WO 01/ 38835 PCT/ US00/ 32202 METHOD FOR CONTROLLI NG AN AMOUNT OF MATERI AL
DELI VERED DURI NG A MATERI AL TRANSFER CROSS- REFERENCE TO RELATED

APPL| CATI ONWD 0118835 appl i cation i s a non-provisional filind<3fUS8iiz2@ar|ier
provi sional application, U S. Serial No. 60/167,401, filed Novenber 24,
1999. FIELD OF THE | NVENTI ON The present invention relates to weighing and
delivery systens and nore 10 particularly to an inproved nethod for

controlling an anount of material delivered during a materi ransfer.
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increasing the tradeoff between accuracy and feed time.
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SUMMARY OF THE INVENTION
The present invention relates to a method for controlling an amount of material
delivered during a material transfer. This method includes the steps of inputting a target
35 amount for a material to be delivered from a source location to a target location, updating

the target amount during the delivery of the material using a predictive model-based
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weight 19, material feed rate 20 and a cutoff ﬂag'21 to PLC 18. ‘Scale controller 17 and
PLC 18 work together with valve output controller 22 to determine the appropriate time
to close the valves which permit material feed in order to achieve the desired amount of

25 material to be delivered. While a load cell scale and scale controller are described, one
skilled in the art would appreciate the use of alternate measuring systems and/or
controllers including, but not limited to, preweigh scale systems, flowmeters, weighbelt
feeders and/or combinations thereof. Operator interface 23 allows a technician to access
system 10 in order to create reports or perform other system related functions.

30 Referring to FIG. 2, a schematic block diagram of control logic for determining
the cut-off point of a material being delivered is illustrated. This control logic may be
incorporated into scale controller 17. The input from load cell 16 may be filtered by filter
30 in order to reduce noise, such as noise caused by agitators within mix tank 11. Using
the filtered input, weight 19 and material feed rate 20 is transmitted to PLC 18, as

35 illustrated in FIG. 1. A control target amount 33, input from PLC 18, is compared to

weight 19 within decision block 34 in order to determine the cutoff point for closing the
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Valve 13, and the like, are closed or shutoff in order to stop the delivery of the material in

25 block 58. A sufficient period of time (e.g. 1 to 3 seconds) is permitted to pass in order for

the scale to settle in block 60. The final weight (FW) of the material is measured in block

62. A feed error (E) is defined and calculated in block 64 as E = FW — TW. An actual

spill (S) is defined and calculated in block 66 as S = predicted spill at cutoff point (PS.) +

E. In block 68, the predictive model parameters, K, and K3, are updated with the new .

30 data point (Q, S), wherein Q is equal to the material flow rate at cutoff point and S is the

actual spill. This method ends at end block 70.

Predicted Spill and Predictive Model
35 The theory of the aforementioned predicted spill formula recognizes the effects of

the following four components (a-d) which contribute to a discrepancy between the scale
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20 weight of the material in the mix tank after the process "settles" is called spill, which is
precisely defined as: Spill = final batch weight - scale reading at cutoff. Using this
principle, a practical application was derived into a predictive model of PS=K,; * Q + Kz
* ? , wherein Q is the measured or calculated flow rate of the material and Ky K; are
parameters of the predictive model which are independent of material flow rate Q.

25 Referring to the aforementioned predictive model of PS=K; * Q+ K3 * Q?, when
the initial downward velocity of the material being fed is either equal to zero or
independent of flow rate, then the following values are used:

K1 = Tg+Ky-v¢/32.2
30 - K2 0

where,
Ty is a filter composite time constant,

Ky is a valve let-through factor equal to '7 f[xv(t)] dt, and
35 v is the initial downward velocity of the matenal
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20 weight of the material in the mx tank after the process "settles" is
called spill, which is precisely defined as: Spill = final batch weight -
scal e reaswwownsgsscutof f. Using this principle, a practipcxlUuseqEzeizcati on was
derived into a predictive nodel of PS =KL * Q+ K2 * Q@ , wherein Qis

t he measured or calculated flowrate of the material and Kt, K2 are
paraneters of the predictive nodel which are i ndependent of material flow
rate Q 25 Referring to the aforenentioned predictive nodel of PS = K1 * Q
+ K2 * 2, when the initial dowward velocity of the material being fed is

either equal to_zero or independent of flowrate, then the follow n
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conposi t dollawing eahmstastsedt ¢ is a valve let-through factor equal to ?0 c
f[xv(t)] dt, and 35 vO is the initial downward velocity of the material 5
WO 01/38835 PCTI U0/ 32202, AWen the initial downward velocity of the
material is propor ?ona_l f:toKf“fsow rate, then the follow ng values are used:
5 KI = Tf +KV, T f i STfaispifilteeeongnosirolime eonstafe constant, tc is a val ve

| et-through factor equal to ?0 c flxv(t)] dt antt 10 K2 = -1/(32. 2*p*Ay),
Pis a density of th&vrisayalvelet-thraugintacios equabiocosy dkkeftildihal area of a val ve
or other conduit through 15 which the material noves fromthe source

| ocation to the target |ocation. Referring to FIG 4, a flow chart show ng
a method for contrad i ng the anounts. and tinmng of nmulfiple material

f eedsjgisi ng an overl apping feed technique is used. This

Ky = -1/(322xp=Ay),

P is a density of the material, and

Ay is a cross-sectional area of a valve or other conduit through

15 which the material moves from the source location to the target
location.

