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1. A method ¢ exftrud:inag a {cod nrceciuct

comprising the stegs ol con*i1nuously 1n*rodul:ing ot arti-
centaining food 1ngro2dients 1nto en et rudsr, mIKInT O And
heating the 1ngredien's in a mixing zonu ci *the »@rruior b
supplying shearing energy, adding u predetermin.d guantity CI
water to the ingred:ents 1n said mix1ng zon<, furthor
comprising measuring drive power (N) appliled by an extruzr
drive motor to a shaft or shafts of said extruder ar 1
constant speed of rotatinn, measuring bulic throughput (m) of
the introduced ingredients, forming quotien. (s or *he drive

power (N) and the bulk thr_ughput

(m)

in a computlng c:vice

tc determine specific energy (s, being consumed, feeding the

specific energy (s) as the controlled condition to a

controller to keep the specific energy constant 1n accordance

with a preset desired value (S~‘oll) by adjusting the supply

of water to the mixing zone of the extruder as a correcting

variable by the controller.
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(11) AU-B-78654/87 -2-
(10) 595745

7. An apparatus for extruding a fond product
comprising an extruder, feed devices for feeding srar-inz

4~

products and water 1ntfo a mixing zone of rre exrruder, arn

electric drive motor for a shnaft or srafts of the extruizr,

(

comprising a device for .measur:ng power consumgtion cf rhe
drive motor, said devices 1rciud:ng means for determinirng

trhe throughput of the <tarr:ing products, means for wvar.in e
progortioning of water or steam or £o*h wirer and sreanm

supply to sa:d exrruder, a ccriut:ing means wh:ch 1s connec-ed

[0

to the mears for determ:n:ng rhe rhrougnpur «f -he
producrs supolied and the reans fnr detectins -rne power

consumgtrion and whicn 1s connecred to a con-ro..er, an cutLut

n

of the contrcller be:ng connecred *o an ad-uz-irn3 dev:ice for

the supply of water or the supply of s*eam to sa:d exrruder.
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METHOD AND APPARATUS T[TOR EXTRUDING A
FOOD PRODUCT

FIELD OF THE INVENTION

The 1nvention 1s directed towards a method for
extruding a food product wherein starting products and water
are fed to an erxtruder and mixed 1n a mixing zone and whereln
the mixture 1s heated and plastified by the supply of
shearing energy aund i1s foamed after passing through a nozzic
and an apparatus for carrying out the method for extruding
a food product comprising an extruder, feed devices for
feeding starting products and water i1nto a mixing zone of
the extruder, an electric drive motor for the shaft or shaf-s
of the extruder.

BA "KGRGUND OF THE TINVENTION

In such methods and apparatuses, biopolymers,
such as starches or proteins for exampic, are pressure-cooxed
in a few seconds, substantially by the action of shear:ng
forces and expanded to a foamy structure. The ferm "cook:ng
extrusion" 1s therefore also used.

Such a methnd for the cextrus:on of foodstruffs
consisting of starch carriers and proteins 1s known from DE-
OS No. 33 41 090 wherein a proportioned addit:ion of water
1s effected by means of flow control devices at the beginning
of the conveying path of the extrusion apparatus. In th:s
case, however, the metered addition of water 1s effected

exclusively




from the point of view of adjusting a specific water content.

Tt is known from U3PRtNe. 3711 296 to increase the
natural water content of the raw material by an appropriate
adiition of water. By varying the speed of rotation of the
screw of the extruder, an attempt is made to adjust pressure
and temperature conditons under which a plastifying necessary
for the extrusion takes place. In adiition, it is known,
per se, from this printed document to provide a steaminz-
out zone in the second half of the extruuer or Aalternatively
to this, an offtake alorg the extruder. This offtake is
effected with the object of removing the water vapour given
off during the plastifying, as cemrl=tely as rossible.

