APPLI CATI ON OF ABNORVAL EVENT DETECTI ON TECHNOLOGY TO
DELAYED COKI NG UNI T BACKGROUND OF THE | NVENTI ON [ 0001]
wab@7peeasent i nvention relates to the operati oPCDUSH07/009812

Del ayed Coking Unit (DCU) conprising of feed heaters,

mai n fractionator, wet gas conpressor, and downstream

i ght ends processing towers referred to as the Gas
Plant. In particular, the present invention relates to
determ ni ng when the process is deviating from normal

operation and | T §f gt i cation.
[ 0002] Del ayea‘%%gdlgségﬂﬁgﬁ sevg?(l){sl;ﬁ t her mal
cracki ng process used in petroleumrefineries. The
process unit, DCU, t L PR9ses the "bottont
of the crude barrel, jically the bottom
[000%] I €215 Tok préentinvesiditrel aesintzenarnl tora tradaefor loading chips into,
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for eypmplep picagier B8Nt has, gas oils and petrol eum coke. The
overall reaction is endothermc with the furnace
suppl ying the necessarg heat fﬁg Xaporization and
cracking. The ol efins i he petrochenica
[00a2F9USt "ty aNEROEPaftis dtiRledion RiAtobdiug :paeiehting miniature
ends. s Ols are sent to ofher retlner% Hnlhg 1O e abulk
compendmys favadditionakrracessing, rughiastiae applisatipr of plderpfle paste, abu
WGl hitl drY pEREP A Wb RoMAB IV NG detd UTHeSeeder
qum§$§§ﬁpurlﬁﬁ€§§:|s ca gﬁ%edp(rpast%d to dry, .w t hout
contairistai segps afightes echlis and pperiigsimender ta @entegsingle gadia] stream on
| ndustrigs. co QoRB4a A RRAin3Ssihg1ellaye®! The radial stream
comﬁgg?rﬁf'ejggf SOIBPEE)%&I gsg%e% gg(r)nl%gr ePec( Ticht %! [%003] ,
of chingbhent2® tednsfisred to pineat vibGotyadeyige. thgyrengertyiicgadial stream
. fired heaters with horizontal. . USEShd Siddi&ion. From
inte 5 lipegaL stregm Pgﬁ%‘ﬂp?‘he@?W 1fgerr§%km%g§ g?rerp%rdgit%ur es. of 98%1 0
thisldevidé 1the FinkASfrebm Fm}Onentdiis Hirsdied to 7 seitifgnwhed] hgring 2
in the furnace tuybes, cokiqg éﬁ@énation of Petrol eum
plureliRegt GomMRIRENt EERFVIRG SIOH 47 1 BOURAS Yy ed” until it
[oo(ij:ﬂac h ez Bub & gR ﬁg@mr@_ig@mfe heﬂspsbﬁéntt,haclhémglere skl differences
t her nodynami ¢ condi tions of the drum are .wel | -sui
betwesmn es AR AR 96 o8 Py BRAlirE S GRS hegtors
%eéxie 8019 ROTABS Mt ODEhatempbnents O bt properly oriented,
alo apo??e é?atu;ga%f 825F (441 0C) and a pressur 05 }? ding is
subpsjugn{ HrOSesRiFAFIePs AGD {3ke H‘%@CP%V'&ER@P“?%E‘E@%%% e%’ee otloading1
nE]SjCH’&S’l HBRO SrhcsfeSPatdd 184er theluniChricefat edchvdvnhgonent.
dy%% e aciﬁ%ﬂ%até% fn_t e drum The fractionator
Balaeging aped andaceyrdenisdhuoimpariantr e recei ved fromthe
coke druminto various fractions. The overhead product

of the fractionator is sent through wet
conpressors t cBRIE ARRY o further

‘ i ENd;
arate e light pixt ; I ldSand orient

0B Teq mEerryne oElftttefns upEion P 2hp0y RdSnd or
mirlhtues feedlihear an tetepkial dorponevits s haethdy arasacgessiblg gbout their ends.

