllifﬁi.t percentage of
neasur enent of.ke%xggﬁkg%aggtparaneters pEEQACEh

o er% darea pertainin Zzone is”less second
ut ure ‘abnormal ™~ éxcur si ons ~of “key oper ating paranet ers

pé PO RAdiet bEBRI d Yed teHAr Q¥LERS ol had LERi€16R! Idikcessive
the necessary inferential nodels and anal ysis

tiechands feukoh £ diee Omdyibee feysé@mrdgreskifelgntowdrds the
Measur enment Abnormal "Event Detection Cbjectives [0032]

pevidharedpedocabnbrerdiniedennd &pertidezopgsanendd also include
measurenents such as product qualit it is ingortant

) ., I
PO RdW: Ot EPERTGTRY i CanRP 28T S c?r¥1l§6‘8FaP8F9 ntage of open
a?egapvfeqlaQQVé ggrcrzeﬁgﬁtvi%luligz F!)ﬁea ?h%(q igsg EQ%CléDSS e zones
oop process conttol propéerly predicting the value o
pltderaalarbn?enM et dhee rbeod &t WHd ise@rhcauakitye flat
excursion due to a process change or an abnor mal
skeent TheWbatcestdde qfr etheat eded utalrax ival te ohetdmsea of the
anal yzer or |aboratory value? Il. On-line Abnornal
2ERetNIEREEFr on Using Inferential Mddels [0033] The
nodel cal cul ation process dgcht din Fi%%re 2 cgn bef
segnent ed MIEBTT b8ro 1] or°UP6r tPohsT TSGR PR EATA foF
col l ection and preprocessing B. Mbdel and statistica
significance calculations C. Sunmari zing nultiple
nodel results for the process operator D. Providing
di agnostic di splays for event analysis A Real-tine
Data Preprocessing [0034] Data is brought into the
systemon several different tinme cycles. The standard
" process neasurenents (tenperatures, pressures, flows
etc.) are typically available at a high frequency and
come into the systemat a frequency of at |east once

.
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unr easonabl e change check can be suppl enented by
conparing the new value with the estinmated val ue and
woieptebsyg that the R Bias has not changed by a@T/us2008/002769
unr easonabl e amount. [0037] 1f, the nodel inputs, the
on-line anal yzer values, or the | aboratory val ues fai
any of the gross error checks, the operator woul d be
AN LIESS d FIRdi shely. adjactel?l% Eﬁél&grﬁiﬁe:r $Sh$1 0l Nehe gas or
operator may need to take followup actions such as
adt sedling tthemctosesbddigr ecorbugh @ppldicaiisabn deglastof the
a field check of the analyzer, request an instrunent
pcheekt ofnventipput, or request a new field sanple be
t aken and anal yzed_by the | aboratory. [0038] Once the
raw nodell§ AFY %Foﬁ%ﬁ%tm%ﬂﬁﬁﬂ¥%§ RS ?Wﬁe&ﬁ%ﬁﬁgeé?}o?dge of the
hecl%éetarr}%1 ermté cal transﬁorms needed _f or podel

T8 ar é Fcu?d? GaRary2er or 1 ap°redirt ?ﬁﬁ}angle,

t@k%f@qtﬂe'h%a oHHti}?dTPJHeCfﬂl'lkU ansf OJcﬂﬁtﬂl%rﬂ t @hbeperipheral
consist'ent with the inferential nodel form [ 0039]

efty@abt wHehElavdehed hpudyoeaae ﬂehser@iﬂmmgnﬁueved In
excessi ve noi se. Measurenments with spi ky behavi or can
cpetpipEsesd Bhe heer apiwealr efeethan He |algculggeh as a

Union filter, while high fre uenc noi se can be
reduced wit FRRYhFERCTr eiftfert E&CFSF ¥ i TMSS (ergpating from the

n 0 r
§§€%§Q#4 h% ?égl é%%%%yf %glat|oﬁ%aﬁggfg]g?henCerllng
b pher £t i alrhAedel stcﬁ WayONthienenhah@! YAR! $adndubdbund the
nmeasurenents are typically fitted using partial |east

sequat eorePlB) cheguessimis, theutaksteiane.or stepw se
l'inear regression. In Figure 2, three types of
abnor mal Pev@ﬁtlsmayeab%@r@ |1d’§r3rPidPiieHn fhe satreéneetnéaventlon to

ter obl e the
“Frem p{ﬁ?& EGey ﬁgrgae Sufles SHeglongThpguall may also
g£§ Ip%%aﬂt Q{Fefﬂl%%%t tgué‘lféé’t %2&“1“%%&8{} §aH§e6d

y a nal ts Si

eve ng the Ypre dicted valu
dlhflﬁsﬂlcﬁf BECLT] b@rmédrpretsemobhe@@tidh gint Renathel potederal
or in the raw neasurenent (using the Raw Bias). As an
dadectionalt esprédetdheimnmodeldisbanestinmt éhfkoreiding fa a room
process control. application, YContro can be
teapPrietted ntEafRTERAS ﬁ@tthhéupﬁﬂér?@ﬂlmtl ty Measures
, Yestlnqge> YP edi ct ed nq‘ con troi OQﬁfJ E g
model s for- &&¥ch Fa???ﬁr??1 h?e%oYﬁpéglo Senter 788

a9eahd {oh 'Eﬁ%@%%eﬁa§%§ér§th&felh§5§€e 'R QI jGRAPONent s:
time synchroni zation of the nodel inputs with the

qual it yisreasueEoeatan id Ricenbifakhavsiedseral aubahtoon to

bi as cal cul ati on and update [0042] As a byproduct of
proeids s geal duffusorn ddvd cRawhBrasallowmnahpzpdssage of air

|dent|f¥1nodel cal cul ation problens or anal yzer

CREPYHE dtioRaBFi $1.2 ﬂ%“@fn&‘ﬁ%ﬁ P (] &Ye[r064§}d@%1‘1’?‘ify
I I
measur e nto%:h% é'gt é’f t q}%hﬁrgye:‘ﬁ r?vé‘rfcﬁg)%?rgae?o provide a

process anges. erefore I 'npu
gglge@hﬁﬁﬁ%nt ageléymr&mdagqr%&tbg hﬁld&lﬁlnbt)hr from a
nmeasurenent. This tinme synchronization is indicated in
cbhguite ity at hpaterim "dGlamihas fhowa réym@r.c nodel nost
sinply represented by a differential difference