A basic problem witih such conkine extrusion operations
lies in the fact that, apart from the gr=at fluctuations
in the water content c¢f the tiologic»l raw naterials, these
also occur in the fat and cellulose contents, as 3 result
of which the quality of the product, for exsmple hardness,
density, water solibility and viscosity, colour and taste,
is altered, while fluctuation in the proportioning of the
individual components, durinsg starting phenomena and in the
temperature of the raw materials cause the same negative
effect. SUMMARY OF THE INVENTION

Starting from thig, it is the object of the invention
to indicate a method and an apparatus whereby as many of
such varying influences as possible can be compensated
while achieving a product having a constant quality,

independently of this.
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The invention is based o%recognition of the fact that
because of the physical and chemical modification of the
biopolymer hy shearing and heat transfer during the cooking
extrusion operation, all end quility parameters depend
very decisively on the mass-specific mecrtanical supply
of energy, ~n the retention time in the extruder and on
the temrerature profile of the product along the extruder.
Accordingly, the constant retention time distribution which
has to be demandsd means that the speed of rotation of the
screw and the mass flow of the biopolymer are kept constant
as are also the pressure conditions before tke extrusion
nozzle as far as possible.

The specific mechsnic3l supply of energy is defined
as the juotient of net drive vower and total mass flow.

-~

of the gpecific enersy introiuced via <22 srceed

i3

-
P

B]

p—

1 cn 0
nf rotation is wnown from the rubdbber ani plascics Sie2113,

in order to obtain a constant disgersiorn ju2lity in this

Ianner. In addition, influencing the temperature by <iving

2 certiin tezper~ture to the housins plays a parst there.

2e-

cause of the constant retention time required durin:s cooxing

extrusion - as explained - it is not¢ possible to keep the
specific introduction of energy constant ther® via the
speed of rotation. Moreover, the retention times at high
temperature are so short during cooking extrusion that
giving a certain temperature to the housing cz2n only have

a subordinate influence.

e ———
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The problem according to the i1nvention 1s solved
by a method according to which the drive power applied by
the drive motor to the shaft or shafts 1s measured at a
constant speed of rotation of the shaft or shafts of the

extruder, the bulk rhroughput of the starting products fed
in is measured, the quotient of these guantiries :35 formed

in a computing device and this specific cnergy rhus
determined i1s fed as the controlled condition to a controiier
which keeps this constant 1n accordance with a preser desired
value 1n such a manner that the supply of water to the m:x.ng
zone of the extruder and/or a supply of steam is :nfluencced
as a correcting variable by the controller. The essence of
this method lies 1n that the specific 1ntroduct:cn of cnergy
1s measured during a cooking extrusion operation and s kepr
constant as a result of the fact that the merered add:ri1on

of water 1s varied or that a controlied supply of sream 1s
effected.

As a result of this, fluctuations :n humidity
1n the product are completely compensated and fluctua*tion
in the fat, sugar or cellulose content in the product and
In the proportioning are correctly compensateda 1n *helr
trend. Thus ultimately what i1s decisive according ro the
invention is the 1dea of keeping the specific supply of
energy constant via the humidity of the product i1n the
extruder. The control can be effected between water contents
of 0 and 50%. This can be done most simply by an adjustment
of the supply of water, and with this type of control, the
t mperature of the product in the extruder 1s not
substantially influenced. Such an 1nfluence on the
temperature accompanies the supply of steam or the offtake
of steam which is likewise possible.

A particularly constant quality of the product
1s achieved by the superimposed control of temperature which
can compensate for the great majority of all the fluctuations
which occur.

Offrake and supply of steam may advantageously
be effected from the region after the plastifying zone and

before that plastifying zone, respectively.
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As a result of this superimposed control with the supply
of steam and the offtake of steam at appropriate places in
the extruder, assurance is provided that the temperature
profile of the product remains constant, particularly at the
point of the higheést temperature, that is to say generally
before the nozzle. The last three seconds in the cooking
zone deter-ine decisively whether thermal alterations and
damage to the extrudate occur. The control provided is
preferadbly effected between SO mtar and 20 bar.

The moisture of the product in the extruder is altered
through the control interventions provided with regard to
energy and temperature and nence the nozzle pressure loss
is altered via the viscosity. In many cases, this may lead
to an inadmissible alteration in the pressure bacxflow
and the retention time d:istribution for which reason 2
control via 3 mechanical product re3trictor irEr—coordmrncss

EEEE==ra¥m=5 may be provided in order to Zeep these parazeters

constant.

