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(57) Abstract

Raw material to be expanded is supplied to an
expansion chamber (12). The volumetric weight (M)
and the moisture content (F) of the expanded material
is measured, and signals representing the measured va-
lues obtained, are supplied to a microcomputer (27).
This is programmed for comparing the volumetric
weight as measured with a nominal value of the volu-
metric weight at the prevailing moisture content of the
expanded material and is adapted to supply in depen-
dence of the comparison made a signal for controlling
means (11, 13) for the supply of raw material to the ex-
pansion chamber to control the expansion of the mate-
rial in dependence of the comparison by increasing or
decreasing the amount of raw material supplied per un-
it of time.
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METHOD AND APPARATUS FOR MEASURING AND CONTROLLING
* THE VOLUMETRIC NEIGHT OF AN EXPANDED PARTICULATE

MATERIAL

5 The present invention relates to method and
apparatus for measuring and controlling the volu-
metric weight of an expanded particulate material.

When products including expanded plastic material

are being manufactured it is essential considering

10 economy as well as quality that the plastic material
has a correct volumetric weight, that is that the
material has been allowed to expand to a predetermined
degree, because a volumetric weight which is too high
means higher production costs, and a volumetric weight

15 which is too low, results in a bad product. Therefore,
it is necessary to follow up carefully the volumetric
weight of expanded plastic material which is used in

product manufacture.
The manufacture of insulating slabs of expanded

20 polystyrene is one example of a product for which it
is very important to follow up carefully the volumetric
weight of the plastic material included therein. Said
product is standardized and it is required for
example for an insulating slab which should have

25 nominally a volumetric weight of 15 kg/m3 that the
volumetric weight is within the range from 14.5 to
15.5 kg/m3. The basic material is granulated poly-
styrene having a volumetric weight of 600 to 700
kg/m3, aﬁH\this material is pre-expanded in one or

30 more stages by a continuous or discontinuous process
to a volumetric weight of 15 to 20 kg/m3 before it
is introduced into the machine for manufacturing the
slabs of expanded polystyrene wherein further expansion
of the pre-expanded material takes place in order to

35 sinter together the material so as to form homogeneous
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blocks or slabs. When no accurate control of the
volumétric'weiéht is applied'one is inclined to main-
tain said weight in the center of the volumetric
weight rénge established by the prescribed standard so
as to be on the safe side. However, when an accurate
control is applied the volumetric weight can be
maintained closer to the lower limit, which implies

a reduced consumption of the basic material and thus
a reduction of costs, which is not unimportant if

the manufacture of large quantities is concerned.

At the same time there will be obtained, without
doubt, an acceptable product, thus less scrapping and
fewer complaints.

By the method according to the invention which
has obtained the characteristics of claim 1 and is
well suited to be integrated with existing manu-
facture processes, said accurate control of the
volumetric weight of the expanded material is made
possible.

For practising the method the invention also
relates to an apparatus according to claim 8.

The invention will be explained in more detail
below, applied to the pre-expansion of polystyrene
material, reference being made to the accompanying
drawings which disclose an illustrative apparatus
for practising the method of the invention.

In the drawings

FIG., 1 is a diagrammatic view of the apparatus;

FIG.\Z is an enlarged side view of a weigher

tray included in the apparatus;

FIG. 3 is a plan view of the weigher tray

in FIG. 2; and

FIG. 4 is a diagram showing variations of the

volumetric weight over the time when the control

according to the invention is applied.
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With reference to FIG 1 a polystyrene granulate
which conta1ns a foam1ng agent, for examp]e pentane,
and may have a polymetric weight of 600 to 700 kg/m
is stored in a-silo 10 from which the granulate can be
discharged by means of a screw conveyar 11 so as to
be supplied to an expansion chamber 12. The screw
conveyor is driven by a drive unit 13 which allows
the rotary speed of the screw conveyor to be set at
different values. In the expansion chamber the
material enters on top of a perforated bottom 14
below which there is provided an inlet 15 for steam
while the expansion chamber at the top thereof has
an outlet 16 for the material which has been expanded
in the chamber. This outlet opens into a shaft 17.