equat i on Porfurapracerieahstothet PARSERY Jfrlmlttll@ﬁ §fche provide

as-a t- ord r deadt i d
 ERp A P 80 S5 v S Gy o SR Sl 4710 £ aphafss From
transform of the input signal Y(s) - Laplace transform
of the output signal §s) - synbol for the transfer
function e -TD*s _Lap ace transformfor a pure
deadtime of TD Tau - tinme constant for a first order
ordinary differential equation s - Laplace transform
paraneter [0044] It is inportant to note that there is
no steady state gain termin this nodel. Al steady
state rel ationships are incorporated in the
|nferent|al nDdeI paraneters. Durlng t he nDdeI

e . - M - . I R



A unit variance scaled input variables, X : Equation 2

k =k * + 2k *X 2 +-- +aj] k *X J YN= Bl *L N +B2 *L2
woNoes/1000 BV LMN + LV_Bi as Equation 3 Equation 4 \h@hfsiio276o

j - the latent variable |oadigg (coefficient) for

input "i" and |atent variable "j" Bn - regression

coefficient for latent variable "n" Lk - significant
galsatc%rrll(:iuygréﬁ@lrﬁﬁ'li'nﬁzﬁagetﬁésf@ﬁtﬁﬁo%“'of Pbs: n@deland other

output at tinme = N Xj N are the tine synchroni zed raw
dirdptansf ei peshtidyuwiss. L V Bias - nodel constant from

nodel devel opment [0048] All of the factors and

coef fi ci #rtsanefhemcihiespupche lrassmsi AU hi@ dls to

singl e coefficjient to nmake tqiu%ineri§ PLS qggel ,
PIROHICR 4t PR Ghi T loPnREICYN L Y MRY  Re+ AR B ted 1RkO

*X.k N +Bi as. at | 5 i O | .
A e T PR B R e
14:00949] 1B apdelidienoasbiantd ngiddhargualityineads t@cility.

be continually updated to conpensate for nodel errors

and for anpehasur&diart wimotel pdesdrftedinyenhatnaf$ ecd provide a

t he actual neasurement. The easiest approach is to .
gagpdhtfdushen adrly iGey ehichsdees MYT iNrd URBIBPViTherarts and is

initial value for the bias is the nodel, constant
SRy fﬁaﬂléga‘aﬁ?rr tcﬁgaﬁﬁ ef‘mgé\‘/aellnotr?ﬁé‘ﬁfj'st age. This is

updat ed ha t he residu ; - -
estinategaﬁgggﬁgréggfgﬁ 3§|Sé?b§%%§??é§“?gﬂﬁg§% gzt%hgrOVlde
a Eﬁ“@'i@%ﬁsi&@@@% whédal &t yi Measunedeit hbt Lusd ddiyulate
stimateN Equation 8 [0050] This calculation is
mgperefroanmddheat ingtefifeatneandrnpd rmic- sartiieysbs of fedepr diffusion
anal ysis is available, all of the nodel inputs pass
deHeegr 683N eFRrdrPEIECREtand t he new Qual ity Measurenent

passes its oss errqr checks. Many an-line analyzers .

can onIy%BPgb?ﬁeOQP%é%wogngﬁﬁs?gei%ﬁ%u§q¥$nglgpoﬁf to’provide a
gdd SAYRNSY on LYPI LA L itKeE¥odPces 30 JUsNUE eFudeRendiNGe which

on the analysis. A change 1n the analysis value can be
prtsREedS at Bewhwd @08 filndheayi Higrpulew fabueohagadeen

delivered. [0051] On-line analyzers are often run by

conput er §hehatvelnt idiragossesees hether ofbjelkssanndl yadwmntages

equi pment or occasionally run calibration sanples. The -
ethefdatpdate SPRRAIPNEEIFHRFT tHRTHCAGROSET €5 cHutgature
el diisGale 8 PLOP 6 Lho2agalibratd o sanple; has, heen

run i'nstead of a process npre, i e sanpfe results
céHi8 ddRieasonabl e ( no change in val ue between sanpl es

or too big of a change between sanples ), or the

process is in an abnornmal state (e.g. shutdown).

Typically the time between the process stream sanpling

and the delivery of the on-line analysis results are

consi stent fromsanple to sanple, so this deadtine

will be a part of the tinme synchronization

nodel . [ 0052] If the new value for the quality -

measurenent cones froma | aboratory analysis, the tine

that the field sanple was taken nust be used to

determ ne the correct conparison time for the Raw Bias

cal culation. The tinme between a manual field sanple

and the delivery of the laboratory results can vary

significantly. Consequently accounting for this

deadti ne occurs once the | aboratory results are ready.

So if the field operator took the field sanple at tine

"K', and the lab analysis value arrives at tine "N'

then RawBi asN = Quality MeasurenentN - Quality

Esti mat ek Equation 9 [0053] There are severa

traditional algorithnms for updating the "Bias" from

the "Raw Bi as". Anpbng these are processing the Rw

Bias with a |ow pass filter, such as an exponenti al

filter: BiasN =a *BiasN_, + (I - a)*RawBi asN Equati on

10 where Equation 11 sanple tinme period - tine between

analysis results filter time - exponential filter tine

T T F AR a1 an Y I o g, 1



resi dual of a nodel (normalized based on the standard
deviation of the residual) into the likelihood that an

woRPI9®; event exists. The system user sel ectpgritR8008/002769
regi on where the nodel reS|du€ results are definitely
normal, in this exanple when the nodel residual is
betmeen -0.5 and 0.5 of the standard deviation, and

BRAREN DERER EPEEON IS induakEdBRAD e ordirant SsaWING

—abnormaf Tty (T T s exanpl € when the nodel residual
i s abover3ch standardddevilataonsnadr viewowheBing the device of
5.standard deviations). The |ikelihood of an

thebpaesehtt ynventbenwéenpl hes carad eds ind et heondwlar shown
i nterpolation fromzero |likelihood at 1/2 standard

