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Abstract: The paper presents a description of a modern direct screw drive carried out by a torque motor
of a torque 300 Nm, maximum rotational speed 500 rpm and power 15.7 kW. The operation of the torque,
its advantages and disadvantages were described. In the extruder plasticizing system in the feed opening
zone and part of the feed zone, an exchangeable smooth sleeve and a grooved sleeve with 6 or 8 longitudi-
nal grooves were used. For research, low density polyethylene of the commercial name Malen E and sym-
bol FGNX 23-D006 was used. In the extruder barrel, a special screw was mounted 25 mm in diameter and
L/D = 24, with elements of intensive shearing and mixing, constructionally adapted to the grooved sec-
tion. The research was conducted in the wide range of rotational screw speeds from 1.67 to 8.33 rps.

Keywords: single screw extruder, grooved feed extruder, grooved sleeve, direct screw drive, low density
polyethylene.

Efektywnoœæ wyt³aczania polietylenu przy u¿yciu wyt³aczarki jednoœlimako-
wej ze stref¹ rowkowan¹

Streszczenie: Badano proces wyt³aczania polietylenu ma³ej gêstoœci z zastosowaniem wyt³aczarki,
w której œlimak by³ napêdzany bezpoœrednio za pomoc¹ silnika momentowego o momencie obrotowym
300 Nm, maksymalnej szybkoœci obrotowej 500 obr/min i mocy 15,7 kW. W uk³adzie uplastyczniaj¹cym
wyt³aczarki, w strefie zasypu i czêœci strefy zasilania zastosowano wymienn¹ tulejê g³adk¹ oraz tulejê
rowkowan¹ z 6 oraz 8 rowkami wzd³u¿nymi. W cylindrze wyt³aczarki zamontowano œlimak specjalny
o œrednicy 25 mm i stosunku L/D = 24, z elementami intensywnego mieszania i œcinania, przystosowany
konstrukcyjnie do strefy rowkowanej. Badania prowadzono w szerokim zakresie szybkoœci obrotowej
œlimaka, od 1,67 do 8,33 s-1. Dla ró¿nych rozwi¹zañ konstrukcyjnych strefy rowkowanej wyznaczono za-
le¿noœci: masowego natê¿enia przep³ywu tworzywa, mocy pobieranej przez wyt³aczarkê oraz jednost-
kowego zu¿ycia energii, od szybkoœci obrotowej œlimaka. Stwierdzono, ¿e zastosowanie tulei z 6 row-
kami skutkuje zwiêkszeniem masowego natê¿enia przep³ywu tworzywa (odpowiednio, 17,5 %; 8,6 %;
5,5 %; 3,2 % oraz 5,7 %) w porównaniu z wartoœci¹ uzyskiwan¹ w przypadku wykorzystania tulei z po-
wierzchni¹ wewnêtrzn¹ jednolit¹ geometrycznie. Zastosowanie tulei z oœmioma rowkami wp³ywa na
dalsze zwiêkszenie natê¿enia przep³ywu, jednak tylko w ograniczonym zakresie szybkoœci obrotów œli-
maka. Obliczone wartoœci jednostkowego zu¿ycia energii s¹ bardzo obiecuj¹ce. Wyniki wskazuj¹, i¿
wykorzystanie we wspó³czesnych wyt³aczarkach silnika o sta³ym, du¿ym momencie obrotowym, nieza-
le¿nym od szybkoœci obrotowej i przenosz¹cym napêd bez przek³adni redukcyjnej, jest uzasadnione eko-
nomicznie.

S³owa kluczowe: wyt³aczarka jednoœlimakowa, wyt³aczarka ze stref¹ rowkowan¹, tuleja rowkowana,
napêd bezpoœredni œlimaka, polietylen ma³ej gêstoœci.

The increase in the flow rate and pressure of the poly-
mer in the plasticizing system, as well as the increase of
temperature can occur due to the increase of the polymer
friction. An effective method to increase the friction on the