Sinply in order to reinforce the control operations
according to the invention and to achieve 2 desired t=aperature
profile along the extruder, the housing wall may be siven
a controlled temperature 1n sections, r—=ccordmrce—with
(CE=-=55e=C2

“ClEims—7to 12 relate to an-apparatus for-carrying
out the method, Claim 7 relating to the construction of
a closed loop control with a controlled supply of water,

¢tatm-9—to-a-control with-controllable stesm—offbake=or

PR e o SN (Rt
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An apparatus for carrying out the method
comprises a device for measuring the power consumpticon of
the drive motor, devices for determining the throughput of
the starting products, devices for the variable proportioning
of the added water and/or steam, a computing device which
is connected to the devices for determining the throughput
of the starting products supplied and the device for detecting
the power consumption and which 1s connected to a controller,
the output of the controller being connected to rhe adjusr-
ment of the device for the supply of water and,/or the supply
of steam which can be proportioned, 1.e., a closed loow
control with a controlled supply of water, and further a
control with controllable steam offtake or controllable

supply of steam and a controll of the nozzie pressure.
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controllable supply of steam and Claim 10 to a control of the
mozzle pressmrs. The particular subordinate Claims give advanrageous
developments.

The three closed loop controls reterred to may advantageously
be superimposed one on the other and be coordinated via a4 wommon
computer device. In this case, the vontro. via the supply ot
water has the areatest importance because ot rhe mechanical and
exponential-thermal intluence on the product. in {tselt, the
control via supplv ot steam and ofrtake ot steam 15 toss iatluential
because of the purely cxponential-thermal intluence.s Lease
intluential and therctore dispensable for mony prictical applic s tons
is the control via a varible restrivrion in tront tothe nazzle
because this is onlv subicor o o linear cber=al ot laonae.

Further teatures, advantazes oed dos opbs 8 2 anve ot i
can be scen trom the tollewing description ot 1 proeterred fors
of embadiment of the invention with reteronce o he drowine
his DRPF DESRID TGN COF THE 1R IWINCx
%hows A diagiammatic illustration, like « circuit Simarim, ol
cooking extrusion apparatus  with the measering o irouits and Closcd
loop controls provided iccerding 1o the invention.

DESCRIPTION 0F A VREF HRAEL  EMROD (M ENT

in the drawing, an extruder 1 ois illustraited which omprises
in succession in the conveving divection Carrow 20, 1 mixing zone
3, a plastitving zone 4 with recurn clements 50 1 conkine zone o
and an extrustion zone 7 which is tollowd by an extrustian nozzle

8.




The sgscrews 9 of the twin-shaft screw extruder 1 are
driven by a motor 10. The power consumption N of the
motor 10 is detected by a power measuring device 11 2and
passed on to a central computing device 12. visposed at
the beginning of the extruder 1 are product proportioning
devices 13, 14 which feed starting croducts such as suzar
with a throushput w, and biopolymer with a throusahput my
to the extruder through inlets 15, 14. furthermore,
water is supplisd to the extruder with a throuchput e
The quantities mZ} my and m,, are conveyed to the central
computin~ davice 12 which determines, from these, in
con. unction with the particular drive power, the particular

specific energy introduced in relation to the throusghrut of

N

mZ+mB+mw

mg, m, and m,, have the dimension mass per time).
-~ D

{The wu=ntities

product in accordance with s =

The central computing device 12 puts out the actual value,
taus deteramined, of the specific energy s which is compared,
at a comparison point 17, witn the desired value which is
likewise preset there. 'he difference serves 3s a controlled
condition for the input of a controlldar 18. ‘he output of
the controller 18 1is connected to an adjusting device 19
for the speed of rotation of a water proportioning pump 20
which measures out water into the ex.ruder 1 through an
inlet 21. “y this means, a first closed loop control is
formed which keeps the specific energy introduced into the

material being mixed in the extruder 1 in accordance with
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The pressure conditions can be altered according to the
alteration in the angular position of the throttle valve 37.

The controllers 18, 24 and 39 or the comparison points
17, 23,34 are connected to the central computing device 12
- as not illustrated in detail - and arce controlled in .
coordinated manner by this.

The compensation for disturbances via the three closced
loops controls under consideration is described below.