Referring to FIG. 4, a flow chart showing a method for controlling the amounts

and timing of multiple material feeds using an overlapping feed technique is used. This

20 method begins at start block 80. The starting scale weight (SW) is measured in block 42.
In block 84, the target weight (TW) is set to equal the SW + the formula weight (FW),
wherein FW is the desired weight of the material to be delivered. The weight of each
overlapping preweigh feed or dump is added to TW in block 86. Delay time, Ty ,is
calculated in block 88 for the delaying of the feeding of the main material, also referred to

25 as main feed start. All overlapping preweigh feeds or dump are started in block 90.
Delay time, Tg, is waited upon to expire in block 92 before the starting' of the main
material feed in block 94. In block 96, this method waits for all the overlapping preweigh
feeds or dumps to complete. Target weight (TW) is adjusted by any weight errors in
overlapping prewigh dumps or feeds. The method then progresses into block 98 where

30 then the current scale weight is measured, filtered, and set to value (W). In block 100, the
flow rate (Q) of the material is calculated as Q = (W — W) / (t ~ tiast), Wherein t is the
duration of time during delivery and Wy,q and tng are similar values for the previous
readings. The predicted spill (PS) is defined and calculated in block 102 by the
following predictive model PS=K; * Q + K, * Q?, wherein K| and K3 are parameters

35 of the predictive model and are independent of the material flow rate, and Q is the
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s | ess thad LWaf H6Q rStQ? Qﬁﬁﬂ%gm‘%ﬂ&§ i ﬁl@rﬁbfugﬁs;ﬁl'l r ohtdimebli®hds #'en@n the
right and re-enters owc art at circled letter "B" on the left, else
t he met hodPleckelaft | nues through to block 108. Valve 13, and the like, are
closed or shutoff in order to stop the delivery of the material in block
108. A,sufficient period of tinme (e.g. 1'to 3 seconds) is permtted to

pass in order for the scale to settleln ok;LlO eflnal wei ght (FW
of the material is measuredZ a L ‘F!(t % I s defined and
cal cul ated i n Tegsedigtivg @gle};pmrarpwrs Iﬁl\/\/anﬂnKa@f%’&FleEeﬂfl gpwrate Q%tned and

~cal cul at edclgh %E@'lg%csﬁoval% é ceds or g{alwaf:[:ﬁﬂac?é}is'n cﬁ&ng@é“sﬁél‘f adRbdupGFSG)  +

E. In bloc verm 2,. areudated
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bllock 120. valid for updating the predictive model. Referring to FIG. 5, a coordinate system 130 is
defined to display values of a dependent variable versus values of at least one
independent variable. The dependent variable is related to the independent variable by a
mathematical function which is defined by a predictive model, as previously discussed.
25 Next, a closed reference box 132 is defined on coordinate system 130. Closed reference
box 132 has a fixed center point 140 located at values of the dependent and independent
variables based on predetermined acceptable material delivery data values, wherein the
dimensions of the closed reference box are initially set based on predetermined
aécéptable material delivery data values. These dimensions and center point 140 are
30 subject to a rule-based adjustment using process performance data. Next, a finite number
of successively smaller closed selection boxes 134, 136 (two boxes are used for the
example in FIG. 5, however, any number of boxes may be used) are defined on
coordinate system 130. Closed selection boxes 134, 136 each have a center point 138
located at values of the dependent and independent variables based on current averaged
35 wvalues of the dependent and independent variables as calculated from process

performance data. The dimensions of closed selection boxes 134, 136 are defined by
7



Adaptive Updatin2' ofthe Predictive Mddel The predictive nodel paraneters K
and K2 are independent of flowate Q but can change slowy due to process
or materi NYOWREScteristic changes, such as makeup in \PET{E80/2020t her
process phenonena. After each feed of the nmaterial, the foll ow ng routine
20 and strategy is used to determ ne whether a new point (e.g. cutoff flow,
actual spill) is wvalid for updating the predictive nodel. Referring to
FIG 5, a coordinate system 130 is defined to display values of a |
dependentsudeagsmw SnaVle¥ mwaah;mplsbf onﬁe dl@saa tef&a@e boR dRRARIARL N¥al stabl e. The
dependenﬁ varla var.
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| g&?ﬁsog%%%négﬁg?&%ﬂi §]FPé'|%fr’g°ra"g'r Ié?fﬁ‘i Wﬁﬁlodm ¥s of the closed

ref erlénce boxThis memtine crsmethipd s seif-stattingsip thateinitiak ivaluem of whee predictie¢ i ned by
whi ch a ﬁlB@éllb%éa ASoMtEHA pardited a(-@iut@fﬁﬁimh?fietlﬂ%m da%%f alfidt nﬁ?é?lai44 in

[ om o) A ¥amerRord enie Oulind i Bethod 35 Soib BrERaRg i e Hd Pregfeiys oo, ¢

whi ch t hmogel-rbﬂ@m elgpv@mmeqmamqs | arp eresetdivher dchanged povasss | ayn maggsichds on

whi ch of cHabRtepieti@ nekideg spedifidd critdfa Srededtted.t he data point. |If the new data
. poi n?RMl I s containe W|th| n both of the - smallest of the selection boxes

136 d closed reference box 132, then at |east one predictive nodel
paranmeter is updated.. Else if the new data point 142 is contained within

both the | arger of the sel ectlg&&@m}@}%@aﬁbgl osed reference box 132 but

not withint arate predictive model parameters K1 and K- are used and maintained for
p p 1 2

each different material in the batch sequence. The predictive model parameters Kj and

25 Ky are updated or reset after each feed of the material according to the selection

-

procedure described above. The equations used to perform this updéte or reset are
derived using a conventional mathematical approach called "recursive least squares",
which, for a sequence of data points, minimizes the sum of the square of the deviation
between the actual data point and the estimate of the point provided by the predictive
30 model. Bach data point consists of cutoff flow Q as the independent variable and actual
spill S as the dependent variable. After the material feed is completed, the new data point
(Q, S) is used in the following equations to update or reset the predictive model
parameters Kj and K7 and additional parameters, defined below, which are used in the

predictive model.
35



10 smal l er selection box 136, then at |east one predictive nodel paraneter
is reset. Else if the new data point 143 is contained within cl osed
reference bggoldgksbut not within either of said sel ectioredivosess22®4, 136,
then on first occurrence within this region no change is nade to any
predi ctive nodel paraneter. Else if the new data point 144 is outside
closed reference box 132, then nake no change to any predictive nodel
parameter. 15 This routine or nmethod is self-starting in that initial

val ues of rediyct i nmodel - rit

aut omat i ca*‘%fx(g‘ég ’f)’r%krhgrga?é o) ut‘ﬁ??aﬁg?‘?drm%é'er fqgfgapgié iv ?{/Stémla:thgtnﬁvérdﬁtgr e,
this routipter method is self-correcting in that the predictive

nmodel - bas edait b Bfitidl BataRiR (B4, S m Medfirktersal ofMhemariallgs dnp e 36 botsed