The shaft 17 contains weighing equipment which
is shown in more detail in FIGS 2 and 3. Said
equipment comprises a weigher tray 18 which can have
a volume of for example 20 liters and is supported
in a manner not shown in detail here, by a load
cell in a frame 19 which is mounted over chock
absorbers in the shaft 17. The load cell is not shown
in detail because it can be mounted in a manner common-
1y known and applied in the weighiﬁg technique,
but the connection for receiving the signal from the
load cell is indicated at 20. The bottom of the
weigher tray consists of two pivotable bottom doors
21 which can be pivoted between a horizontal closed
p051t1on and a swung down opened position which is
1nd1cated\by dash lines in FIG. 2. Furthermore,
there is provided above the weigher tray a deflector
which consists of a plate 22 pivoted at the upper
edge thereof, and a plate 23 mounted for plane
parallel displacement in relation to the plate 22,
said deflector being inoperative in the positon
shown by solid Tines in FIG. 2, but can be adjusted
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to an operative pos1t1on which 1is shown by dash
11nes in FIG. 2. The operation of the bottom doors
between closed and opened positions and the operat1on
of the deflecter between operative and inoperative
positions preferably is accomplished by means of
pneumatic cylinders which are not shown here, how-
ever, because the application of such cylinders can
easily be arranged by the man skilled in the art
without detailed instructions. When the deflector is
in the inoperative position and the bottom doors are
in closed position, the weigher tray 18 receives
material which has been expanded in the expansion
chamber 12 and is delivered therefrom through the
outlet 16. When the tray is full, the deflector is
adjusted to the operative position, material at the
same time being wiped off along the upper edge of
the weigher tray. Then, when the deflector has
reached the operative position, it prevents expanded
material which is being supplied to the shaft, from
falling down into the weigher tray such that the
material will instead fall down laterally of the
weigher tray. Below the shaft there is provided a
so-called fluidized bed 24 for the reception of the
material falling down through the shaft, material
falling down laterally of the weigher tray as well
as material which has been collected in the weigher
tray and after having been weighed is discharged
therefrom by the bottom doors being opened. In the
f1u1d1zed\bed the expanded material shall be dried
and cooled then to be stored and used for the manu-
facture of for example insulating slabs of expanded
polystyrene.

In the weigher tray 18 there is arranged a
humidity meter 25, and in the expansion chamber 12
there is arranged a temperature sensor 26 located
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above the perforated bottom 14 spaced therefrom to
measure the temperature in the expans1on zone. These
two transducers together with the load cell 20 are
connected to a-microcomputer 27 as has been indicated
by dot-and-dash lines in FIG. 1. The computer is
connected to a printer 28 and also to the. drxve un1t
13 of the screw conveyor 11 as has been 1nd1cated by
dash lines in FIG. 1, so as to control by the output
signals thereof the printer and the drive unit.

Said output signals are dependent of the processing
of data supplied, inter alia the signals from

the transducers, which takes place in the micro-
computer according to the program integrated there-
with.

As the polystyrene granulate is fed from the
silo 10 into the expansion chamber 12 by means of
the screw conveyor 11 the polystyrene is expanded in
the expansion chamber by being heated with steam
supplied at 15 and passing through the perforated
bottom 14. The expanded polystyrene material raises
in the expansion chamber during the expansion, the
volumetric weight thereof being reduced from 600 -
700 kg/m3 to for example 15 - 20 kg/m3. The period

‘during which the material stays in the expansion

chamber is dependent of the desired final volumetric
weight; in the example given herein a period of

3 - 6 minutes may be expected. The expanded material
passes through the outlet 16 at the upper end of the
expansio}\phamber into the shaft 17 and falls down
through the shaft. Once every minute a predetermined
quantity of the expanded polystyrene fis weighed in
the weigher tray 18, namely 20 1iters as previously
mentioned, by the material falling down being collect-
ed in the weigher tray when the deflector 22, 23
thereof is inoperative., When the tray is full, the
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deflector is adJusted to the operative position. The
material received by the weigher tray then is weighed
at level measure, the signal of the lead cell 20,
representing the weight M of the quant1ty measured
being supplied to the computer together with a signal
from the humidity meter 25, which represents the
moisture content F of the material that has been
weighed. Then the bottom doors 21 are opened and

the weighed material is dumped onto the fluidized
bed 24 wherein this material together with such
expanded material as have passed laterally of the
weigher tray during the weighing, is allowed to

dry and cool before it is transferred to a storage
wherein the material is allowed to stay for a pre-
determined period in order to allow air to diffuse
into the cells before the material is used in the
manufacture of insulating slabs.

The operations described for the adjustment of
the deflector 22, 23 and the bottom doors 21 can be
controlled by means of a timer or from the micro-
computer 27.

In the microcomputer the signals supplied are
processed for the calculation of the actual volumetric
weight at the prevailing moisture content and are
compared with a programmed adjustable nominal value
of the volumetric weight. At the same time the
temperature in the expansion zone is registered. Said
comparisgn can be performed either by the absolute
difference. between the actual value and the nominal
value of the volume weight being established or by
the change tendency of the actual value (increasing
or decreasing) being established. It is preferred to
use said latter type of measurement, derivative
measurement, and in that case two points of measuring
following one after the other, are required. If the
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measurement 1nd1cates an increasing volumetric weight,
the computer 27 supp11es a S1gnal to the dr1ve unit
13 of the screw conveyor 11 for decreas1ng the speed
thereof and thus decreasing the supply of material
per unit of time such that the raw material supplied
to the expansion chamber 12 will have a longer duration
of stay in the expansion chamber and thus will be able
to expand more, which means a lower volumetric weight.
However, if the measurement indicates a decreasing
volumetric weight, the microcomputer will supply a
signal to the drive unit of the screw conveyor, by
which the supply of raw material will be increased.
Since a change of the rate at which the granulate is
supplied to the expansion chamber effects a change
of the volumetric weight of the expanded material
with some delay, it is suitable to allow a predeter-
mined period from the time at which a change of
the supply rate is called for by the microcomputer;
to the time of the next change, and for this reason
it is suitable after two measurements following one
on the other, which initiate an adjustment signal
from the microcomputer to the drive unit 13 of the
screw conveyor 11, to allow a predetermined number of
measurements without any steps being taken, before
a further adjustment signal is supplied to the
drive unit.