barrel surface is making appropriate grooves [1] on a sec-
tion of the barrel length which results in the increase and
stabilization of the polymer flow rate [2]. Usually, the in-
crease in the flow rate is from 20 to 100 % and sometimes
even more [3—5]. The grooves, whose depth is the biggest
in the feed opening section and usually decreases gradual-
ly in the feed section, can be longitudinal or helical and are
characterized by a small helix angle of a flight [6—8]. The
grooved feed section requires intensive cooling which un-
fortunately results in the slight worsening of power engi-
neering indicators of the extrusion process [9—11].
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In the Department of Polymer Processing of the
Lublin University of Technology a research has been
conducted for quite a long time in order to improve
single screw extruder plasticizing systems. It can be
done through the changes in the barrel design consist-
ing in the introduction of an active grooved section
with longitudinal or helical grooves, rotational barrel
segment and modern direct screw drives [4, 12—23].
One of the accepted improvement trends in the deve-
lopment of plasticizing systems is the advancement of
the grooved barrel section. The presented research,
which is a continuation of earlier studies, constitutes a
part of a bigger investigation carried out within the
framework of the research project financed by the Po-
lish Ministry of Science and Higher Education. The
aim of the research is to define the influence of cons-
tructional changes in the feed opening and feed zone
and of using a direct, without a gear, screw drive, on
selected characteristics of the extrusion process. The
investigation consisted in the measurement, during
the extrusion process of low density polyethylene, of
the directly defined parameters and on that basis, the
calculation of values characterizing this process, such
as polymer output, power taken by the extruder and
total energy consumption per unit mass. The usage of
the torque rotor enabled the measurements in the wide
range of the rotational screw speeds from 1.67 to
8.33 rps.

Using a modern direct drive of higher efficiency, com-
pared to the traditional solution with a gear, brings econo-
mical benefits for the extrusion process. Transferring the
drive directly from the rotor shaft to the screw shaft makes
it necessary to use the cutting edge electronically control-
led torque rotor. Torque rotors are AC synchronous rotors
with permanent magnets. They are characterized with
high efficiency (up to 95 %), rigid mechanical characteris-
tics, smooth, silent and maintenance-free operation. Rotors
of this type, however, require inner cooling with water,
which makes it necessary to use a water thermostat.

EXPERIMENTAL PART

Materials

For research, there was used low density polyethylene
of the commercial name Malen E and symbol FGNX
23-D006, produced in the form of pellets by Basell Orlen
Polyolefins company [24]. Polymer pellets were in the
shape of elliptic rolls with circular edges and average
dimensions: length of a major axis 4.4 mm, length of a mi-
nor axis 3.8 mm and height 3.0 mm.

Basic properties of this polymer, according to the pro-
ducer, are the following: density 0.919—0.923 g/cm3,
mass flow rate MFR(190 °C, 2,16 kg) from 0.6—0.9 g/10 min,
breaking stress 12 MPa, Vicat softening point 90 °C. The
polymer does not contain antioxidants or other modify-
ing additives.

Research station

The investigation of the grooved feed extruder with a
direct screw drive was conducted at the special research
station equipped with an extruder with an original plasti-
cizing system, presented in Fig. 1. The design of the ex-
truder plasticizing system enables to change the barrel

sleeve in the feed opening zone and part of the feed zone.
During the measurements there were used sleeves of geo-
metrically uniform inner surface — smooth or grooved
with 6 or 8 longitudinal grooves (Fig. 2). Sleeve grooves
had a trapezoid cross-section shape, width at the screw
5 mm and width at the bottom 4.5 mm. The grooves had
the biggest depth in the feed opening zone = 1.5 mm and
disappeared at the length of the feed zone (200 mm). The
station was also equipped with slit extruder head for ex-
truding flat bars, sensors of processed polymer pressure
and temperature, a measurement system for data collec-
ting and processing integrated with a computer, control
panel, water thermostat and other component elements.
An example of a control screen of the computer measure-
ment system is presented in Fig. 3. In the extruder there
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Fig. 1. Plasticizing system, extruder head and torque motor as

parts of the research station

Fig. 2. Cross-section of the sleeves with a) 6 or b) 8 longitudinal

trapezoid shape grooves



was used a special screw 25 mm in diameter and L/D = 24
with elements of intensive shearing and mixing, shown
in Fig. 4, designed for processing of low density poly-
ethylene and constructionally adapted to the grooved
section. The screw was driven directly by a modern Sie-
mens 1FW3154 torque rotor of the power 15.7 kW and

torque 300 Nm with Siemens SINAMICS S120 control
system, which enables a continuous adjustment of the
rotational speed in the range 0—8.33 rps.

Research program and methodology

The set temperature in particular zones of the extru-
der plasticizing system, selected on the basis of literature
[25—28] and own experiments, was in the particular zo-
nes TI = 80 °C, TII = 160 °C, TIII = 170 °C, TIV = 180 °C, TV =
175 °C, and the temperature of extruder head was TVI =
165 °C and TVII = 165 °C. In the feed opening zone cooled

by water thermostat the set temperature was T0 = 40 °C.
The measurements were conducted at the screw speed
ns = 1.67, 3.33, 5.00, 6.67 and 8.33 rps.