Devices 38 and 39 tor giving 4 certain remperature to the
housing, which are shown diagrammaticallv, mav additionally be
provided in the region ot the plasritving zone =+ and cooking
zone 6. Through these, a desired temperature protile, contrelled
by controllers not illustrated in detail, b preset,

The apparatus described above can Lo ased, asing the meshod
according to rhe invention, for the prodacr o ol very fibterent
tood products. By way ol example, troakiast oorvads, snacks,
corntlakes from pellets, tlat bread, cornticrr, phvsically und
chemically moditied starches, deoerming ol Sp et lseeds

cereals, texturized plant proteins, strips of bigoorice and

wincgums, pet foods, reaction ! cascin oL aReingte and
alkalization of cocoa mav be =mentioned o this onreos ton.
The production ot a granulitce malze snack 15 Considored

below as a special example ot application.
For this purpose a twin-shatt cxtruder ZSK7Q, rotating in

the same direction, with a screw diameter of 70 mm and

WD




speed of 200 r.p.m. is used. The throushput of maize meal
is 200 kg/h 3nd the adlition of wster 12 ke/h.
The power consumption of the extruder is 2.5 K. The
housing is given a temperature controlled at 140°C, T'he
specific introduction of energy is fix»d at 40 ¥J/kg.
The pressure in front of the machanical produ-t restricting
device is 73 bar; the temperature in front of the na-zle
is 170°C.

Startinz from these basic conditions, the use of the
appargtus accordinc to the invention and the methed according
to the invention is illustcated below wi%h the occurrence

of disturbances of various kinds.

18t cgxample:

After 8000 hours of operatins tizm=, wear of the scraws
reduces the external screw diameter by 2 xm. ‘S 3 result
of this, the specific supply of ener:y ris=s to 20 :#J/xkg, the
pressure to 93 bar and tne product temperature to 170°C.
dAccording to the invention, this c¢=n Te c:.mpensated in that
the correcting variable "supply of water" is increased by
2.5 litres per hour and the correctins variable "restriction
position"” of the mechanical product restrictor is reduced
from an opening angle of 30° to 15°.

2nd “xaample:

4 flucutation in raw material occurs in the form of
an increase in the mossture of the starting product by 2.5%

corraspondiny to 5 litres per hour. In this case, the

D Se TR R e




introduntion of energy drops to 418 KJ/Kg, the pressure to
55 bar anil the temperature to 161°C. Tor the compensation,
the correcting variable "supply of water" is reduced by

5 litres per hour.

3rd Txample:

An increase in the fat content of the raw mat..rial by
24 occurs. As a3 result of this, the introductinn of
energy drops to 465 "1J/k7, the pressurz rises to 77 bar and
the temperature drops to 16-°C. ‘ccordin- to the invention,
compensation is =2ffected in that the correciins varianble
"stean offtaxe" is increasz=i, for example from 2035 ol rthe

free passa~e to 350 and bv op ning the m2cnanical proiuc

V)
o]

restrictor from op»nins ansle of 20° to £3°. .lere

tne energy control comes into for:e only temporarily in orler

to accelerate the compensation. “Iter tnat the supply of
water returns to its old v=lue.

4th Zxample:

The three :uantiti-=s mentioned s3iove occur superimposed
one on the other. fccording to the invention, a correction
is carried out by means of a superimposed control, three
correcting variables being altered simultaneously, in that
the supoly of water is reduced by 2.5 litres per nour, the
ciftake of steam is increased from 204 of the fre= pnssage
to %6% and tne restrictor setting is 'nlarged from 30° to

3R
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The claims defining the 1nvention are as follows:

1. A method of extruding a food product
comprising the steps of continuously 1ntroducing starch-
containing food ingredients 1nto an ex'ruder, mixing and
heat ing the ingredients 1n a mixing zone of the extruder by
supplying shearing energy, adding a predetermined guant.ty of
water to the ingredients 1n saird nmixing zone, further
comprising measuring drive power (N) applied by an extruder
drive motor to a shaft or shafts of said extruder at a

10 constant speed of rotation, measuring bulk throughput 'm) of
the introduced i1naredients, forming guotient (5, of the dr.ve
power (N) and the bulk *hroaghpu! (mj) in a comput:nc device

to determine specific cenergy (s5) being consumed, f{e-sding *he

°s°° specific energy (s) as the controiiled ccrndit . on to a

o000

« oo controller to keep the specific energy 2onstant 1n accordance

L e

eso o N R N

with a preset desired vaiue (S .1 by adimsting rthe suapply

. oe S()l 1 4 - o Py

. L L] -

toee of water to the mixing zonc of the ex!'ruder as a corr~cting

o o0

T variable by the controlier.

o0 . .