operated in a staggered f i.on . I,y nt
g
corfipéneRl it subddiRestalt@orhatet peodessds et dequire each gempleaent to be

cut _an renov?d wi t.h hi ghpressure water to a pit
mapipulatediabRut #f 9 ke drums. A bridge crane is used
[odolgﬁ tr agsf@ﬁ %&Bbﬁﬁeﬁom ﬁﬁanﬁrﬁiohgar?vinm!owe exis ammmentloader. A

allowed to drain fromt C efore it is_crushe
rotaiable Inadiplateh s En T REFRTERH © g Ay yppes RLrfage:, tslﬁ’éaﬂ‘pper surface

drumis cleaned and readi ed for the next cycle. The

furnaces are brought offline about once every 3 nonths

to cl ean coke deposits forned over tine in the tubes

t hrough a process known as "decoking". In sone

refineries the furnaces are cl eaned online through a

process known as steam spalling. The del ayed coking

unit is thus capable of turndown to a nom nal 50% of

capacity which represents operation with one furnace

and pair of drums out of service. The conplete
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DCU or (b) nmultiple alarns could flood the operator,
confusing them and thus hindering rather than aiding
w0 poorasqgaense. [0052] In the preferred enbodi meEPCT/USIDE7/009812

present invention divides the DCU operation into the
followi ng overall nonitors: 1. Overall Furnaces
Qperation 2. Overall Gas Plant Qperation and the
foll owi ng special concern nonitors 3. Health of PID
Controllers 4. Operations Consistency 5. Valve Fl ow
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abnormal ity reaches 0.6, the problemindicator turns

yel l ow (warni ng) and when the probability reaches 0.9

the indicator turns red (aler2). [0058] This invention

conpri ses of Principal Conponent Analysis (PCA) nodels

to cover the areas of Furnaces (Heaters) and Gas

Pl ant. Each Furnace has its own PCA. The process units

in the gas plant can be conbined to build a single PCA

nodel or the mgjor gas plant colunmms can be separated

to bUI I d rrultl pl e PCA rmdels (e g. absorber,
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underlyi ng sources of process variation. As an
exanple, the first principal conponent often
wo epresamt s the effect of feed rate changes siPCEUS190%009812
is usually the largest single source of process
changes. [0071] The application is based on a
Princi pal Conponent Analysis, PCA of the process,
whi ch creates an enpirical nodel of "nornmal
operations”. The process of building PCA nodels is
a respE& Vel dhithak A rigétidegier rotadons ebduit ale lobDgais phn gnrREavall is
dels for AED' iIn epdi x.1. The..follow n i ] L.
mougeddn §§nt@ﬁfewgtbéei“£PeA£§'ﬁ§’Pa 8f§'ﬁip W?ll{yh%ét gr&?‘é&n‘\’éﬁc}é %‘QS ppposed to
the drpePBRloePEAFIRIAITE IBAGALAINE al8d iabneedrbdtedveof the outer wall and
tection application for a DCU DCU PCA Mdel
alonpahetatasinnat axig@f the ferd Pl i cati on has PCA nodel s
verin I Rinéedy, amdbthdrdhtventivd Seatures,
s LI

wers ( [ This all ows extensive coverage
are defsctibeal ipveorgl detadlbeloper ati on and early alerts. [0073]

The PCA nodel devel opnent conprises of the follaw ng

steps: 1) Input Data and Qperating Range Sel ection 2)
Hi storical d&kd SER ! AEDRANINGS 3) Data

sinine 24 %255 .

d Procgss . Anal ysi L it £&2bhiPAnPhe drawings
[Ooﬁjdel Tg@% %ﬁcgﬁ%&rﬁ%{%ng g&‘ ésl\%%é{ﬂegglﬁl oynent [ oo%f %1 e1 s
wheg€inaikareferénte inphesals nefet todikei parts throu eyt PBASTHSTR [Vae Vi and