Pardviiddtivon to 10096Iike|ihood at 5.5 standard
deviatio and. t he e |vaI Ng
negatlveegglugslsT% Pea and 3%@#%3 ?neéggﬁe depicted in

rigypi cal val ues of the |Ike|lh00d (60% and 90% where
the consol e operator woul d be notified of the
I'i kel i hoadcof 3ans abnatieh pdadi tieon.off @688HeThee of the
specific probability of an abnornality depends on the

pﬁﬁﬂﬁ@tdﬁev¢htin¢(ﬁﬂ'ﬁ@ﬁébﬁenemhﬁd#m%@tresidual Thi s

table 1 sh th t f t hat
w11 Fal FLort A 1 ARIGemebLaa P HaN SRS be (e the
1o oA VELYE, BSSHTNG Lhat b he: dabadistei bution

ctionrs ussi Ror ral [ 0059] However
the datapdist bi butd aerfahtiBesi@sicdudlatusHal | yisoast the
not match a Gaussian or Nornal distribution. |Instead
dilgtriidua i conplost d ek eofi stwos po Hhabidn by tddstfuderns ons,
the residual during normal / steady state operations
and the Fé&Sidbals di stieRatiens e i %Vﬁédéf‘at?evb‘?‘bc‘e%sthe

et.s n s f the table can still help.in
RS PuAPY 5 Thihs PRESBR Dt T ngRo  Bhetr® Bice
nmds du converted to the common
r CiJ'sca Eug h||§i|l%§%€§lg$§8ﬁe exi stence of an abnor nal
event " mgtrti, ph ei smdelchiepsi duas i€ an e tcerbil neéde Gshowing
summari ze | arge portions of the process operation.
prilirs ars dypfesdtsy adon&hbyppl ttdkinig prikdubad gegtthe same.
l'i kelihood of an abnormality anong nany nodel s,

Det ect i n§16ualitsy qwﬁﬂh?§ﬁ§lﬁe%§ﬂ?éﬁkﬁﬂ?tPPBBFeﬁﬁeT(ﬁﬁﬁﬂ

PrObl e Wftglé he l.‘lL‘?:lelst%f Surreementc r\?edezt_c%:tl%d b ace and
My SR g Ot or “E St At etraal fyTIsT TR Ent "UPF T erende

20 u@etp\ée%ermep%d&@d gyakhtyssmasurenment, Y, and the
estimated quality neasurenent, Yestimate This

di ffereneeri s bémxenuﬁmdbysesﬁdiﬁﬁ(bﬂwfﬁbdmabenﬂlmh reference
statistically normal range for this residual should be
icaleggl &petih¢ romh idwe ngt datat tedelfisariiphioh ehethregindfgirred

noderate process ups n the exanpl e of
RN ES GF otk PR gt | VA bt "o LS o Sl e conjunction

or.nal e b mts between whi ch 99. 9%
w1c;c?x ttﬁg af)g@g de%%b%d Qr%\p.gndyé 0

ata wo I's set of limts would
correspond to apprOX|nater 3.5 standard devi ati ons
away from zero, the nmean of this residual. These
limts can be tuned to provide greater or |ess
sensitivity.[0062] For a typical abnormal event
detection, AED, on-line inplenentation, a conposite
i keli hood of an abnornmality anong all analyses is
calcul ated fromthe individual |ikelihoods (See Figure
4). The normalized quality estimte residuals
(normalized by dividing residual by its standard
devi ation during normal operations) for all analyses
are inputs into a fuzzy petri net. A fuzzifier
converts each normalized residual into the |ikelihood
of an abnormality, where val ues between -0.5 SD and
0.5 SD are 100% normal and val ues either greater than
5.5 SD or less than -5.5 SD are 100% abnormal . Al
anaIyS|s problens are then sumari zed together by
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change in sone factor that truly affects the quality
val ue but was not included in the nodel or a change in

wd 206s/f@617€l ation structure or in the tine PCT/US2008/002769

dynami crel ati onshi p anong the,inputs and the output
due to a change in the process operating conditions.
Calibration drift can affect either / both the zero

DETK fEE DERART PT1éi L BIEU pREPBRRED GMBObIMEHS bP N
mﬂmﬁm

;§Y§E$?3pant change in the Raw Bias which persists or
whi ch cycl es above and bel ow the statistica

si gni fi caleggocusnassectsi mi ahleyptreseet gotviengiquakity evolve
anal ysi s neasurenent probl ens, one check for these

£ 597 B Ot 4 oriR% @%Feawduseﬁerlﬁww BhgsPrpiREred
I%cl)’ltc?l 146,90 L é?:eé‘f mal,ra s 14300 SLays outside thatrlor
range ror several ‘hours he cyclit chieck“cotin
dggggyyédogrghgggsthe Raw Bi as exceeds statlstlcal,
significance limts. The statistically normal range
for the RawoBifAsntarnoberzaliowkateoh faom whelst andadiebicted in
devi ati on during nornmal operations. A conmon
thlefdrawings by réeerensmengharanger Mbulod lbeetdhey | amiygper case
bet ween _which 99. 9% of the data would lie, This set of
letti%s MBGPdr%B??%gﬁbﬁ@ £g¢ abprb&ﬁﬁﬁ%@Fyogssrg?%hﬂﬁﬁﬂ

t ro Xp e
aSFF BRSNSl TS VO S RSP EE SRR
of®I&E QR s eiéméﬁﬁsslat i pMicty snEBO68} . @Rt he shaihadd Ceal
limts remain violated, the operator would be
péengtharatieddye hawehidre defshesnamt intrechBueifancse checkFiche. As
~analyzer with a calibration sanple and recalibrate the
1tankd ylzlérustffah@@esrsaﬁlﬁ D. sepé@%ﬁ o6 |1mcérlﬂaéezgl%§n| ays