S e 2. A method as claimed 'n claim 1 wherein rhe
20 adjustment of the supply of water 1s etfc-ted by varying *hne

speed of rotation of 3 feed pump.

RN A method as claimed 1n cia:m™ 1 comprising

eece

‘ee’ 2 controlling the product temperature by ad,ust:ng the steam
et offtake or stean addition which 1s sup-rimposed on a control
° L

to keep the speci1fic energy supply constant through adjustment

“eses’ of water supply.
'?"S 4. 2 method as claimec¢ 1n claim 3, wherein

cor.trolling the offtake of steam 1s effected from a region

fedt o af+er a plasticizing zone of the extruder and controlling the
30 aidition of steam 1s efiected 1n a region before the

plasticizing zone.

5. A method as claimed in one of the claims
1l to 4 comprising measuring pressure in front of a mechanical
product. restricting device mounted in front of one of the
extrusion nozzles of the extruder and keeping the pressure
constant. by adjusting this product. restricting device.

6. A method as claimed in one of the claims
1l to 4 comprising maintaining a predetermined temperature

39 through the housing of the extruder.
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7. An apparatus for extruding a food producr
comprising an extruder, feed devices for feeding starting
products and water i1nto a mixing zone of the extruder, an
electric drive motor for a shaft or shafts of the extrucer,
comprising a device for measuring power consumption of the
drive motor, said devices 1ncluding means for determ:ining
the throughput of the starting products, means for wvariab.e

proport:ioning of water or steam or both water and otoeam

supply to said extruder, a computing means which o connesrod
10 to the means for determining the throughput of *he Htars.ong
products supplied and the means for Jdetecting ' ne power
consumption and which s cornected to a contro..er, an output
of the controller becing connected *o an ad usring dev.ce $or
the supply of water cr 'ne supply of steam +o said extriier,
8. An appararus as <laimed in <c.oa:m 7,
comprising a proportioning pump for *he adiustabie 2ug.y
of water to sa:id extruder.
9. An apparatus as <laimed in cia:m 7 compr.s-
1ng a measuring device 1n a region before a nozzie <f +she

20 extruder to detect temperature ot the product and a sream

offrake pipeline with a steam throttice vaive n a reg:son
after a plasticizing zone of the exrruder, *he temperaturoe
m2asuring device being connected to an :nput of 4 controi.er
and an output of the controller being connecred *o the stream
throttle valve.

10. An apparatus as claimed 1n claim 9,
wherein disposed 1n a region before the plasticizing zone
1s a steam 1njection pipeline with a steam throttle valve
which is connected to the output of the controller follow:ing

30 the temperature measuring device.

11. An apparatus as claimed in claim 7,
wherein a pressure measuring device 1s disposed before a
mechanical product restricting device mounted in front of
a nozzle of the extruder, the pressure measuring device being
connected to an 1nput of a second controller and an output
of the second controller being connected to a servo motor

of a mechanical product restricting device.

12. An apparatus as claimed in claim 11,

39 wherein the second controller is connected to a computing
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device.

13. A method of extrruding a food product
comprising the steps of continuously 1ntroducing strarch-
containing food i1ngredients nto an extruder, mizing and
heating the i1ngredients 1n g mixing zone of sa.d extrud -
by supplying shearirg encergy, adding a predetrermined  jiancs o0y
of water to the ingredients in sacd mixXing zone, suapbiy.ng
steam to the extruder, further comprising measaring ir..ce
power (N) applied by an exrruder drive motor to o3 shafs r

10 shafts of the exrruder at a consrtant speoed of rorar . on,
measuring bulk throughpur ‘m) of rhe ntroduced ingredons o,
forming *he guotient (5) of the drive power CNooandd shee bgs
rhroughout (m) :n a comput:ng Jdevice to detorm;ne rnoe
speci1frc enerqgy =) being conzumed, feeding *ho S SIS
energy (3) as the conrroiicd condition *o o conrro. . or o
keep the specific enerqgy constant L accordance witn o1 pLroser
desired value (S ,)oIn o osuch 1 mannoer tnhat o rhe SunoL e f

Soli B

steam 13 adjusred as a correcrinag viartable by che contrallor,
DATED: 15 March 1989
PHILLIPS ORMONDE & FITZPATRICK
Patent Atorneys for:
WERNER & PFLEIDERER GmbH
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