described in the subsection |I "Conceptual PCA Mde

WhergiBi gn" under section "Devel opi ng PCA Mbdel s for AED'
[Ooi(¥]f Appenﬂig&reéll hﬁaxeillatserpﬁva; pagial planeviewof plne't leader in accordance
effort in node evel opnment.. Since,.PCA e
withygrgegbedigient @%Lathf Hﬂﬁ‘?fl“?’c’?’e‘éth?f ‘&JSE?‘%‘PP_\}O ngie'%%ib%.ﬁhg
[00At @ I ePERSRN Bligan efilaBledOpatial plansiewsofi@saction e itlzd loader
The basi c devel opnent strat .§ to start with a very
illugteatips thepesitioning of the @HB%’@S’E‘% 8@“% lﬂ?)‘fe&/e that nodel's
[ooiiolﬂg' i t YFighl 3 id £6idkeRvabSR VW Palyir dresmueibn, of the loader
o ares to_ the actual process qﬁgréflogépsgg . th
accomling ti Fignb in hesitipriagaipy dkecasrier brlsior 4B the hips fom the
st eps [ . .i bed next. Input Data and
S‘°‘w§?ﬁ@%§e’%2€i%?§§§f’on [0075] As the Iist of tags
[0013] t he PEfZuredds agavishrrss-sentionalgade viewsehg glofpqoprding to one
onprehensi ' . al LRibke concerned
embRERER Giibe ek Boclind o tetfesORneions "o
[oOva] i abl eFigure diis biotber partishdpewscerdonal view apthe stpascerding to Fig.
Operati ng Range Sel ecti on” under the section
» "Devel opi ng PCA Models for AED' in Appendix 1. Any
[OOTSRS U eMPidusre t5iat paetia ckosewectionabeewnfatneatyamplg of an inner wall
exhibit errat.ic behaviar shoul.d be renoved fromthe
confgpanon e RHAN I MEISATRRANE o ghae OpHER i < performed
[001%] Ng an Fi%lﬁ’é&iiis\aq)aﬁﬂidl&eﬁaxsectmmﬂeww ahpihier ekar@gla of the inner
nodel. is .0 taiqed. Hhit ri.cal Entgﬂfgll ctiogn and
wapcenfiggateR im F RERTS| MEAFYCL NGO oSl of
[od®| Mal  ongEEki RS pREAlId&Ss-sactidral slengidinviewself orefpossible means
normal operations. This data set shoul d: %pan.thﬁl iz 1A
forrroeviag thspetrin fiowy sk g thedap SR cpkpat fg 14
data [0077] Because it is very rare to have a conplete
record of the abnormal event history at a site,
hi storical data can only be used as a starting point
for creating the training data set. Qperating records
such as Operator |ogs, OperatorChange Journals, Al arm
Journal s, Instrument Mintenance records provide a
partial record of the abnormal process history. The
process of data collection is3el aborated upon in
subsection Il "Hi storical Data collection” under the
section "Devel opi ng PCA Mddels for AED' in Appendix I.
[0078] In the case of the DCU, the historical data
spanned 1.5 years of operation to cover both summer
and wi nter periods. Wth one-m nute averaged data, the
nunber of tinme stanped values turns out to be around
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could result undesirable fractionation in the col um.

[00100] Cat Slurry Gl (CSO and Steam Fl ow Monitor
worenwrtiorigl t he sum of the CSO and vel ocity st eaP@T/U82487/009812

If there is no flowin this line, then it is possible

to plug the line. This wll result in inproper

pl uggi ng of the drum at the beginning of the coking

cycle, which in turn can affect the type of coke

produced and the cutting of coke. [00101] The
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val ve has been opened or closed. This nodification to
16.the fl ow estimator signifi cantly inproved the

bust ne P GuhdfRY ©FRlhRhir® Bompbhenis 24, (ﬁn:lhnp’sels placed in load
IDOﬁ@&ectloﬁﬁgpggﬁltwk1 [ 00102] ?ﬁbaddltlon h ﬁ but chips of
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oth%r sﬁ% oS, Su{aiﬂ i ttjgeg:ﬂﬁ ﬁ%r %‘bsélﬂletzﬁ Q018 8Néhip$24 have a long axis in

ve |'S troll abl e Tange usin

conviirisen evithemyaru@inifg gxﬁS@f?yhlIs?fmev’ iBoteRPech &0 E‘b‘ﬁﬁg‘i‘] ghfwen in Fig.
f C C ar two
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[00RDE Uni t Toad platd/éwhichctn be atvarlet’S'I ofsifiengis preferably gjeraar with

poi nts for naqtificat det
an §¥tat peialial caas PYe FeSPIAT L€ i ToRP LS = bhOe fifunicd ona
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node % fl ow val ve posit del s),. the trnﬁggﬁazﬂ
emp@dlme@t amu ¥l Fs Xaf AR ANEIEC] IHF'P@ Opyes giseussed |