Lot ERE Ger ot orHAIE RepBFerii Sl SBROr RUF Liasd appearing
o#aﬁl&%egrgekgft% st.ah(%n otfovgyﬁ%fi%hrgr %Yllcgezgggs and do not

supporting information needed operator to
asbagNese thBeastiamlddncelhi & pmﬁlm&ty o hpept@vdded
through a set of trends and contribution bar charts
28NHmB2, ankBi drerd .ad0Ei0}edr enth Izskowd 8t Re, 22, and 24,
information to informthe operator of the |ikelihood
refrertiyedye aBﬁd?%ﬁﬂa%ﬁﬁaPﬁt?e%QCLﬁQﬁtoﬁluFﬁl%hYSOf apertures

e tr an_excur si on (ofo
2GR PRSP RAE ar BiF TSty E8pbRal i pand
c&fr{@rl 'z%?i@g Qfl anI‘l'?JtCLirss'tgn W' lterlgt!"ech%oblegcghggge of open

corresponds to a 9096|kellhood of an excursion.
atdd ofexanpheitheoXxpdrsiuessdpesoOcie a8 pEedf ci ecﬂsrtaln
but not quite to the extent predicted. [0071] Trend 2
vahowsetlhé ivst Toathead tataly 2eea vaf vorsoifar &dpterakiety of
actual analyzer value. In addition to instilling

oRIHMIFet€e PhH Jc%regecfpe“rl&teor of nZ¢Me Q&JafloFf“yaBPt}[‘% percentage
gstimat | rend. | | yabl qul d the. actua
éfgggge ?f%%d‘?ﬁ§>%ogga 9 ﬁgégé toméngﬁ/??F éeplCted in
Fﬁ§t2‘ rr%%d fBﬂHﬁln& %Z)a]e %99@5&1@41 &B@ Sé%e%t%gelsf of open
the 'di fference between the estinated val ue and actual-
aved WeE lapestatestialatiwesitgnthé casttal Blreadoft @dpdttiecular
corresponds to a 60% i kelihood of an anal yzer probl em
Zeit1e the solid line corresponds to a 90% | i kel i hood
of an anal yzer problem [0073] Bar chart 4 shows which
measurenents are indicating the change in the analyzer
value fromits average val ue. These inputs are
arranged i n decreasing order of their contribution to
the estinmate of the change in the anal yzer val ue. The
contribution fromeach nodel input to the cal cul ated
anal yzer change is derived fromthis variation on
Equation 5. (g ~g ,j")=A* (i ~,N 111 )+ 2 * (X 2
1- X2J)jm)+ A* (. - J1J, ) Equation 13 So the
size of the solid bar associated with input X is:
Solld Bar SIZbJ,N = A *(Xj X/ Nflt) Equatlon 14 And

o s - Y a1 N T - .




need to deci de which of these operating nodes can be
conbi ned to reduce the total nunber of nodels needed

wolRoFRYAH 1 he operation. In addition there mayeg/us2008/002769
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equi pnent configuration nodes ¢ hat could affect the
qual ity neasure. [0077] Continuous industria
processes go through infrequent periodic turnarounds
for required mai npgggpce. During a turnaround, a site
may choose to upgiade their process equipnent for
debott| enecki ng or other reasons. This type of process
change can nmake any data from pre- tugng%(gggk AREA
operations usel ess for nodel devel opfreft=
gomesequently, the date of any significant mechanica
“change to the process, or mmjor chang ocess
control strategies nust be noted as féeiggé tine

hat data can be gat hered for nodel g %elopnent
1Identify Surrogat e Measurenents for Anal yses
Jp0078] This step involves selecting gggon-Iline

measurenent that can "substitute" for an offline
2gual ity nmeasurenment for the purposes3p$ cal cul ating
the time synchronization. Because | aboratory sanples
24re taken infrequently, we need to r&% on a sinmlar
on-line neasurenent that can be expected to change at
Wald 48ne tine as the | abor at ory measof Bnent . For
exanpl e the 95% boiling point is highly correl ated
with the final boiling point, FBP. The FBP inferentia
nmodel can edIL S rephSryRi£h aie should al
hi ghly co??gtated %gggﬁg g%%?%%ﬁk%hggp0|nt and SHS ould also
ti me synchroni zati on between these highly correl ated
beeasel enehtthandhehep®bobes lillgspoahedion dSurRedepoesent a
be the sane as the tine synchronization with the FBP.
[0079] When selecting a surrogate on-line neasurenent,

ST Ll sPPRpU &t th6 ABER wRR IeRe AUt T 4 GRPRE ZOne-

point for the on-line analyzer is physicallyclose to

NS ABRUAL - RATRLENROI Bhalld diGcdbar Loy ANdh¥SESshoun on
ese two ‘sanpl e points are | ocated further and

further apart, it will introduce greater and greater

FEGL A, bacidie thenmensynehzame Zat ithe. phttéhe duepisitedl in FIG.2.

separation is onIy a Iength of pipe, this can be

corrected by adding manual sanpling poin

TdoRASEL @ o B btehéeétht-% tFRats e @twgté)loe&rtures 26,28, 30,

subtracting from (manual sanpling point upstream of

e-au t [ iL.zat] :

raar P G RTE T AT SPERY U5 Bl g bRRuncate

i nterveni ng pipe divided by the normal process flow.

Wi@B80bndifiit It ,sEIGOyat € on-1ine nmeasurenment is al so

part of the |aboratory analysis, the tine shift due to

di fferent sanple | ocations can be cal cul ated by

conpar i ng? YN8 A€ AbaSuF@Mchtiny &h@eP¥®seHe invention for

| abor at ory measurenent value. 3. Coll ect Process Dat a

h%%%% J¢ & JTRih Qv't‘ %Otﬂ@At&e Uss% 8ft % %e‘%r atL0¥1ing, a

[ata to create t e i nferential her

avoi di ng the cost of designed experlnent tests of the

droeeebsam Wdribthet hekeXCiNaidtoBeokhbhe Pf CEsI ta@BE a form

desi gned experinents, the information needed to build

t he nodel cones from process upsets and operating

opoit AengRantfesnd 08PPI chm I ronsechadst? i Hirystrgees4@sby the

operate primarily at a limted nunber of steady state

oper ati ng poi nts. These steady periods of operation

contribute little information on the relationship

anong the process neasurenents. Consequently, |ong

stretches of operating data wll need to be collected

( e.g. 6 nonths - 2 years) in order to capture a

suf ficient nunber of process events to nodel these

measur enent rel ati onships. Process history systens

store nmany years of data often at a high resol ution,

T T "L D Y " I F A
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R(JL N- Y N, filtered Equation 16 Were YN, filtered

- lw Pass filtered value of YN Data Filter - Exclude
oW/ ldopiit  ROC N Upper Linmit [0089] The ter Bpof/udabosino27e9
Itered acts as an estimate of g he current average

operating point. Subtracting Y, fi ltered fromthe

current value YN converts this data series into a
SkabFopasdesels 8%, aRPGN . wWith an average val ue near

zero. Values of ROC N near zero represent steady

operations and have little information content. A

common choéciecd A0 mhg abse Lharifforamd wheh UpperllLid®i having a
woul d be: Low Limt = - Standard Deviation ROc Upper
T e R s S g
Figure 9 shows the effect of failing to elimnate the
pel 8@9&%&?%&'@@31 Ther ittt 09 4 né 84 et @)1 199d8k apertures
coul d show good estimating properties when the changes

are small, but poor estimating properties when changes
sare |large. 8. ldentify Normal Ranges for |nputs and