mat eri al . tchaer?hct e%é{st‘i, cso(%g Qi n$; specified criteria are detected. 20
Updat e 3nd OpE L e eipl v 1R g YY" predictive nodel paraneters. Kl and K2
are used apd_nmintajned for each different terial in the batch sequence.
The pr edi CBFW “f?&?laﬁ?éqnéert?sP\‘F"‘%ﬁié’rt%m?é?%tsr%hﬁ‘ﬁﬂat ed or reset after
each feed of the material according to the selection procedure described
above. TheAé"q'ﬁ‘@W&?r@OEfsed to performthis update or reset are derived

usi ng a cofdendrarags St hemati cal approach called "recursive | east

squar est0, Bwdveragef(fowd” sequence of data points, nininizes the sumof the
square of BBe dveviagaFéw pdDween the actual data point and the estinate of
the point @rodvedegt Bowhe predictive 30 nodel . Each data point consists of
cutoff flow Q as the independent variable and actual spill S as the
dependent variable. After the material feed is conpleted, the new data

poi nt  16Q TH aforemendonddrprédigivieahddehbiRS edliat Qonk: + Qs denaipdated esmsett he
predi cti veadiofiiig to ey ilewmgeqidtioannd K2 and addi tional paraneters, defined
bel ow, which are used in the predictive nodel. 35 8 WD 01/ 38835

PCT/ USO0/ 32265 eakkhevk &utiz poft (Q ), S; )WeerRk (1 + Cirtof IO tind ISqw 2ardalSpill:= Act ual
Spill, represent the new data point. Call an initial data point (i.e.,
fromthg first feed of the material), or one that is to be used to reset

the predictiyggpodel, (Qo, S0). 5
ANew = AoLp + P(Qi-Aowp) (Average Flow)
Buew =Bowp + P(Qi’ -Bow)
Cnew =Cowp  + B(Qi - Cowp)
25 AAnew =AAop + P(Si-AAowp) (Average Spill).
BByew =BBowp + B(Qi'Si-BBowp).

Then,

30 K, =C-AA - B-BB
WY
AC-B°

K; =ABB - B-AA

AC-B
35

40 Initial Point (Q .S o) & Reset: -

Ay =Qo (Average Flow)
Bo =Qo2



Define five additional paraneters needed for the nodel as follows: A =
Average Flow AA = Average Spill 10 B =Average (Flow)2 BB = Average (Fl ow
Spill) CYOMAEge (Flow)3 15 The aforementioned predi AGKISOERE of PS =

Ki * Q+K2 * @ is then updated or reset according to the follow ng
equations: For each new data point (Qi, S 1), where Qi = Cutoff Flow and
S 1 = Actual Spill: 20 Update ANEW= AOLD + ppp}+(Qi - AOLD) (Average
Flow BNEW= BQDR + Y( Qi2 - BOLD) CNEW= COLD + f(Q 3 - COLD) 25 AANEW =
AACLD + J3fes =Q°AA0LD) (Average Spill) BBNEW= MOD + P-( QiSi -
BBOLD). Thgn, g@g, BBB AC- BK2=ABB- BAA AC- B35 40
Initial P0|nt (QoSo)g I%s 0 = Qo (Average Flow) Bu =Q? 9 WO
01138835 PBB/,Us@x83202 Co QI)S_ AAo =So (Average Spill) BB O= QoS o
Then, 5

Then, -

K] = AA

A

XK = _0
10
In the above equations, B is a weighting factor having a value between 0 and 1.

Smaller values of § provide more weighting to previous data points. A value of p=0.17,
which weights the 25™ most recent data point by 0.01 and the 50" most recent point by
0.0001, has been used effectively in several applications of this method.

15

Overlapping Feed Technique
There is a multitude of process designs for batch manufacturing systems, all

having their own unique benefits. One of the simplest systems consists of a multiple tank
architecture. The tanks are sized to deliver materials at the necessary accuracy. This also
20 allows parallel operations to increase throughput. These tanks are mounted on Load-Cell
weighing devices and material movement is controlled by monitoring the change in
weight. In general, this mandates only a single material movement at a time in any one
tank. _
Referring to FIG. 6, this example process coﬁﬁguration 160 of a batch
25 weighing/mixing has two preweigh tanks 162, 164 that support a main tank 166 in which
a final product is made. This configuration allows intermediate materials to be processed
in the upper tiered preweigh tanks 162, 164 and delivered to the lower tiered main tank
166 when required. While FIG. 6 depicts a system having two preweigh tanks, one
skilled in the art would appreciate the use of alternate measuring systems and/or .
30 controllers including, but not limited to, flowmeters, weighbelt feeders and/or

combinations théreof.

Traditional Operations:
During the manufacturing of a product, each tank goes through its recipe cycle and
35 interacts with the other tanks as shown in the traditional activity diagram in FIG. 7. In
this example, the materials A, B & C are delivered to the preweigh tanks in parallel with

10



KI =AA A K2 =-0O 10 In the above equations, Ris a weighting factor

havi ng a val ue between 0.-and 1. Smaller values of provide nore weighting
to previ ouswomasssi nts. A value of P=0.17, which wei ght PQIASER202 nost
recent data point by 0.01 and the 50 h nobst recent point by 0.0001, has
been used effectively in several applications of this nethod. 15

Over | appi ng Feed Techni que There is a nmultitude of process designs for

bat ch manufacturing systens, all having their own unique benefits. One of
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product is nmade. This configuration allows internediate materials to be
processed in the upper tiered preweigh tanks 162, 164 and delivered to the
| ower ti er@ggr@'bﬂgtp&gkeiﬁﬂgﬁmwwMgtg;,yj,[pé}ds,vwi le FIG 6 depicts a system
havi ng two prewel gh tanks, one skilled in the art would appreciate the use
of al ternate neksuedung tiey biteneydadingg, .andOtheroby imir¢ase praductienithe présent not .
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Tradi tional Operations: n actur] oduct tank
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15 in FIG. 8, the preweigh dumps are coordinated with a material feed so that both are being
added to the main tank at the same time. For this to work and still accurately deliver the
main material, the preweigh finishes its delivery before the material finishes its feed.

This overlapping feed technique woi'ks by maintaining information on the
performance of most aspects of the process. This information, including material flow

20 rates, tank sizes and drain times, is constantly being updated as the process is used. The
information is then used to make the predictions necessary to perform the overlap feed as
described in the timing dlagram of FIG. 9. Refernng to FIG. 9, the following definitions

are provided:

25 Tap This is a "Dead-Band" time that the preweighs may intrude into without
causing a problem with the material feed. This time is configurable by -
an engineer and is generally set to $ seconds.