rom

belwe BSaRER sli'laﬁ%\d @fcb%n%n&lnesdppdahd b s;eai:uﬂgs (nBoshowmg housed in

irst several nont hs of operatl on,

thei bagé 28 ahd hrne.at eoniealied ipeedyiby 2 AT 35@? é?%}rsh?gn?sﬁ%'fﬂéwn
thgg the trigger points were appropriate and nodified
necessary. Section "Depl oyi PCA Mdel s ggg nB lat
[0®2Fi neer |1ngadwmen|tgommrpﬁx&mleralrﬁd/g$ ninad platgdodias paypper plate
PHIE, Modﬂﬂ%rshown
Sur&%cretadg SUE“? er agn%tg gﬁ%%i‘ﬁz g%g%v%%\% Pt owri%jult zl;ll{gnost i cs
coul d provide the operator wth redundant
notification. Mddel suppression was applied to the
valve / flow diagnostics to pAevide the operator with
a single alert to a problemwi th a valve/flow pair.
For instance, unless the sum of pass flows do not
match with the total flow neasurenent into a heater
within a prespecified tolerance, the pass flow val ves
will not be activated. C. AED Additional Tools [00105]
In order to faC|I|tate snDoth dally AED operatlon
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that are based on known engi neering rel ationshi ps that
must be true during normal operations. These can be as
waewphatias checki ng physical ly redundant measuPEnES1087/009812

or as conplex as material and engi neering bal ances.

[00122] The sinplest formof redundancy checks are

sinple 2x2 checks, e.g. tenperature 1 = tenperature 2

fl ow 1= val ve characteristic curve 1 (valve 1position)

material flowinto process unit 1 = material flow out
only@h oRE@GaASIaHPbitich J0&RBhingskae22isllgrplartas. The remainder of

operator as sinple x-y plots,. such as the val f
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cle.n s(u%ams%? Ow i nto process unit 2 [00125]
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ensa I ng tor upstr eam / downstream
26 of 1084 plate maﬁgeslots 22 ateisiwedttp oeceie 4 singlg laesof chips 3¢ dn end-to-

en %dl / eCt | ngi g‘é%cerig é{ll%r%\/&g?l?ﬁe?gn e ﬂﬁéﬁhﬂﬁg éﬁ@ﬁi%t 22 can hold

engi néering redundancy
up lemEéeSc}ﬂ;ssez@orrbl ned using fuzzy Petri nets to provide

the proces rator t ¢
ook 220" G RO s Po P BB LRI et s e
antiil&i§fortid:s 34 0f1dadl plétEllgLund eéttend [a821128htolthE simfhes of outer annular
statlstlcal i_ndi ces cr atedfr P
oA e TS CLOTE PG FUTARE H LS bt P 2 e
préFér%@ftrdHW ﬁl@ékﬁfﬁﬁgﬁ%ﬁﬁ&ﬁ &e&ﬁitd:kﬁé‘? raiftl’;&n;ed:rrdvh sider®ofsash chip 24.
oper at or” handl es e nsitivity o e
Slofs 22 gfefgqgg/rléxaluﬁp é%ﬂlt%l}dz s aéﬁ)éner F‘H& hd 95 tt& 8@%11 the loading

prdcdBY. AN eHis R BIdEREAD) thret 18€énd IKjirﬁSfporzWBs &b0 legt;ee curved radial
contain the contribution to the SPE |r}dex f

benchatithe leadinghedesi® with respedtite tha OLRIOH t'a%k"agﬁ’l%tﬁSG while the
conpl ete process area covered by the PCA nodel. Each
statistical index fromthe PCA nodels is fed into a
fuzzy Petri net to convert the index into a zero to
one scal e, which continuously indicates the range from
normal operation (value of zefo) to abnormal operation
(val ue of one). [00129] Each redundancy check is also
converted to a continuous normal - abnormal indication
using fuzzy nets. There are two different indices used
for these nodels to indicate abnornmality; deviation
fromthe nodel and devi ation outside the operating
range (shomn on Flgure 3). These deV|at|ons are

o g N a o "

o o Y 4 "



val ves) on these units Sel ect key neasurenents used by
the consol e operator to nonitor the process (e.qg.
W0 bh@sae24aii ch appear on his operating schemati cBOT/US2007/009812