The actual value of the expanded polystyrene
mater1a1 will vary about the nominal value set in
the m1crocomputer. This is illustrated in FIG. 4
where the vertical axis indicates the time and the
horizontal axis indicates the value of the volumetric
weight. From the time to to the time t, the actual
value of the volumetric weight represented by the
curve 29, has varied about the nominal value B set,
which is represented by the horizontal axis B in
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FIG. 4. As will be seen variations have taken place
upwards and downwards in relation to the nominal value
set, sa1d varxat1ons being maintained, however, within
the desired limits due to the application of the

-~ control proposed according to the invention. However,

the average value of the volumetric weight of the

product produced will be dependent of how long and
how much the volumetric weight has been above and be-
Tow, respectively, the nominal value set. Considering
the production technique it is desired that the
average value of the volumetric weight of the
expanded polystyrene material produced is the same
from one day to the other and equals the nominal
value set such that there is obtained a final product
wherein the expanded polystyrene material is included,
which is of uniform quality and satisfies an estab-
lished standard. In order that this shall be achieved
the following procedure is followed. The deviations
from the nominal value B set are integrated in the
microcomputer over the period tg - t4 and the average
value of the volumetric weight for this period is
calculated in the microcomputer, which can be
accomplished without the necessity of using complicat-
ed programs. Then, a modified nominal value is
calculated in the microcomputer, which should be used
for the control during the following period, that is
from the time t7 to the time t, in order to keep the
productign on the desired average value {the nominal
value B) of the volumetric weight. If it is assumed
that this calculation produces the nominal value B',
the continued control takes place with reference to
this nominal value from the time t; to t,. The
control during this period will of course produce an
average value with some deviation from the nominal
value B' modified in the computer, in the same manner
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as during the proceeding period. Therefore, the
control then continues in the same manner during

the following period, a modified nominal value B'
being set in the computer in order to obtain over the
total df'theperiodsa volumetric weight which sub-
stantially equals the nominal value B set. The |
intervals tg - t1 and t; - t, etc. can be chosen

to be for example half an hour to one hour.

Over the computer 27 the measured and calculated
values of the quantities measured and of the volu-
metric weight calculated may be printed at desired
intervals on the printer 28 where also the times
as well as other data may be given,which have
reference to the pre-expansion and the material used.

The method of the invention can be practised by
using other apparatus than that described herein.
However, the apparatus described has been found to
be well suited for practisSing the invention.
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CLAIMS

1. Method for measuring and controlling the
volumetric weight of,én'expanded particulate material,
characterized by the steps of measuring
the moisture content (F) and the volumetric weight
(M) of the expanded material, comparing the measured
volumetric weight with a nominal value (Bl) of the
volumetric weight at the measured moisture content,
and controlling the expansion of the material in
dependence of the comparison.

2. Method as claimed in claim 1, c har a c -

terized in that the comparison is performed

by derivative measurement.

3. Method as claimed in claim 1 or 2, ¢ h a -
racterized in that the measurement is
performed at predetermined intervals.

4, Method as claimed in claim 3, char ac -
terized in that the control is performed at
times which are spaced apart a predetermined number
of measurement intervals.

5. Method as claimed in any of claims 1 to 4,
characterized in that an operative
quantity affecting the expansion of the material is
controlled in dependence of the measured value of
the volumetric weight.

6. Method as claimed in claim 5, c har a c -
terized in that the controlled operative
quantity comprises the amount of raw material to
be expan&a@, which is supplied per unit of time.

7. Method as claimed in any of claims 1 to 6,
characterized in that existing
deviations from the nominal value (B) are integrated
over a period (tg - t]), that the average value of
the volumetric weight is calculated, and that
the volumetric weight is controlled in accordance
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with a modified nominal value (B') during a follow-
ing perioq (t]'- tz) to provide an average va]ue
over the added periods, which substantially equals
the predetermined nominal value (B) set.

8. Apparatué for practising the method as claimed
in any of claims 1 to 7 compfising an'expansion cham-
ber (12) and means (11, 15) for the supply of raw
material to be expanded, to the expansion chamber,
characterized by means (18, 25) for
measuring the volumetric weight (M) and the moisture
content (F) of the expanded material and supplying
signals which represent the measured values obtained,
a microcomputer (27) receiving the signals supplied
and programmed for comparing the volumetric weight
as measured with a nominal value of the volumetric
weight and the prevailing moisture content of the
expanded material and supplying a signal in dependence
of the comparison made, for the control of said means
(11, 13) for the supply of the raw material, to
increase or decrease the amount of raw material

supplied per unit of time.
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