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Smarter tools

for extrusion process control

BY WILL HENRY

gualeed and peifood manu-
facturers ane using smarter and
smarter tools fo comtrol the ex-

trusknn process. Upgrading from manual
to fully automated process controd of
axlrushon generabes big savings A quicksr
start-up, less wasted product, and faster
product changeovers. Automaled sys-
terms can mmprove throughput as much
as 40%, cut change-owver times by more
than 65%, and enhance product quality
characteristics such as shape, consstency,
palatability, ste

Accurale managerment o dE"'-'\fr!.' af
the dry feed rmash to the conditioner &
the foundation for these performance
improvements. An automated system
comvbrods virtually every input to the axtru-
Won proceis—steam, walter, {af, ERETRY,
mEin screw speed, elc—as a propotion
or in another direct relationship to the
dry flow rate. Beyond control of feed
flow rate, a variety of instrumentation
and closed-leop controfs downstream
can fine-tune ngredient and molsture
I"I'I.:ll'lﬂﬁlf'l'lll‘.'r'lt guring condilioning, extru-
sion, and drying

For automated systems. we have
found that the acceptable level of ac-
curacy for dry feed flow is 1% of
maximum dalivery rate, which ragqulires
metering by welght, typically by a boss-
in-weight (LW method. By conirast, in
mast manual systems, feed mash defivery
to the conditioner & on a valumetric basis
with variation as much as =% The
volumetric systems—aven if automated
to spdme degree—strugghe to accurately
adjust fof ehanges in materlal bulk denity
or flowability, Also, characteristics af the
dry feed mix==grird and fat content, for

Closed-loop controls in extrusion
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Electronic process control of dry feed flow and other extrusion inputs uses a PID
|proportional-integral-desivative control algorithm) incorporating three control values—
setpoint (SP), process varlable (PC}; and control varlable {EV). Owverview schematic
whowid dey mix supply and feeder, mash conditioner, and extruder. A complete aguafesd
ar petfood extruibon processing line alie intludes equipment for product drying and
downstream liguid coating which would be incorporated in the automated process
control system.

Mr Hemy is 8 sanior provect enginesr with Bachelor Conirols, fng, and faguend lectuwer in feed and petiood manwaciuing
short cowses sf Kansas Siae Unvesly and Tevgs ASM Linvemty He was astumeaniz! i the oesign and devedopvmenit' off
the first Suimated cookng Saraan conirad spsiam, Coniacy faf + f JES 284 3482 whenpdbachaloreontiods.com
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prarmple—have a significant effect on the
matering characteristics of the mix.

Dry flow challenge

The main chaBenge in managing the
dry flow rate from the live bin or pre
bin into the conditioner ks the change
in ‘apparent bulk density’ depending on
the level of feed mash in the bin. If the
liwe bin & 90% full, feed at the battom
has a much greater bulk density due to
cormpaction than the same material when
the bin is anly 20% full. At 90% full, the
di}l:l'l.ﬂrﬁE screw may operale al 17 pm
fo move the same amount of material
that is discharged at 20 rpm when the
bim is 20% fudl,

Apparent bulk density is constantly
changing with the filkng and empiying
of the live bin, which accounts for a large
part of the maccuracy in wodemetric dry
flow management. Volumetric dry flow
control depends upon estimations of bulk
demity based on historical or empirical
measurements, Instrumentation & avail-
abde to accurately medsure bulk density at
the live bin discharge and thereby manage
the dry fliow rate, but it is expensive and
there are simpher, more robust methods
using the LINY technigue.

Loss-in-weight systems, in which
the live bin is mounted on load cells,
are currently the industry standard fos
autoemated extrusion systems. The LW
systems continuously measwra the welght
of bin contents and maintain the flow
rate at a given setpoint through a PID
iproportional-integral-derivative controd
algarithm) which automatically modu-
lates the discharge screw speed. The
PID uses thres constants—satpoint (5P),
process vanable (PC), and control variable
(CWh—as values in operating the chosed
contred loop (see figure 'Closed-loap
contral).