Sel ect any neasurenents used by the contact engineer
to nmeasure the performance of the process Sel ect any
upstream neasurenent of feed rate, feed tenperature or
feed quality Select neasurenents of downstream
condi tions which affect the process operating area,
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slotsi@Swals, Wedding E&fe WhIE 46 %o traitingaldgt walle48. t Trailng ez ovadl 48 is

are: Yn= P * ¥Yn I+(1- * 0 tial filter
prefiagily PGenERUATDRS M prEedge . K 42 FiapsiPt B4 preforebly have
chafit el l?{&d-ﬁpec@%g.a%_gﬁs,zlewﬁé 8dgeYWall A6 peeferabiy irfclides petiamfered
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val ue . the previous filtered value Xn t.he gurren
edgeawriien 5@ swch et @ fidsrS2ds fqrmefléaﬂ‘@%fﬁéfa‘ﬁwg ?gfg? 40k stot 22 and
trar?'s@ﬁ%{lc?t %4'. gklt%ué}nﬁe RRASHr &I &I pbitidh180 i3 sHotn éxtérRling from the
const an :

residual signal” i's created b .
leadinitedge tatlph6 avel kepding edee 40 aronnd £o g r@ﬁfeW?‘i\RF*é’feg’H dfading edge
= Xn - Yn Equation 3. The signal to noise ratio is the
rati o of the standard deviation of the filtered signa
di vi ded by the standard devi ation of the residua
signal s/ N=s g/ s REquation 4 [00150] It is
preferable to have all inputséexhibit a S/IN which is
greater than a predeterm ned mnimum such as 4. Those
inputs with S/N less than this m ni num need indi vi dual
exam nation to determ ne whet her they should be
i ncluded in the nodel [00151] The data set used to
cal cul ate the S/ N shoul d exclude any | ong periods of

st eady-state operation since that will cause the
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(for exanple greater than .95 correlation coefficient)
wth the PV of the Utimate Primary, for exanple
w0 edanzlamt t her nocoupl es | ocated near a tenperBCTD§2007/009812
measurenent used as a PV for an Utimate Prinmary.
These redundant neasurements should be treated in the
i dentical manner that is chosen for the PV of the
Utinmate Primary. [00169] Cascade structures can have
set point limts on each secondary and can have out put
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be i ncluded. The sign the field valve fro
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forl cg'%}xz?ﬁl]on df tRe ch‘i?ﬁ%n Bl it 86 @eé\ﬂ/sdc‘h tRatth@ BAlp 2doneed$ toehaligate
ve position en it shoul'd be included in the
angtheedbstagle.Redundant Measurenents [00174] The process
control system databases can have a significant
redundancy anong the candidate inputs into the PCA
nodel . One type of redundancy is "physica
redundancy”, where there are nmultiple sensors (such as
t hernocoupl es) located in clcefe physical proximty to
each other within the process equi pnment. The ot her
type of redundancy is "cal cul ational redundancy"”,
where raw sensors are mathematically conbined into new
vari ables (e.g. pressure conpensated tenperatures or
mass flows cal cul ated fromvolunetric flow
neasurenents) [00175] As a general ruIe both the raw
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[00197] While exam ning the data, those tine periods

where neasurenents are briefly indicating "Bad Val ue"
w@eooanstilr i ef |y pegged to their transmtter hiBET/082000009812

limts should al so be excluded. [00198] Once these

excl usi ons have been made the first rough PCA nodel

shoul d be built. Since this is going to be a very

rough nodel the exact nunber of principal conponents

to be retained is not inportant. This will typically
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su S two-phase w across an orifice plate or

turbul ence in the |level. Noise can be caused by

el ectrical inductance. However, significant process

variability, perhaps caused b$-process disturbances is

useful information and should not be filtered out.