Tdt This is the calculated time that the main material will be deiayed while

30 the preweigh feeds so that the required (Tma + Tdp ) is met.

Tma This is the time that the material feed must feed alone, without any

preweigh material coming into the main tank. If any preweigh feed will
interfere with this feed alone time the material feed will be suspended.

11



the pre-weighed internediate materials, they are transferred to the main
tank, with all other activity in the main tank suspended. This approach to
bat ch manuV2&3#8%hg delivers quality product at an effcRETUSIOBAOR. As the
need for additional product increases, however, 5 adding additional )
manuf acturing systens or increasing the nunber of manufacturing hours

t hrough overtine or nore shifts are typical options. Overlappi ng Prewei gh
Dunas and Material Feeds: To reduce the batch cycle time, and thereby ‘
i ncrease productionputd rs iV, ' i LT, ri,ajs usi ng a
| oad cell system at %%ﬁlggrﬁg%??%%u%‘ﬂ%twaﬁml?%g?%g%;{iggn&ng%%?aﬂo #Ss
transferred froma ﬁF‘é‘%@’i'gh. Thi s approach significantly - increases the
production of an existing process w thout naking physical nodifications.

The decreas® _j-n cyclg.t. ! _ . .Sev, . f system
nmust be eva Eat ed t@lsdé?%réﬁﬁ%gﬁ??ﬁg%%%?%g%&éﬁg tﬁéﬂéﬁo@n&ﬁ?s;\%pﬁgtg%goerl appi ng
feed activity di agréﬁ#-lS in FIG 8, the preweigh dunps are coordinated wth
a material feed so that both are being added to the main tank at the sane
time. For tig to ' bV, : i terial, the
prevei gh fi nPhes %ﬁgﬁ?@%ﬁﬁﬁggﬁﬂg ﬁ?ﬁ@%‘aﬁdﬁt"tﬁ]‘??ﬁlg?h?tbgaf%;d. Thi s
over | appi ng feed t e&sdingintoiermain kapknai nt ai ni ng i nformati on on the
performance of nost aspects of the process. This information, including
material flow. 20 r S, g4l.a ' n b N L - n n bei ng
updat (Ila@ as tHg pr oczplsb"{sg 7 éﬁ iéjé%ftéét?_ﬁ% @ﬁE%nS[rr%H&Berq ﬁé%lﬁhe(g? %rge%}’?%édrréke t he
predi cti ons necessataketadehigerthe pantents toshamaiptanked as described in the
timng diagramof FIG 9. Referring to FIG 9, the following definitions
are pr OViAﬁﬁg: 21t5 Tdbt.Thls is a "Dead-Band" tinme that the prewei ghs may

i ntrude i“MOBRRAREPIRAusing a problemwith the material feed. This time
is configurable by an engineer and is generally set to 5 seconds. Tdt This

is thg cal Mgt ed t THE idth@hethd) Flowbratd AWhRhitRd mivedidl iDBeisielaiekdubidee 30 the
prewei gh feeds so that, t hgﬂi‘ﬁﬁﬁi red (Jma + Tdb) i.s net. Tga This is the
time that the materi°GfVPE s if Weerlaty dds urgptef §¥EY $7Pdpr ewei gh materi al -
comng into the main tank. If any preweigh feed will interfere with this

feed al one M%‘ge t heTHIR £ iHearhatb@A8 avérhde f26d P46 PTRRASH upddidd WOHR 1¢ndS5F35

PCTI US00/ 322 This time is configurable by an engineer and is generally
set to 15 every usage of that material. |

20
M. This is the number of seconds that the material is expected to take to

finish its delivery. When the transfer is in progress, this is developed
using live process data.

25 Msp This is the amount of material that is to be added during the overlap
operation. |

PW, e This is the actual flow rate at which the preweigh is delivering its
material to the receiving tank. This is live data and is updated every
30 second.

PWan This is the historic_:al average flow rate at which a preweigh will deliver
its material to the receiving tank. This is updated at the end of every
preweigh transfer.

35
12



seconds. Tnf This is the tine that the material feed into the main tank is
expected to 5 take. Tovl This is the overlap tinme that the prewei gh and
mat erial wiwoowssshs be feeding into the main tank. 10 Ti RCITAUSY32e t he
greatest tinme that any selected preweigh(s) are expected to take to
deliver the contents to the main tank Additional descriptions: 15 Mact This
Is, the actual flowrate at which the material is being delivered to the
receiving tank. This is |live data and is updated every second. Mavg This is
the materi al pyaver ag f y usage
of that rraterla‘i\{ O%F?Qtﬂfﬁ%ﬂ?‘b@& Cb&s%ﬂ%‘g% cgthhlgs?%?%tétatt‘ﬂg&err%terlal
i s expected to take tdelives its siaterias Woen tbert;ansfw]ignntmmmﬂu srdeveloped
progress, this is deveipeed prbld\dhed | Ve process data. 25 Msp This is the
anount of material that 1s to be added during the overlap operation. PWct
This is the a ual flowrate at which the preweigh is delivering its
materiall to aecel'ﬂhuﬂgs theimiass thstitke preweigh és expeciingitel deliventsothe eageiwingry 30
second. PV\avg This i Ri st ewei gh
Stahtl ﬁ &{t} r&ﬁledaﬁf%é‘gcﬁné W éﬁ%f"?‘%atsta%%é % Bl

will deliver its rraterlal e recel vl ng at the
end of every prewei gﬁewahéq@hvewrnaze% 01/ 38835 PCTAUSOO/ 32202 PWetc.
This is the nunber of seconds that the preweigh is expected to take to
deliver its material. Wen the transfer is in progress, this is devel oped
- using live process data, 5 PWm This is the nmass that the prewej Ph I s
expect ilg Peringethe pupriapofeed repeare many grocess phecks mads tfeié«tdéﬁmhwessahl WRf ti e

t he recei vinytproceak upset] Uslos/irdgsre the steps and the sequence in which they occur when
performing an overlap feed:

1. The system waits until all requested preweighs have finished all activity and are
15 ready to transfer their material to the main tank.
2. The preweighs are evaluated to determine which will have the greatest, prl , by

the formula: PW. a/PW
M

3. The material feed time is calculated by the formula: Tinf= sp/ avg
4 The total amount of material expected in the main tank is determined by combining
20 all the expected preweighs’ amounts, PWp, ma , and the materlal feeds setpoint, Msp s
for a total.
5. The time to delay the start of the material feed is calculated using the greatest, prl
,as: Tdt=( prl - Trof + Tdb + Trna ) with Tdt never being less than zero.
6. All requested preweighs are instructed to begin their transfer.
25 7. When all preweighs have started their transfer and the, Tat , has been satisfied, the
material feed is started.