There are different approaches to the
dry flow MD algorithm. Typically, the
approaches using lgher-arder math are
more Accurale. Some incofporate ernoe
fesdback into the eguation o improve
accuracy, although the error data are
safimations alwo, not based on actual or
amipirical measurermnent

With any system, the delivery ermor
ihould be e than =1% in order b

manage the maoisture and other ingredi.
ent streams precisely, Howewver, it has
been our experience that traditional LIV
technigques will not consistently prodece
acceptable accuracies. The challenge &
greatest during live bin flling {see figwne
‘Ciry mim feeder”),

Live bin filling

Dwring live bin flling, LIV reqguires
additional methods {o maintain accuracy
im the dry flow rate. In the empty bin
condition, some systems ‘lock-in" the
provious feeder screw speed, which tends
to over-compensate the flow. Others
foeck-in the screw speed at some percent-
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ajpe of the full-bin 5|;||:¢|;| Oihers make a
‘straight-fline” approximation based on
screw speed at full and pear-emply bin
levels and adjust discharge rate along thad
line during the bin fill period

This s a field of automated process
confrol where there & considerable de-

velopment. Meural nets, fuzzy logic, and
adaptive modeling are the more popalar
ntelligent’ control schemes

in our experience, adaptive modeling
affers the most accurate and reliable
techniguee fo manage dry flow rate dur-
ing bin filing_ For this technigue, we have
developed a proprietary algosithm that
accownts for the specific dry feed being

Fal




Smarter tools for extrusion process control

processed and further determines how
e manage the feed delivery system dur-
ing the live-bin refill, This mathematical
model continues to be refined during ev-
ery cycle of active LIV mode to improwe
the mass flow management during the

refill cyele.

Adaptive modeling
of feed rate

The model uses data 'snap shots’ of
the bin full-lg-empty cycle based on
150 data samples colbected during actual
operation, The system then “learns’ fo
contral How rate from batch to batch. In
eftect, the modeling replicates discharge
condfitions for that feed on that day and
adjusts accordingly. Churing typécal opera-
tioms, the modeling is only one bkatch be-
hand the feed being processed and sassdy
makes necessary flow rate adjustments. In
case of a drastic change-over of product

type, the automatic adjustment may bea
less graceful, but adjusts appropriztely in
wikequent batches

Owverall, adaptive modeling of flow
rate for bin filling periods significantly
improves accuracy wersus other tech-
nigues. However, in the case of YErY
qulrh: refills—n the order of less than
5 seconds—adapiive modeding may nat
generale greater accuracy than ather
technigues because the control loop does
not have time to respond before the next
cyche, But with bin il periods greater than
a few seconds, the system is learming and
adjusting to keep flow rate within 1%
variability.

Besides being quick to adjust bo system
process changes, the adaptive modeling
techimigue = also refatively independent
of the system hardware configuration.
This means that software modificatian
is not necessary whenever any hardware
i5 changsd,
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The
Manganese
Source-

Manganese Chemical
Products

Manganous Oxide *
Feed Grade — 60% Mn

Oximangam® **
Manganous Oxide — 60% Mn

Tecmangami® **

Downstream inputs

Once a predictable dry feed delivery
system & in place, then the other ingred:-
enk streams can be accurately managed by
slaving them to the dry feed rate on a ratio
basis, The ather fesd parameters—such
as maisture addition and altemate liguid
additisn—beacome ratios of the dry m
feed rate and are integrally controlled by
the extrusion confral system, Any changs
in dry feed rate putomatically adjusts
the other additive streams to malntain
thie formuols ratio that prodeces the finzl
product

Much of the economy of extrusson
automation cormes with accurate manage-
ment of praduct moisiure sia real-tirme,
an=line measuremants. For axampla,
thie following dala ,ﬂm-.-u:lu canvantion
process control linking the dryer with
upsirearn eguipment:

» Repl-time, on-line maasuremen] of ax-
truder discharge moitlune aliowy Teed
forwared Baasing of dryer tsmperature
coanbond, sebich enables prie-active=—in
contrast lo reactive—compensation
for variance in product monfure and
feed flow going into the dryer

® Diryer disfhnrgr moisture leedhack
validates feed forward hi.qsmg and

LIVE YEAST

CULTURES

wilh = Digesive Erdymes «
& Natural Vitamirs =

MnS04d4 Powder — 32% Mn
MnS0d Minl Granular — 32% Mn

= No Filams or Carmiers

NATURE'S WAY...