[00202] There are two primary noi se types encountered

in refining and chem cal process neasurenents:

nmeasur enent spi kes and exponenti al | ycorrel at ed

conti nuous noi se. Wth neasurenent spikes, the signa

Junps by an unreasonably Iarge anDunt for a short
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measurenents. [00223] An alternative approach to
explicitly calculating the scaling based on di sturbed
wWo@p®@razdlens is to use the entire training dat aPGEUSHS7/009812
foll ows. The scaling factor can be approxi mated by
| ooki ng at the data distribuion outside of 3 standard
devi ations fromthe nean. For exanple, 99.7% of the
data should lie, within 3 standard devi ations of the
mean and that 99.99% of the data should lie, within 4
holdﬁiﬁaﬂéiﬁhcbaﬁ%ti wRlt 1S alifnédeithapecturelee. dp axper;ttiodatﬁ]a rotational
u

es between99. 7% and_99..99% m t he
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lndepe dept, source of pr lz)idarl ation.[00228] The
areé’i‘?g:}?‘ﬂ% Ti 5“3 Bé‘&tﬂt’faﬁs fI'ng the correct nunber
[ooshy pri nC'AP@x'neﬁt%Héﬁnﬁnﬂiréthlaﬁ oh® cmpm e ihbimded uupsnsfer slot 44.
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casy ORE g it i A idnt sh 8 Bt g pRBHyyen
and aSS|gn a nanme (e.g. feed rate effect) to that PC
As nore and nore PCs are extracted fromthe data, the
coefficients becone nore equab-in size. At this point
the variation being nodeled by a particular PCis
primarily noise. [00229] The traditional statistica
nmet hod for determ ning when the PC is just nodeling
noise is to identify when the process variation being
nodel ed with each new PC becones constant. This is
neasured by the PRESS statlstlc mhlch plots the
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/1. Multidinmensional Engineering Redundancy Mbdel s
[ 00252] Once the dinensionality gets larger than 2, a
waemghst14PCA | i ke" nodel is devel oped to handl BCHUKI0GT009812
di mensi on engi neering redundancy check. Exanples of
mul ti di nensi onal redundancy are: pressure 1 =
pressure 2 = .... == pressure n nmaterial flowinto
process unit 1 = material flow out of process unit | =
. = material flowinto process unit 2 [00253]
the cﬁﬁﬁﬁﬂﬁ eh@fnvammsemendecbw doyeavariousenodifisatiarisewd equivalent

equat i ops coeff ie .
arrapgepRE Hel cEaHie %nénq';# 5075 b e 2pbSpdedclais, whish scope i
to bé hérdSEiNe lbaReidst 1ﬁter;ﬁe{aﬁoh)so%s @ &hcompasy alt sficH medifibations and

biasi, -, + operator hiasi + errori, F2(y = an& (x i)

equivalent styciereppnspermittedddenths layi as2> + error2 > i Fn(y
i) anGh (x i) + filtered biasn, -, + operator biasn +
errorn Equation 18 [00254] These nodel s are devel oped
in the identical manner that the two di nmensiona
engi neering redundancy nodels were devel oped. [00255]
This set of rmultidinmensional checks are now converted
into "PCA |ike" nodels. This conversion relies on the
interpretation of a principal conponent in a PCA nodel
as a nodel of an independent effect on the
processwhere the principal conponent coefficients
(1 oadi ngs) represent the proportional change in the
measurenents due to this independent effect. In Figure
3, there are three independent and redundant neasures,
X, X2, and X3. Wenever X3 changes by one, X
changes by ai and X2 changes by a2. This set of
rel ati onships is expressed as a single principa
conponent nodel, P, with coefficients in unseal ed
engi neering units as: P =ai Xi + a2 X2 + a3Xx3
Equation 1 9 Wiere a3 = 1 [00256] This engi neering
unit version of the nodel can b e converted to a
standard PCA nodel format as follows: [00257] Draw ng
anal ogies to standard statistical concepts, the
conversion factors for each dinension, X, can be based
on the normal operating range. For exanple, using 3s
around the nean to define the normal operating range,
the scal ed variables are defined as: X ca>e = X nornal
operating range / 6 Equation 20 (99. 7% of norna
operating data should fall within 3 s of the nean)
Xmd = md point of operating range Equation 2 1
(explicitly defining the "nmean" as the md point of
the normal operating range) Xl= (X - Xmjd ) / XJcale
Equation 22 (standard PCA scaling once nean and s are
determ ned) Then the P 1l oadings for- X are: b (ai/Xi-
sc) !/ ( , (ak/ Xk.scalc)2 )mEquation 23 (the
requi renent that the |oading vector be nornalized)This
transfornms Pto F =Db * XI + b2 * X2 + + bn * XN
Equation 24 P' "standard deviation" = bi + b2 + bp
Equation 25 [00258] Wth this conversion, the
mul ti di nensi onal engi neering redundancy nodel can now
be handl ed using the standard PCA structure for
cal cul ation, exception handling, operator display and
i nteraction. Deploying PCA nodels and Sinple
Engi neeri ng Model s for Abnormal Event Detection /
OQperat or and Known Event Suppression [00259]
Suppression logic is required for the foll ow ng:
Provide a way to elinminate fdl0se indications from
measur abl e unusual events Provide a way to clear
abnormal indications that the operator has
investigated Provide a way to tenporarily disable
nodel s or measurenents for maintenance Provide a way
to di sable bad acting nodels until they can be retuned
PrOV|de a way to pernanently dlsable bad actlng
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Frozen Val ue Threshold (FVT): Value to be conpared