Tha , is monitored to make sure that no preweigh's transfer

Tna , using the following method:

M,

8. The feed alone time,
will violate the materials,
Tma > Mege, - FWye
30 Based on the results of thlS comparison one of two things will happen.
a. If the feed alone time is not violated, the preweighs will finish transferring.
The material will finish its feed and at the end of which all system data,
including but not limited to information from the independently measured
feeds, will be updated to reflect the current operation of the process.

35 b. If the feed alone time is violated then the following occurs:
13



preweigh to deliver its material. 10 During the overlap feed there are nmany
process checks nmade to reduce the possibility of any process upset.

Fol | owi ng W0©1/38885 st eps and t he sequence in which they opcrwuscebeo:z

perform ng an overlap feed: 1. The systemwaits until all requested

prewei ghs have finished all activity and are 15 ready to transfer their
material to the main tank. 2. The prevvm ghs are evaluated to determ ne
which will have the great est Tpvvl , the fornula: PWma / PWavg 3. The
mat eri al feedtlnellsngﬁaileg bytheforrrula Tnf = Msp / Mavg 4 The
total anmount of material exp ec in the main tank is determ ned by

conbining 20 all thelhoapews W%l’gﬁ@Sfeéﬁ%'ﬂﬂdﬁte thejyprocesgdatat he materi al
f eeds setpoint, Mpg. Tlﬁ:rurﬂeltv\l&ighk of the mbitial feB@ id detdiminyl ahd thedpdfatored t he

maerial Teed s cal Gikahesoal Oguitodkehiakve Iath cnBoiddt = ( ToU -

Tnf + Tdb + Tma) wi request ed
prewei Yhs are inst Fuch@d’eE‘b“%éﬁ Pﬁﬂleﬁé#tm%l ity A8 fogerlapfisedyis iphibitedasa that ewei ghs

have started their tr&a&ﬁteﬁsymﬁlditﬁleanmouectmas been satisfied, the
material feed is star tinme, . T nltoredto
t5 ﬁ&glaln&lerl }p Sotd gﬁg?esgmg er ac tate &T?%Hg c%lz%cglral al's, T,

make sure that no preweig viola
using the foll ow ng nethod: Tma > Metc. - PWetc. 30 Based on the results of
this conpari son one of twothings vviII happen. a. If the feed alone tine is

not vipolated, ~&h t.r an. terial wll
finis é)l ts fee ‘in‘%&rﬁ?\t{¥g}tf"‘?i‘hc§'l %J' en?emegtf}’ §’§/as %gé)f) eraﬁg% ngTR}’t?{g but not
limted ST EREUICHhSSHEANE pﬁmaplmweﬂ@émnmyuqma% uThese instroetions way| be
updat ed tresidecihl vagibus dsvpesmﬂsi@mtbdaﬁﬁg aletiaNsweh haliedigk &@\%S@drﬁﬁnlﬂ'lerﬂ .the feed

S o b A e B S S M e,
t ransf er comBrisipg)sigea tbﬁmnﬁ rmde?c@s dyg#. programipd nmhmmﬂ@bi@ ingkruqtieas,mat er i al
feed 15 dgdcatabletsth dipithl dite pricessad, Qichial a certfabpreébsinf uhit (CEUR td perfokmso t hat
correcti %%ﬂ%ﬁtske%g TR nthiﬁéﬁ?i@able instructions may comprise any one of a number of
programming languages known in the art (e.g., Visual Basic, C, C++, etc.).
It should be understood that the present invention may be implemented on any
type of computer system. One acceptable type of computer system comprises a main or
20 central processing unit (CPU) which is connected to a main memory (e.g., random access
memory (RAM)), a display adapter, an auxiliary storage adapter, and a network adapter.
These system components may be interconnected through the use of a system bus.
The CPU may be, for example, a Pentium Processor made by Intel Corporation.
However, it should be understood that the present invention is not limited to any one
25 make of processor and the invention may be practiced using some other type of a
processor such as a co-processor or an auxiliafy processor. An auxiliary storage adapter
may be used to connect mass storage devices (such as 2 hard disk drive) to a computer
system. The program need not necessarily all simultaneously reside on the computer
system. Indeed, this latter scenario would likely be the case if computer system were a
30 network computer, and therefore, be dependent upon an on-demand shipping mechanism
for access to mechanisms or portions of mechanisms that resided on a server. A display
adapter may be used to directly connect a display device to the computer system. A
network adapter may be used to connect the computer system to other computer systems,
It is important to note that while the present invention has been described in the
35 context of a fully functional computer system, those skilled in the art will appreciate that

the mechanisms of the present invention are capable of being distributed as a program
14




5 4. The next usage of the material in an overlap feed is inhibited so that
accurate systemdata can be collected. 5. Normal overlap activity resunes
after accurWD®1/3888% i s collected. 10 The present inventi orPOTAIS0E2202

i npl enented, for exanple, by operating a conputer systemto execute a
sequence of machi ne-readabl e instructions. These instructions may reside
in various types of signal bearing nmedia, such hard disk drive and main
menory. In this respect, another aspect of the present invention concerns

a program : agp,rf 110,53 k Y efTRA ﬂém i am of
nachine-regﬁggﬁghfagﬁr C ﬁ%ﬁgimﬁggggg%gggﬁ*ggb ‘?F itaqiggﬁg%dgﬁgggsor,
such as a HEnRartgulas, Yee ok siggal hisaring medip used) t?)é%/tflg}yrﬁ“%ﬁb?‘ﬁ ¢ disgution
machi ne- r egdahples bNsigmal beartgsmediy irehider teseardably type enalia, auchuabBoppyfdisks,