Qut puts [0091] These ranges are identified for the

pur pose of algorithm cally excluding data where a

measur enePtC may? e 45 AERF &t Rf (eérfbgdl%s%?dw fpgd 10C.
transmtter range) or where the process is operating

Bodih&@ bl i gLy ihR3% 1 OBGL AL HINLH 6 59 sghQWeT s
E#“PS%é‘f‘eﬁrgé gl;balonlgi cat ed %%%léﬁ t ower %el ta e o
pressure). This information will also be used in the
sgapssS eMdurvedet eethens cadrodd &4 amei alshesqrirdenén shape rather
system 9. Create Data Filters [0092] In addition to
the filters mentioned previously, additional data
thapt BRS Teaimige laF e AP 814 ol AUSMERPEar TSN oy (A §8OURt &5 corners
during tinmes of very unusual operations. 10. Eval uate:

Ro j |t [ [ ] i gnali Lo s4 of
HoPEeFI ST A R En Bl i L of BPRlp R Benkl 51,0

in the data, often caused by good process contro
rReepi Mgy tdlesdTRasehen®nta nedigliet SosehpOutitper@phyyah2 and lie
excessi ve amobunt of noise in the signal. Were it is

caused by a lack of signal strength, these neasures
onteipesthe efemadningf sphklpd@erteres ppf tznadata whekipheral
Snoothing Filters/ Spike Filters [0094] The nost

0 filters. e re spi filrer 1 d- .
PO B0 B oq 3 SRlr V8o shap R IR gy i
restrict a neasurenent change to a preset nmaxinmm
teBapBgpe AW d iditels. t hegaiatl,e tappbledal Oty her dpleatneed of the
to be reproduced in the on-line system so they need
to be physically realizable. The filter should be
pengsenlap FANESHivREl@hbrerdaRy in2sieeead® Whlthasatheal
Transfornms of Raw Data [0095] To inprove the fit of
SSREeaDeel Soc ArauRet, Sloaald; Kaoun L ansl LRl Lons. BECune
€ Ioye |ncgut|n 71 og hrags ormatTon of Conposi |op
anal yzers an ower overhead pressures, conversion o0
Zbheyspi&gitH SEme enb@Schd atries: mdRE PR YEALHY @%sHEemost zone
conpensation to tray tenperatures. 13. Build SISO

Dynam ¢ Model s [0096] To handle the tine dynamics in
ashdedaged alndyrigncanddelG et ween each candi date i nput
and the anal yzer value is devel oped. These are

si ngl e-i nput , si ngl.e- out nodel S| SO, an re
Cyprcal |y S E et O b BT BBkt Phe o gresent
Y(s) -TDs =@Fs) = x(s) WTau *s \ Equation 17 \Were
X(s) - Laplace transformof the input signal Y(s) -
Lapl ace transform of ‘the output signal Gs) - synbo
for the transfer function e -tD*s _Lapi ace transform
for a pure deadtine of TD Tau - tinme constant for a
first order ordinary differential equation s - Lapl ace
transform paranmeter [0097] It is neither necessary nor
desirable to develop a nulti-input singleoutput, M SO
dynam ¢ nodel . Because the inputs are usually

______ o I T | A A A~ 1 1 o 1 .



X - candidate input with filtered value subtracted a -
exponential filter constant (the sane value for and Y)

wol 2659417 The exponential filter constant shoulpgdThg2008/002769
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selected to be between 1-3 tipgs the dom nant tine
constant of the process which affects the quality.
This can be estimated fromthe SISO nodels built in

i9UeRt G AS rrio_%n%@@weoi ’Ehé:icgi{rl%tlgf 5 heo pald BY which serves
| respond with 64%to 95%of its final

nmeasur enent w |
response to a process change after 1 - 3 tine
asoassamt e rgspact fvewy. dGrraasionglt aneow diSt dntt® a space below
shorter than this will anplify the high frequency
noi se whi| e decreasing_the signal strength. Choosing
dif fgs EmAaitE L8RgePT thiht Ahideviee| 1 Ohpls i xegnto & place
frequency persistent disturbances. Filter constants in

- ' .congt apt. i mp e ' I
et A TR o el BB TEAT ke PR ey
[00101] Using the training dataset created in the
phoeydi oty of epertiolbe R6f28 .61, andmededf catredie 1RULht a laminar
usi ng standard nodel building tools and net hods. The
objective is to use the fewest nunber of inputs that
fder| PYFYRE ™ afGodti Af & emtiidantpdereatiteraidg t oIt is
Equati on 17 when sel ecting anong alternate correl ated
[ t ' e it qui wal en St i i,ng
g A e
Tau and TD wll give the inferential nodel an earlier
dabirbkéyt 10 predisekeadrabhomtrly exeursi buandnes 18,20,22, and
potentially better ability to control the process.
Exanpl e [00102] Figure 11 shows a pair of distillation
240l Unbl reffraneet ke FIFst ddl oww, PT-apgervesd ddsitghkel prior
to renove |light hydrocarbons such as et hane, nethane,
and hydr oge . kno s_ a .de-ethani zer t he. .
FRCAnEEaaroms iSO g daT g olan pBlhel futn o sligne
hydr ocarbons (primarily propane).[00103] There are:
sHe¥ el al n@hnidmbye¥agh Bat Radctieedsb0al® aket a6t edntrast,
Critical to the operation of tower T-201 is the
conposition of the distillate drawoff of T201, which
dig frees uk&d dfy FiRabyzkewA20 Lagndacofit ¢l died tpugson which
inferential controller "A-201 controller”. [00104] The
first step.n signipg.the inferenti esti.mators for
STeCRR eV g RN Bl B B Bl ARSI B2
events we will be detecting. In this case, the
de$ELBBE Ofch Wdy pirdedté fy Jyueiaeas yWel sk ey anadlheht flow or
operations, such as plugging of tKe anal yzer sanpl e
| oop or drifting in the analyzer calibration and wll
aprenkentattiavi toft leningr panp tRr2olehby predikt iadjuaning the size
excess of |ight hydrocarbon at the suction of punp