with current standard devi ati on cal cul ated over SDTW
worRevatneg4Fr ozen Val ue Tol erance M nutes (FVTMPCT/11S2007/009812

current value of standard deviati on remai ns bel ow FVT

for FVTM m nutes instrunent is considered to be frozen

O fset Duration Tol erance (ODT): Nunber of mnutes for

whi ch the current PV nust stay on one side above a

dead band (CDB) to consider that the instrunent has a

control ,offs I gdOR) aims, further

t hr eshol63 se?hilo g’gasggaﬁog{yggﬁltgrlglg&gfq??e}tqlerrora or
compugingul at ed controller error Accunul ated Error
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the ﬁtmnaéaxhexfkhtt mdmi)ﬁeslandony stency (X-Y plot) with a

speci fi eg hﬁlaﬁ*{ sfER 810t OAskEvhitBg with felgedtiveioned of the plurality
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to darrieyemeanal to a. |l oader for loading chips into, for
exanpl e, a carrier belt. BACKGROUND [0002] In a known

appar at ug and t.hod for |oadin

m ni at ur n‘ﬂgﬁelﬁf‘% a8 FO%‘B&PW g?]‘%lgr pFS 5‘2‘3 élc%m % \ipprein each of
the pburtility afrsﬂltts tatizahtookcavd therat lsfast cymsqféhe plusality of chlps lying with
a lo%éaa%é (SfythQEt {el dHeerQﬁéjﬁ_lﬁréImP&ﬁ% perpefdiphRE Bfitheto@tional axis

NHGECIAG NI R T T e T

that &6hipl des¢ending into a mqpectewttsansféh elot fiepon eespsctiyaslot haS a ninety
RehAoRe aRis2 Single layer. The radial
deégggog%nl%c%nponen gllss transferred to a |inear
vi bratory device that converts the radial streaminto
a linear 9str eaﬁmamadunqvﬁmsnp}ﬂymﬁﬂhll@tﬁmpmaﬁﬁlufﬁglgﬁf@ac}“ne feed
meglgaguérﬁ CS%I@W&&&I’IEP&H Eromtablt feed BUtE trchidifg bh DPr exposed

s.is dir to.,a,rotati
surdont e e oo ga L s PRl b i S hel
corfofrinzad the {@Paake Bithetonter hadislraige agd mmlfcect #fljacent thereabout the

lm{}%@g&ggf%&na%gégﬁ%udwgo% hfzhsmal In.pglngafzgences bet ween

ndld n

i nserti orf PlHEAktY B S’QFSO‘Pgat %gﬂet%?é’eb%’mfﬁﬁi %ﬁegabougme outer
radidledet Adich off thd pleralivyrpbsietstsizedrte reveivept dezst bge chip lying with its

oriented td?hRd €
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i nportant as hi gher processing speeds |ower the unit