progr anmm ng, l:3f i | i G +i £tc.).
It should gaeljdun ler st%cf’gemﬁ%%&gr%é%ﬂ%%%%ﬁﬁ%%@%ﬁ@afe %lﬁ% e‘frr:gt}ﬁlo d on
any type Wm@BWﬁﬂtOQFl‘%@Wf@fé acceptabl e type of conputer system
conprises a main or 20 central ‘processing unit (CPU) which is connected to
a ma: n menmory (while gaﬁﬁﬁﬂﬁ Binagdiﬁx‘éﬁts lﬁﬁﬂwkpfe%eWéntioﬂTlﬁbs peayillasteadeand an
auxiliary storage .adapter, and a network apter. ese. system conponent s
may be .int Q?SGBPF%ed’E éfﬂﬂtll’ﬁ' ghyAus fe these %cplleg o thee it ght szdb@nﬁyg@e, f or
exanpl e, apiaHchiidhs RiARHle WRtbat paltiHeSFrontMieRBlrA lah@Beope [dP IRVBYentioh, Shoul d
be understood that the present invention is not |limted to any one 25 nmake
of procdssand Wisintended 1o eaves wriherappendedyelaimsi aleych modifications thatipee Withide of a
processor &ngﬁg%fﬁmqgwﬁﬁgﬁessor or an auxiliary processor. An auxiliary

st orage adapte may be used to connect mass storage devices (such as a
hard disk drive) to a conputer system The program need not necessarily
all simultaneously reside on the conputer system Indeed, this latter
scenario would likely be the case if conputer systemwere a 30 network
conputer, and therefore, be dependent upon an on-demand shi ppi ng nechani sm
for access to nechanisns or portions of mechanisns that resided on a
server. A display adapter nmay be used.to directly connect a display device
to the conmputer system A network adapter may be used to connect the
conputer systemto other conputer systens. It is inportant to note that
whil e the present invention has been described in the 35 context of a
fully functional conputer system those skilled in the art will appreciate
that the mechanisns of the present invention are capable of being
distributed as a program 14 WD 01/ 38835 PCTI US00/ 32202
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product in a variety of forns, and that the present invention applies
equal ly regardless of the particular type of signal bearing nedia used to
actual |y swoessgsst the distribution. Exanples of signalPCF8®pU/32nedi a

i ncl ude: recordable type nedia, such as floppy disks, hard disk drives,
and CD ROMs and transm ssion type nedia, such as digital and analog 5
comuni cations links and wireless. Wile particul ar enbodi nents of the
present invention have been illustrated and described, it will be obvious
to t hosevwsHATISCLAIMEDEISart that various changes and rmdifi cations may be
made without departing fromthe spirit and scope of the invention, 10 and
it is intended to cover in the appended clains all such nodifications that
are within 1.t Aemsthop donbverhapping \aedelivery. of18 Mot 0ns dadpepdsntlysoes@ed 02  WHAT
IS CLAI MiDsdhi w&haéelm}jmxﬁﬁﬁnﬁieﬁﬁi@ﬂiaga%a?erﬁﬂradéwwr&fessat | east one
|ndependent y neasured” material wth adelivery of a main material during
a material transfer process. 2. The nethod of Claiml, wherein a final

tar get bat @& Tbs glthod sf Girh lewhersintafinal tanget bﬁtclawmhgétdeﬁnmthﬁf #$msaid main
Tt eri 8l (ARt AR 20N 2R dﬁammenam%a Q4FBLIAY furd O o mobisiopasalent |y

measur ed® s to ered J t batch weight is
updat ed idersmdemly ﬁ@}s}lﬂ?g ’é?cl??ﬁ‘ H%rﬁ ‘fi{}a%gaé'%‘fqeb&tcﬁaw%gftdf whil e
mai N mat apdated afies tl&tdehirerjaef eag:hdmdepereieﬂw measuméfdmmal,aﬂ;ﬂecmwhmfgﬂal'arl ation
from { e 0fdBleny adiIHERIBIEcl Yoy BRREYVAHTR! Sh Whe biiginAlinddRitently 3. The
met hod of alm el'n saild main material delivery is started at a tine
Tdt aftemeﬁmﬂmwytﬁ@a%?ed feeds begin, cal culated by the foll owing
equations: If (Tpw - Tna+ Tma + Tdb) is greater than zero, then Tdt =

(Tpw - Tnfy +fiReihiod 8PC1aiR! 1S hifdin salcpmam%t&aal dEery $s fafi@psl-ahane time
that thedq “%%gﬁl ﬂh%r%ly’i‘%@%@c? Bt SiculA&d By4RE Yol lFing éﬁuﬁﬁkﬂ@ into wthout
causi ng Ad it et a‘i

mal n ma deI I"'very, Tdt s a cal cul ated

‘time that the main _nateri al dellver_Iy will delaﬁg ¥m
i ndependent | y neadfir dpwhatlediafma $ dU)e‘FﬁFéﬁeéﬁagﬁerP 0 éﬁn‘i"lr ed (T +
Tdb) is net, Tmf + Tma + Tdb)s else Tgt = 0.

where,

Tdb Is a dead-band time that the independently measured material
delivery may intrude into without causing a problem with the
main material delivery,

Ty Isa calculated time that the main material delivery will be
delayed while the independently measured material is
delivered so that the requlred (Tma + Tdb ) is met,

ma Is the time that the main material must be delivered alone,
without any independently measured material being
delivered,

Tif Isthe expected time to complete the main material delivery,

and

prl Is the largest time that any particular independently measured

material is expected to be dispensed.

16
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Tma |Is the tinme that the main material nust be delivered al one, w thout
any independently measured material being delivered, Tnf Is the expected
time to com¥@0:3883%e nmain material delivery, and Ti ptiil Bcrises3azogest
time that any particular independently neasured material is expected to be
di spensed. 16 Y0001 100 1E1JE 12212 11 111 WO 01/ 38835 PCT/ US00/ 32202