P-201. [0010 For detectin l'yzer problens, t
EnFRT P APl BESEUITES 28 Phn g adr Tone THeabecrgt of
practice from neasurenents of the tenperatures,
sRERSHUIE S G ibheWsn 0by Tai2seAnabyger iy Glea® tak Bvention
reveal ed by conbining the tinme trends of the "raw

bi as", the analyzer signal and the nodel estimate.
mpOORe6pb & iade in2 FEEoWwsard Fetint whdchrendsr asgociidfeders
with partial plugging of the sanple line to the

nalyzer._Jn this exanpl he plyg.devel gps arqund
Bate 5% 1 1 o6 AT et o Byt nE iAHI D rtiagps are
lines on the plots, but only m nor synptons (| ower
than normal variability of the analyzer signal, Figure
12B ) is apparent in the data. Wile it is industria
practice to validate anal yzer signals by requiring a

m ni mum change between sanpl e val ues, the | ow
variation shown in this exanple would |ikely not
trigger that type of validation check. [00107] Between
sanple time 500 and sanple tinme 800, the plugged
sanpl e reading and the actual conposition match quite

o o oy o o "



since the |ight hydrocarbons are already in T-20 1 and

the only way to get themout of the tower is through
de@@s/gﬁ@ﬁhead of the tower. [00113] Instead t R TAESHEN02769

of the inferential estimator ghould rely on the

nmeasurenents in T-101 to provide the additional |ead

time indicating excessive |ight hydrocarbons in the

foehdat Os a2 Qbr thAse b e 881 €5 1137 uptE tm%amaurf%ﬁnwrecuy

noves further upstream the accuracy of the

inferential estimator wll |ikely deteriorate, making

behkestls edwedt iddrf foberapulin neasureerentl¢ & sragesiseabbedf Hfusion

det ecting anal yzer problens as di scussed

earlier,Patent Citati onsGAS DI FFUSI ON DEVI CE

sxmdﬁi&oq#tﬁnEprﬂﬁ/%’RmmenFéoar eReftighvéndirgn flow

relates to a novel in useful gas diffusion device. Ar
pELUEUL AN 1N GLES e SPARKR: 1ot REEESSA Vi BdREibOtion is
occupy and use a building or structure. In certain
cases proper circulation is critical to many

5 daet tyi thesrasydihgas foples atpansrien fonmsd dal thackbekyures for a
in the manufacturing of micro chips, and the I|ike.
I nproving the ventilation in a space does not
PREEESSRY Ve OfafBTERCE nkl é“a’sllcﬁgpfﬁ%rw&é’reldf igpEppese from
t hrough t he enploynent of larger fans or bl owers,

t S ntro [ O

et} (45 P S PEEEE AR, TTLE Qind JRsTohBER age 14.
| am nar, unldlrectlonal fl ow of gas, such as air. Such
TAusl | ek | o r@a@dbhy ofl di st zres veheopt oekictisORvefided with the
vortices, which tend to inhibit the renoval
particulate matter and heat fromthe air in a
digénpiey.daviceri $0pegartl, thitayrearpt ditYeserod -have been
propose to direct air in a certain direction fromthe
out | et of ondui.t _deliverin acility. Far

10 il e T d Skre SoBAEHE hboifath A drkpEfeee
show a foamair filter coated by oil to inprove the
iakventidd elavEhdcast eet Stbesh O hasdeyiasle Ritked for the
States Patents 5,779,534 and 5, 968, 373 descri be
diffusers and filters that use nulti stage layers to
PHirseEeHIRTe Mpkdngnd peenkeiic tHecpassageobithsarinivenkape, it may
matter. United States Patents 5,275,729, 5,922,096,
and 6, 656 %’ hOM/a r ﬁkgters hat USE | eat ed cor es

BehaPPET T er Ccuf t% & FBnfted S ar e pRY&NTRANIeS

6 089, 598, and European pat ent appl i cati on EPO 844147
rd@SBE | Read Ul isplc hayei1 abitHdultt @ep&atidd daR%m WRECBpirit and
are enployed to inflate devices. United States Patents
6, 425,821 teach a fluid diffuser in which air is

15 pﬁédbi@b@%dﬂaﬁm@ripassti@pthrough an initial diffuser
by the use of angled fluids supplies or vanes
deflecting air at the exit of the diffuser. United
States Patents 5,725,427 and 6, 059, 655 show air
di ffuser inserts which enpl oy woven fabric or sheets.
United States Patent 6,139,426 utilizes a nol ded
plastic air diffusing screen which mnimzes noi se and
i ncl udes openings of uniformsize. United States
Patents 5,192,348 and 6, 942, 563 descri be air guides
and di ffuser panels which are perforated throughout
Perforations are varied in angles and size at various
surfaces of the diffusers. A gas diffusion device
whi ch distributes incomng air to a facility in an
efficient. manner with a | amnar or tubulent flow
pattern woul d be a notable advance in the field of
ventilation technol ogy. BRIEF SUMWVARY OF THE | NVENTI ON
The present invention relates to a novel and useful
gas diffusion device. The device of the present
invention utilizes a source of gas or air which exits
a conduit and enters a particular space which is to be
ventllated The deV|ce of the present |nvent|on

I 1 N o I T . ' I N L
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air to flow fromthe conduit through the diffusion

device of the present invention. It maybe al so
woR/A@eped that the peripheral edge of the fl glicrsi6ds/002769

maybe formed into a polygon sygh a square, rectangle,

triangle, pentagon, and the like. In addition, the

peri pheral edge of the flat sheet maybe at | east

wihart rgl énipveg. | n certain cases, the periphera

edge nay be circular. In nmany cases, the successive

zones enahat i gy dasomnifiies temtdsviafe tkedfiatcahesictiiay with a

take a surrounding or encircling formation. That is to

paayiceher tHiawd ofohke ngds sutirtdiddat fendeilon (FOZ‘@ﬁeSM‘B c h

surrounds t first zone, | sp be inclu
i the CrRebiAt 1hobht | Bd of Vi Ao BT LhE S rabEe el edge
ura{lél?e fJL%tfa%Qegflererhv?l llln %Xdagl§ﬁf<ﬂg§%§1§:ﬁﬁdlng a first