price for each conponent. Bal¥xci ng speed and accuracy

is thus inportant. BRI EF SUMVARY OF THE | NVENTI ON

[ 0004] Enbodi ments of the present invention provide a

way to |l oad and orient mniature rectilinear or

t ubeaxi al conmponents so that they are accessi bl e about

their ends. In particular, the present invention

provi des an_appar at us that |s abl eto | oad and present

o oy



turned on to feed nore chips 24 to upper plate surface
32 of load plate 16. For nore details, the reader is
wo edognegdi to U.S. Pat. No. 5,863,331. [0027] ArCHIOS4M7/009812
in Figs. IB, 3 and 4, at outer slot end 38 is an
additional narrow slot, called a transfer slot 44
herein, extending axially further into the surface of
| oad plate 16 and co-term nus with outer periphera
edge 26 of |l oad plate 16. As chips 24 reach outer slot

end 38, att{}?leeflEl%t ﬁt{l]ﬁg aggllgﬁlfn@ﬁ& %@HEX chs@tlfsm‘f&tﬁgm a outer
axi s Oorest In

nsf e
end ahseanorTivapRss of e RNFEHE Ao AR e P g gl cses; cach
trans@e’ircslbt&‘sh@;sed?s% bt £clsiprdesticatiing intotesah transfep slot from a respective slot

her al te 16. At outer-slot end
hasag%’ tg'd% ersgag%n%%ﬂg{tggga%w%séf romthe bottom of sl ot

22 in a downward direction, preferably parallel to
rotati 0"1@' axTlse ﬁﬁa&m@ﬂ&ohﬁn@&f ¢laimal 9pfurthep aompuosing:
opposed, agd aced F‘B’xaéateh \ﬁlﬂph ﬁbg& sWal:éofthe plurality of

| eadi ng ral
grooVendm 2 n@emeswaw thg gppey %P%?eérsé%P gh"’cBWFf WL Ry interior
of tHelcRkdrividll D8 oAg (18 rosdtidhalRis IF thaféei plateot s 44

preferably have chanfered | ead-in edges. That is,

| eadi ng edge wall 46 preferably |ncIu es a chanfered

edge porltli on Blte maehing pegording kd glagra - g PEPRERS

bet ween dnaﬁﬂémoﬁdﬂe)%o leakt cleaif (Bplanality ofsbitemckidig at least

o e 1 A PR G R BB AR B20, 20

edge 40 around to the rear wall between | eading
eggeml I1fﬂ6 amHe h%ghin'b Rgcardiag twaldlm|458 futthérscongaisingal |
of trans ot n
of t1ans! Slanseld rfaﬁé‘ext%é&ﬁg%e@iféeﬁé%a%pg gkt gf% 4IBFf the
plux{anﬁ'zﬁ]sloﬁsmam%@dgerpflalf@@ecvy waester slohe width of
transfer slot 44 is set such that a chip 24 can fit
therein in a specific orientation, i.e., if it is
oriented laying on its one narrow side C. As a chip 24
descends into slot 22, its long axis y-y is
perpendicular to the rotational axis x-x and a w de
side Bis resting on outer annular portion 34 of upper
pl ate surface 32. Wien its long axis y-y is
perpendi cular to the rotational axis x-x, chip 24 is
said to be in long-axis orientation. As chip 24
reaches outer slot end 38, and aided by chanfered edge
portion 50 of |eading edge wall 46, chip 24 is rotated
90 degrees about its long axis y-y to rest at the
floor 54 of transfer slot 44. Due to the width of
transfer slot 44, wde sides B are essentially
parallel wth |eading edge wall 46 and trailing edge
wal | 48. Note that although the illustrated exanple
provides that transfer slot 44 has a depth sufficient
for only one chip 24, this is not required. The depth
of transfer slot 44 could be sufficient to support two
or nore chips in long-axis orientation. [0029] Instead
of the bottomwall 56 of slot 22 being flat or planar
with the outer annular portion 34 as shown, bottom
wall 56 may alternately slant downward frominner sl|ot
end 36 to outer slot end 38 in a region of the
transfer slot 44 as shown in dotted outline in Fig. 3.
Such a slanted bottomwall would provide additional
aid to gravity in noving chips 24 along respective
slots 22. As shown in Figs. 41B-and 5 in anot her
option, instead of the bottomwall 56 of slot 22 being
flat or planar with the outer annular portion 34, the
bottomwall 56 of slot 22 could be sunk, i.e., cut
down, into the surface of the outer annular portion
34, formng a path 76 that extends from each slot 22
in a direction of rotation of the upper plate surface
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