Packaging: All above products availabe in 50 Ib. bags, .-«to Fight Stress
2.000 Ib. bags or bulk. ««t0 Improve
= Fagd Eficsency = FAumean Function

"Products are shipped from Baltimore, Maniand manufacturing facility, s Fiber & Mineral = Palatahilgy
Digali
"*Products are shipped from Laredo, Texas and - r,tt',m Profit!
Tampa Bay, Florida warehouses. o Prodicss Tesied Sinas 100 »
» For AN Specias =

For Information:

*Erachem Comilog, Inc.

610 Pittman Road » Balimora, Maryland 21226-1788
Telephone: (800) 470-9002 = email: cs@erachem-comilog.com
**Erachem Mexico, 5.A.

Carr, Tampico-Valles KM, 28 = B2018 Tamos, Panuco, Var. Mexico
Talephona: 52-833-210-3824 = Fax: 52-833-210-3824
e-mail: o5 eracham-mexico.com

= Destrinated Worideole =

,

Yeast Company
Pl Box 257, Chllbootha, 1L 81533
Pt MHUTTA-3100, Fix 302 TL.5005
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compensates for variances in the
dryer, and
* Heated air termperature feedback al-
lows termperature control of the dryer
heating zone
Beyond the conventional instrumenta-
tion and feedback loops described above,
there 5 a wide range of instrumentation
and process control options that may
agply to particular types of dryers, such
L]
= Dryer exhawst air temperature feed-
back, which enabdes greater efficiency
thraugh better operation of dampers
for make-up air and recycled air;
= Exhamd air I|urn|rJ|'.'|.'. wisich o uied 1o
gain elfficiencees that svalve drying
capacity ol the air; and
= Ajir flow in the dryer, which helps
maximize eflciEncies m the vanious
temperature zones of the dr"':r
Accurate control of the dry feed rate
at the beginnang of the extrusion process
offers immediate paybacks and decreases
ROH-time by otfering guicker starts;

Extruder barrel
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T

BT

smaather product rh.1nr;i.-.|:|'.rrr\_ and less
wiasted product, Mowadays, ‘infelligent’
controd boops for LIV systemns can learn
to adjust the feed rate from batch fo
batch, ewen during blﬁ-‘ll”lr‘u-'_. angd other

o ._..Ili

s Tl

transabion perdds, This approach enables
dow g tredm nsirurmen latsen and cloved
oo contrals to fine-tune PrOCESSING ac
cording o the recipe and variabds ambient
conditsans. T
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tha way in micro
annnlhn! ing technalogy.

* Variable Freguency Dirives - allow for hi

and low
speed settings for each micro ingredient bin.

| = Lerge Bina - mimimize the possibility of bridging
with three vertical sides, chamfered corners, and a
large conveyor opening.

¢+ Individual Bin Scales - allow for sasy Inventory of
FOM rostricted Ingredisnte

Contact ws toll-free: BER-THI-36423 faw: 717-475-1330
e-mall sales@sudenga.com  on the web; www. sudenga.com
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Milk Chocolate Product

for Pir Starters

Diriad W hey Milk C -olate

Milk Chocolate Product enhances animal
performance and improves feed palatability.

fresearch avallalle on regoesi?

INTERNATIONAL INGREDIENT CORPORATION
' St Lowis, Missouri

h ¥ Ph: 636-343-4111

ficag & ficag.com
www.iicag.ocom