openings to rect alr through t

z@th Hgmgg d8Yiag8a0hnd h@eﬂrge&e%rumyepéémddedarbaagwé/ to
|ateral direction at a predeterm ned di stance fromthe
seedl pagigferalr edget oapd ev erdcandt epherleamcimaniahhaseadryaid
equi pnent. It may be apparent that a novel and useful
S@é@“@l?@U%ﬂdﬁnaeéﬁéee%%§“ﬁéeﬁlﬁéFeFﬁ@%dV§i@@éérPBéHPheral

|s therefore an object of the present invention to
8 Vi de a gas di ffusion device which allows the
passage O s € | & e
Bnd ier & s QMRS atele SR JRIA Rt sheet
altN¥endi Hir 15 ZloPePbOVESRd a0 cdi, f Fusd ofi thavipt@ruhi ef of
distributes incomng air froma conduit into a space
apprautas qrarstiftowinanmefirA foerchetagbj ettopsh thea relative
present invention is to provide a gas diffusion device
tRhitf eFed b rdd BiFst n%%‘ea space from agas conduit
and nlnlnlzes thepﬁ vaortices, and her.

f t
di sr upt ive A rond 8?%51 X(ecfp & c')atrﬁelfe%bjt}ér q\‘ sald flat sheet

aRr 6568t sd URNLIAR L éé&&"éﬁﬂﬂ@%e 9§§dC§JJdHH QﬂuQQYiGF of

which may be retrofitted into existing air

agestubbsitdOrstiyatens a nsdubrddlipegseAtalgPraiopen| apesarelative

flow distribution over a wide area within such

t\bachewyea Afotshed abferd zsina,heapdefentt inprernicogei gf open
provi de a gas diffusion device which does not

rﬁE‘I B%Pen%u]\ﬁsﬁg tBaFt SAHHPILEaSFFGEREFIT &t (Peg, area; and
cl eaged apq, tf%&”ﬁgldfh%“sfa e 190) S@ée?faéjll%e t the
present i nven |on i's to provide agas US176n “device
whhgheefficiently controls partlculate matter and

heating effects and permts the use of fewer diffusion

devi ces than tie pleivaceast.chuiot Newhabheeddifidridly includes
present invention is to provide a gas diffusion device
amﬁhéﬁdeEHUéé%Sal§a§u€ﬁ4¢QEn%§4ddébFé@ %ﬂﬂﬁﬂ¥aﬁﬁéeue@sa%?a and

d dI fl b t fl
IR T Db S6a0s BEe B er b ect S-SR PO Adegage, and 2

?‘SLESC#?‘LI!%er o?@ mﬁ?%ﬁ&wﬂﬁf t hgr%gh shay agf ar 's%Teb‘ES @‘ngald

eature t nme apparent as
thpeqi o4t isen dcent raussuxr BRItk o @Esg&ﬂﬂ&\la@l:s&l& third zone
SEVERAL VIEWS OF THE DRAWNG FIG 1 is a side
cehevatwoirgd avitbwrd hpewcenttdye dévppenofréhefprbseatea of said
invention in place and an inlet conduit, shown
tharei aprsy. g SECP%daP%ﬁﬁ%QEﬁgﬁlaﬁ PYW Tt Beipgyiees than
degl ted [ n rléle tCi 3en| sareabottom pl an vi ew of the
e pregen? enti'on’i n anot her embodi ment .
FIG. 4 |s a botton1p|an view of the device of the
present invention in yet another enbodinent. FIG 5 is
a schematic side elevational view of the distribution
characteristics of prior art diffusers. FIG 6 is a
schematic side elevational view of the diffusion
device of the present invention showing its air
di stribution characteristics. FIG 7 is a schematic
side el evational view show ng prior art diffusers and
the patterns produced by the sane. FIG 8 is a
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it isillustrated in FIG 2 , surface 16 includes

zones 18, 20, 22, and 24. It should be realized, that
wol2d6s/ldofes appearing on FIG 2 are for the sak@1afs2008/002769

visual i zi ng such zones and do;got appear on the actua

device. A plurality of apertures 28, 30, 32, and 34

are associated wth zones 18, 20, 22, and 24,

respectively. d4ie MRV 18LSQr eI S8 whhah R4S @& ddM 19f comprises

apertures 26,28,30, and 32 increase in size between

acegpukah zZate df8sand sorfwde,zeres 24urihatories Ha@iggyan area

that the percentage of open area of plurality of

aapelyinesodBiash zehe UBL1d zghegandr salt Ratipherelaefige, and a

to the total area of zone 18 . A Elurali . of openi ngs

EoRrtpf P HuFyehtYs 0FeaPBF “Wisife B OPEPnPatibtHat séreEnthgeaid
f%&rggfzg%r%l ﬁsaaﬁ{dgfggkyﬁté]gu%a%qﬁ g'f L\P%%{\greesrmc%ws@gﬁting a

epi'c W ng represents
fo¥iPt fabe PEIRENRYA8ES o fEn 0PN, ¥re@nef aAPerdtires o ebatiNezone,
to the total area of a particular zone : TABLE | % OF
sGRPENt AREA peQNE n®r gAPERTIRAS sk8 tB4%0 201 @86 XA h3dUr2dntage.
50% Wal | 48 50% Such percentages al so appear on FIG 2
It shoutd alBhe isevieal pEedlaimt3 tihevwhpeht srd flat sheet

illustrated on FIG .2 represent a small, tion of the
PECEHAPT A cildt GSTBFLESE 1A A VO0n AR OHES HIgfhapne Ties at
lg?régsiteé{egg%estpg%egagg%éllyzg%%, such as those shown on