4. The method of Claim1l, wherein said steps are contained within a

conmput er- readable nmedium 5. The nethod of Claim1, wherein said steps are

cont ai ned W t4)i The nbirlidt af CRAALY, Qbherddf \ShidestepB - ard REnthmED adthd a Godipiied.,
wherein said steps. are contained within a conputer data signal enbedded
in a carri &gadglgmedinm. A net hod for controlli ng an anmount of materi al
delivered during a material transfer, conprising the steps of: inputting a
target anount for a material to be delivered froma source |location to a

t ar get | ocat i onTheipwthoded Gldim 1, avhgetin said steps atecontginedwithiinl 4 digityl aoptrelhe

mat eri al .uging a predictive nodel-based algorithm and updating said
predictive ﬁ%%él -based al gorithm based on process perfornmance data using a
recursive | east-squares procedure. 8. The nethod of Claim?7, wherein said

redi ctive nodel-based.al gor.ithm update the target,ampunt to a
8i spensed am)ElCJi thn‘epFﬁgmﬁ %%E’d?‘c]{} 8‘6“%‘& ﬁ’g SIRRAAE Foﬁgf%wﬁ&nsaaﬁypﬁ%gﬁ& ed
spill anougitgnglsmfd,gadeaeﬁlabym’ema&egl | owi ng predictive nodel: KL*Q + K2*Q

where, Kl and K2 are paraneters of said predictive nodel which are
i ndependent of material flowrate, and Qis a neasured or calculated flow

rate of the matgrigihod for controlling an amount of material delivered during a material
transfer, comprising the steps of:
inputting a target amount for a material to be delivered from a source location to a
target location;
updating the target amount during the delivery of the material using a predictive
model-based algorithm; and
updating said predictive model-based algorithm based on process performance
data using a recursive least-squares procedure.
8. The method of Claim 7, wherein said predictive model-based algorithm updates
the target amount to equal a dispensed amount plus a predicted spill amount, wherein

said predicted spill amount is defined by the following predictive model:
Ki*Q+ Kp=* Q2
where,
K1 and K are parameters of said predictive model which are

independent of material flow rate, and
Q is a measured or calculated flow rate of the material.
9. The method of Claim 8, where initial downward velocity of the material is equal

to zero or independent of flow rate, such that:

K1 = Tr+Ky-vg/322
| ) 0
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9. The nethod of Caim8, where initial downward velocity of the mat eri al
Is equal to zero or independent of flow rate, such that:

+KV-v0/ 32WQOIA8835- 0 | || 14 s ,- WO 01/38835 PCT/ usom%‘é%%’mmére Tf is.
a filter conposite time constant, tc KV is a valve let-through factor
equal to ?0 fjxv(t)] dt, and vO is the initial dowward velocity of the
material. 10. The nethod of Caima8, where initial downward velocity of the
material is proportional to flowrate, such that: K1 = Tf +KV, Tf is a
filter corrposmervhetﬁrre constant, KV is a valve let-through factor equal to

?0 flxv(t)] dt , @aﬁftearéligs% f vﬁnmﬂ is a'density of the material,

and AV is a cross- se fi'ona ve Or ot her conduit through whi ch

the material noves fg&m ahﬁ]v%‘?é{rtﬁﬁ\ééﬁ%ifg@afﬁ tﬁéﬂ&aﬁﬂq{; and OCation. 11.

The nethod of Caim wherein sal ar € updated from process
perf or mance data usi i¥g i§ thednitigl downord velogity of E‘Gﬂ%’abrocedure 12. The

rethod. ofo g ﬁ‘eﬂmd"‘&eb‘fdﬁ 3N ALRPHINE iRl ORIGH 06 Bk Mlafertdpagl t 0

determ ne | east one previous predictive nodel -based al gorithm

par anet epmpsmmldoﬂewmﬂsa%@awth at | east one new predictive nodel -based

~algorithmparaneter in order to adapt the predictive nodel -based al gorithm
in response to a pgpcesyg ge, said determnation is based on process

performance data. 1 Thg wherein said adaptive
sel ection al gorithm géﬂf)?fggrsmmgmfe%wn tfu% def i n| ng a coordi nate system

to display values of Ka IS%R/%RG?CQtMXI?éh fa ctor equgft%u t[xv(t)] dt,

and

Ky = -1/(322+p+Ay),

P is a density of the materiai, and

Ay is a cross-sectional area of a valve or other conduit through

which the material moves from the source locatlon to the target

location.
11.  The method of Claim 8, wherein said K and said Ky are updated from process

performance data using said recursive least-squares procedure.
12.  The method of Claim 7, wherein an adaptive selection algorithm is used to
determine whether at least one previous predictive model-based algorithm parameter
should be replaced with at least one new predictive model-based algorithm parameter in
order to adapt the predictive model-based algorithm in response to a process change, said
determination is based on process performance data.
13.  The method of Claim 12, wherein said adaptive selection algorithm comprises the
steps of:
defining a coordinate system to display values of a dependent variable versus
values of at least one independent variable, said dependent variable being related

to said independent variable by a mathematical function defining a predictive

model;
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val ues of at |east one independent variable, said dependent variabl e being
related to said independent variable by a mathematical function defining a
predictive womdessss 18 1111111111111 1111 11111 11 1111 \RCTAS&As

PCTI US00132202 defining a closed reference box on said coordinate system
said closed reference box having a fixed center point |ocated at val ues of
sai d dependent and independent vari abl es based on predeterm ned acceptabl e
materi al delivery data values, wherein .dinensions of said closed reference
box are initial defiring alchsediréferenqerted amesaid everlinate systenb Isaidrrhesed ireferenes i very
dat a val ues, wherei,n said dinensions . [ e | ' | ect
to a rul e- basedgﬁ’ﬂjlﬁg%ﬁtﬁi’ﬁg}a RS 831@@29%%&%0?%@%(:? %’gid;?e e ?l%i %‘g&;&){a
finite nunber ofndepedemsiarigblys bael loarpredeasmihed ateptablenminterigisdetineryadath

coordi nate system said ¢l gsed selectjon boxes haying each.a cent oi nt

| ocated at val yeluesvhezsi ‘H’éﬂ%ﬂ'&fe?ftsa‘grfgosF‘ﬁﬁFz‘B@?‘Fai?ﬂ’f g(FdPﬁ‘&HVégﬁ’ﬁ%«;‘HPon

current averag ggred&ehmﬁéd chce;f%ﬁi)lg nIRRRD daerydia AIGRPFREIER saiddinmakions as
or

calcul ated from process perfornance data, wherein di nensions of said
cl osed sel ecti oandaxidscenter paint heing subject (& @culerhastd, adingmcst usipg PresHsal

mul tiples of saj ﬁhg ference box dinensions; defining at |east one
decision rule b&/’grf [ cﬁ&gdagageci fic new data point having values of said

dependent and i deffring ddiviteimmbabbesucdessively dmfallemelpsed selsstiop bexes ramesaide dat a
can 0e 0520 12 el Sibe A il o B b i g .

be nodifi ed, 0 ald boxes contaln said
data point. 14. afiuedwiflssid dependbmtiand idjepéndentharialdenipsed o8 cturentsivesagedof .

defining two said closed. selection ,hoxes and four sad decjsion rules as
follows: if sai aglﬁ%w %aﬁﬁflﬁﬁm jagd d‘&%ﬁ’%ﬁ‘ﬁ@d"ﬁaﬁﬁ A Sﬂfﬁ‘a@ ‘?‘?{‘8 Pé?ﬁa??ﬁ er of
sai d sel ection phgrRBn Whid Whdredn anRAsiond 6 Aidcodad ¥eledtivhrbaxpdakidefinahi d
predictive nDdeF paraneters, else if said n m/ggta,po I S conta#ned

S e

[ ! | nt
wi thin both thebyafgesssissly sspejles ofrationg), m rf’a‘ds&}‘ﬁe%lrﬁgcéﬂ’cF % ence
box but not w tRifensighgl smaller selection box,

defining at least one decision rule by which a specific new data point having
values of said dependent and independent variables derived from process
performance data can be used to select a specific rule by which said predictive
model will be modified, said selection depending on which of said boxes contain
said data point.

14.  The method of Claim 13, further comprises the steps of:
defining two said closed selection boxes and four sad decision rules as follows:
if said new data point is contained within both of the smaller of said selection
boxes and said closed reference box, then updating said predictive model
parameters,
else if said new data point is contained within both the larger of said selection
boxes and said closed reference box but not within said smaller selection box,
then reset predictive model parameters,
else if said new data point is contained within said closed reference box but not
within either of said selection boxes, then on first occurrence within said region
make no change to said predictive model parameters, else reset said predictive

model parameters,
19
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then reset predictive nodel paraneters, else if said new data point is
contained within said closed reference box but not wthin either of said
sel ecti on wosrms3st hen on first occurrence within said resgmgsoosRee NO
change to said predictive nodel paraneters, else reset said predictive
nodel paraneters, 19 11 11 1 | 111 111 1 Jill, git 11 Jill WD 01/ 38835
PCTFUSO0/ 32202 else if new data point is outside said closed reference box
, then make no change to said predictive nodel paraneters. 15. The nethod"®

of Caim 13, whelithew dah goileRontdiiisaid@ldsediefertiice dox 3 ter ahaks pblchanganmount .
16. The nmet hod of, Cleaj m 13, .wherein the nunber of said independent
variables is '®Spidprefistipnmods) garametars; ndependent variable is a cut-off flow

rate of sid mMAbahédd of Claik €3, WhéiaH safd §épahdeni JaridE i€ szl spynber of
cl osed selection boxes is 2. 18. The nethod of Caim1l3, wherein said '

number omeB%ed sel ection boxes is 3. 19. The method of Caim7, wherein
sai d met hgd | ?hé%éct%édtéfélaﬂﬂ 18Nwhéteh thd b8l oftda .ﬁd%ﬁéﬁ?e?ﬁ" ifigdscti ve
nodel - based al gorithm paraneters are automatically:set Tromdata of a

first matequdlae onteindweidyndependemtivariztde isadubof Gowi ratedf saihenatsirial. sai d et hod i s.
sel f-corngot i g LpabAak chithds, Wcsdh 6kl ¥inPRYe kDA ALRKLI N Par ameter s
are reset "when changed process of naterial ~characteristics mnéeting

speci fi ed8cr i The mathad of Chiired 8 odherddd said inembee ofi cldsedfselettionboles Aierein said Q

[ I t [ ' d or .cal t fl¢ .0f. 1h terial.
25, “The. 8¢ hod it etiod R h EPeR eid B JL T, rbAaa YR &
conput er of sdi¢ prbdietiee Mddéellbisedgoritiie paainbReh 4 adtbmb@lally s e ditas8hd St eps

are cont %igﬁned wthin a digital control device. 24, The nmethod of Caim7,
wher ei n tH‘*’é"t"@'E) I¥PRY- cont ai ned- within a conputer data signal enbedded

in a carpper YRY tethdod of \OlENDOwhREinCRAM htHodN RIF-Rffestiy Bf thaptadi al
delivered during a material - transfer wherein a single material delivery

rate i s Predictivemgdelrhaped algerithm pasametses 37a feset when changed process or material
characteristics meeting specified criteria are detected.

21.  The method of Claim 8, wherein said Q is equal to the maximum measured or
calculated flow rate of the. material. |

22.  The method of Claim 7, wherein said steps are contained within a computer-
readable medium.

23.  The method of Claim 7, wherein said steps are contained within a digital control
device. |

24.  The method of Claim 7, wherein said steps are contained within a computer data
signal embedded in a carrier wave. '

25. A method for controlling an amount of material delivered during a material
transfer wherein a single material delivery rate is sustained until such time the material
delivery is shut off completely.

26.  The method of Claim 25, wherein the single material delivery rate is set at its
maximum.

27.  The method of Claim 25, wherein said method uses a predictive model-based
algorithm and an adaptive algorithm, said adaptive algorithm updates at least one

predictive model-based algorithm parameter.
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delivery is shut off conpletely. 26. The nethod of C aim 25, wherein the
single material delivery rate is set at its maxinmum 27. The net hod of
Clai m 25, wWQW3R83Sai d nmet hod uses a predictive nodel - baseRFT/E$0§82202 hm and
an adaptive algorithm said adaptive algorithmupdates at | east one

predi ctive nodel -based al gorithm paranmeter. 20 ¢ L MIN 11111 hill I WO
01/ 38835 PCT/ US00/ 32202 28. The method of Caiit 25, wherein said steps

are coritained within a conputer- readabl e nedium 29. The nethod of Cdaim
25, wherei @8salke setipd off Claid ASaiwhereinysaidisteps am giamanncql: grithipja coganiege. 30.

The net hod ‘g[;g lrgrPB g] , Wherein said steps are contained within a conputer
data si gna ed in acarrier wave. E 111111/11 . .. s 11111 21
The method of Claim 25, wherein said steps are contamed within a digital control

device.

30.  The method of Claim 25, wherein said steps are contained within a computer data

signal embedded in a carrier wave.

Wy,
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