, occupy the entire Zone in the pattern

depicted $n Flfpe Yeviktk shosigiralisanbaniernl izl drkat
plurality of apertures 26, 28,30, and 32 extend
peafphetel yeddw deghtshestt Partiaddgdecutwvedommuni cat e
with conduit 34, FIGI,. A nmount 36 is also found in
the preseht i MEntdedAceoPt holdithg dif FhsFBns ey iseeondazone at

a structure such a Qe'lﬂng a cross-beam and

gt

t
1ERS 1 PREC - WDUn 236 O8RGt fales a formof
flanges 3’8. andI‘h%o d‘@'lgg 8 ec%é)igﬂg%c%g)dwkgcﬁtéyf& Ll:rhlqsf‘ézzone' at

by theuse of fasteners 44 an vice 10 may a

1bast opaeeh v ityh sarwshhd4&diavisegoadpkenal ity of

apertures 50 therethrough. Thus, air flow nay al so be

direct ed dut welftd yetvhceugh eedim 48 iwvi ahptirsdid yshefet further
apertures 50.. FIG 3 and 4 represent enbodinents 10B
CRRBTiIERS EMddi AERENIEH i HUWFFEL YalpeRi et Aurdage. said wall
sWh 1(ig.rils square.in _shape.. Howeyer _ﬁgr ners zones 54
Rr&Ugtad Rigtisre W n s hpd Fisth & S RaR T A& 1 i angul ar

for mat i ong of ef@@e%eé é@%ﬂh@r\’\ﬂ %iEHrQ&ﬁf't%aqfl includes
FIG 2 . Plurality of openings 56 occupying zones 54
aOthEL& zénamyf alasa sxt ek ,asaddsichgle z@we absuihg an area and
peri phery 52 and lie outside the remaining smaller

lapegt beeseqyt sadde ssgonPerdnshandl seddersUife rddbedoaenand a
10C.is. curved and, nore specificall i nt he shape of

. peci f : a.

EBi el BTy Y, AfhaPRF U t%}‘ré?f’gﬁpég’c%r%]satofs}’teﬁ at said
[ r Zz I d. i.ncr.ease i ' S [l .a

e e S S P ST 008 Brdt e o R ot za zone
Bh8ai Sht il ZAPE raPHOBEEDIJRO offf BpLh herd NG tMRSLrZONEE said
to the outer nost zone as depicted in FIG 3 and FIG
thirdl powpersatidonecdnd f pestcamteeel o€ df¥n ofrddhdeing less than
presentinvention is nounted to the outlet of a conduit
sgAdypi EFA SRETFESLageaCS R 3F34Air flow, directiona
arrow 62, intq,a space below diffusion deyice 1CA :
Di f f usi on' EVSQEB s ?%x Jﬁbzawéﬁggea %}E&%ﬂﬁlly comprises
conduit 34 by nount 36. Air then passes through
plurality of aperture 26,28,30, and 32 of sheet 12 in
a lamnar flow pattern and at a significant spreading
angle. It is believed that flow distribution from
device 10 is generated by differential pressure drops
anong the various zones 18, 20,22, and 24. Wth
reference to FIG 5, it may be observed that the
prior art diffuser 64 distributes air in a |amnar
manner with a slight spread indicated by angul ar

e ~ o~ - T T I - N A P~ N o 1~ ~
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i nvention have been set forth in considerabl e detai

for the purposes of nmaking a conpl ete discl osure of
wdesigyention, it may be apparent to those ofpcgigidabosiod2reo

the art that nunerous changes;pay be made in such

detail w thout departing fromthe spirit and

principles of the invention. WHAT IS CLAIMED IS 1 . A

adgsudihfusiondevigesyseskd N cah) ¥86EERMNMd ha¥ing an area

particular flow of the gas exiting a conduit,

acdnpyisg nggtweeen aafllathsheetignesand $4ad sheigthelravi sdga, and a

peri pheral edge defining a surface there with in said

fourthcelwrrliddi #f arerisrey dhaonali pldnt ateghard at said

bei ng i nwardly positioned relative to said peripheral
80501 BTRE & ek ORET5BrBL KR 1Y 8F APRECUASR FoPEeRating 2
| yi t j | .Stz sad ri I
R A R T o She Pliract A ROUEH] zone
shliat tehe@tpAcestiagefl bé shg 2008 @hasakdi $UFdaa®, peakdntage.
first plurality of apertures constituting a first
per cent agel of Dpenrleariea pél ataire 3 dnt hbiahesainf Slatd sheet
first zone; ¢ . a second plurality of apertures ,
PERABRERR S /AP ICRIPEHERE APFFIINsBRBNP D WTthsgrge lies at

, id d pl [it f t
l%g%gﬁggu?ﬁ%%"ﬁiggggﬁagﬁgé%%$ﬁ gg o?pggeﬁrgfea rel ative

to the arep ofpdiql,5eeopd 2oty 1s3hduhiLsts PEI GaAge
of open area being less than said second percentage of
pRRePhaf &R edd i@ atale®stpdrariahol deagvsai d flat sheet
adj acent the conduit. 2 . The device of claim1l which
addi tional3y iTied ydedca thicthizore iof wbacd sand asgond zone at
said third zone having an area and |ying between said
1§éé§nﬁa%%ﬁﬁjéh&u§éPHn%%r$$M%F%Fséd6%?eand athird
plurality, of ertures through said flat sheet at .said
third zon%?'sgﬁHBF%W%SepP%r%.?¥@ oﬁnagg%?%r%%“%?jgﬁidzone at
1685 € dp 2o 0QNSLILHLARY & fdidedoREr £6#4 age of open
area of the area of said third zone, said second
percent age of open area being less than said third
per cent age of open area;3 . The device of claim?2
whi ch additionally conprises a fourth zone of said
surface, said fourth zone having an area and |ying
between said third zone and said peripheral edge, and
a fourth plurality of apertures through said flat
sheet at said fourth zone said fourth plurality of
apertures constituting a fourth percentage of open
area of the area of said fourth zone, said third
percentage being |l ess than said fourth percentage. 4 .
. The device of claim3 in which said flat sheet
peri pheral edge conprises a polygon and said fourth
zone lies at |least at a corner of said polygon. 5 .
The device of claim1 in which said sheet periphera
edge is at least partially curved. 6 . The device of
claiml in which said second zone at |east partially
surrounds said first .zone. 7 . The device of claim?2
in which said third zone at |east partially surrounds
sai d second zone. 8 . The device of claim1 in which
sai d sheet further conprises a wall extending
outwardly from said surface, said wall including
plurality of openings there-through. 9 . The device of
claim1 which additionally includes a third zone of
said surface, said third zone having an area and |ying
bet ween sai d second zone and said peripheral edge, and
athird plurality of apertures through said flat sheet
at said third zone, said third plurality of apertures
at said third zone constituting a third percentage of
open area of the area of said third zone,' said second
per cent age of open area being less than said third
per cent age of open area; 10. The device of claim?2
whi ch additionally conprisesa fourth zone of said
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