After each change of the screw speed the process was
stabilized before conducting measurements, which in
most cases was achieved in a satisfactory extent after
about 15 minutes.

It was assumed that the extrusion process is characte-
rized by the following directly measured parameters:
mass of the extrudate measured length, temperature of
the barrel wall in the defined places of the plasticizing
system and extruder head, temperature of the processed
polymer in the flow channel before the extruder head and
polymer pressure in the defined places of the plasticizing
system. The following parameters were determined indi-
rectly: polymer output, power taken by the extruder and
energy consumption per unit mass.

Measurements of mass flow rate MFR(190 °C, 2.16 kg),
g/10 min, in the samples of processed polymer and recei-
ved extrudate were conducted in accordance with
PN-EN ISO 1133:2006. The samples were taken randomly
out of the whole processed polymer batch and received
extrudate at the lowest and highest screw speeds in the
study.

RESULTS AND DISCUSSION

Figure 5 presents the pressure distribution of the pro-
cessed polymer along the plasticizing system in the stu-
died range of screw speed in three constructional solu-
tions of the grooved section used in the research.

It was found out that the application of the sleeves
both with 6 and 8 grooves in the grooved barrel section
causes a considerable increase in the pressure of the pro-
cessed polymer measured at the end of the grooved sec-
tion in relation to the pressure in the smooth geometrical-
ly uniform sleeve.
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Fig. 3. Example of a control screen of the computer measurement

system

Fig. 4. Special screw 25 mm in diameter and L/D = 24 with ele-

ments of intensive shearing and mixing, designed for processing

of low density polyethylene; screw zones: I — feeding zone, II —

compression zone, III — plasticizing zone, IV — decompression

zone, V — mixing zone, VI — metering zone
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At the lowest screw speed 1.67 rps after using the
6-grooved sleeve the polymer pressure increased 2.8 ti-
mes (from 4.3 to 7.8 MPa), while after using the 8-grooved
sleeve it increased 6.8 times (to 29.0 MPa). After increas-
ing the screw speed to the highest from the studied ones
8.33 rps the pressure at the end of the grooved section
with 6 grooves equaled to 16.2 MPa and was higher than
the one at the lowest screw speed. In the case of the remai-
ning sleeves, smooth geometrically uniform and 8-groo-
ved sleeve, the polymer pressure at their ends decreased
to 0.01 MPa and 21.3 MPa, respectively. Changes in the
pressure of the processed polymer in the next, IIIrd zone
of the plasticizing system were of a similar character ex-
cept for the smooth geometrically uniform sleeve whose
pressure had the highest value of 8.4 MPa. Differences
between the polymer pressure in the next zones of the
plasticizing system (IVth and Vth), when using the stu-
died sleeves, were smaller and smaller. The polymer
pressure at the highest of the studied screw speeds was
clearly higher than the one at the lowest screw speed.

The selected research results of the parameters defi-
ned indirectly are presented graphically in Figs 6—9.

Figure 6 shows the dependence of polymer output in
the function of the rotational screw speed in different
constructional solutions of the grooved section used in
the research.

Based on the received results it was stated that using
the sleeve either with 6 or 8 grooves in the grooved barrel
section caused the increase of polymer output in compa-
rison with the one received for a smooth geometrically
uniform sleeve. The increase of polymer output for the
6-grooved sleeve in relation to subsequent screw speeds
equaled respectively to 17.5, 8.6, 5.5, 3.2 and 5.7 %. Using
the 8-grooved sleeve resulted in the further increase of
polymer output in comparison with the one received for
the 6-grooved sleeve. However, the increase occurred in

the limited to 3.33 rps range of screw speeds. The increase
of screw speed equaled to 20.4 and 7.4 % in relation to the
respective screw speeds 1.67 and 3.33 rps. At the screw
speeds in the range between 5.00 and 8.33 rps the recei-
ved results corresponded to the ones received for the
6-grooved sleeve.

The dependence of the power taken by the extruder
on the screw speed in different constructional solutions
of the grooved section is shown in Fig. 7. The increase in
the screw speed resulted in the increase in the power ta-
ken by the extruder. When a smooth geometrically uni-

form sleeve was used, this increase was the least inten-
sive. When the screw speed was five times bigger, be-
tween 1.67 and 8.33 rps the power taken by the extruder
increased by 64 % (from 5.1 to 8.4 kW). Using both groo-
ved sleeves resulted in the more intense increase of the
power taken by the extruder together with the increase of
the screw speed. The power taken by the extruder for
both grooved sleeves had similar values, e.g. at the
highest screw speed equaled to 10.8 kW — for the 6-groo-
ved sleeve and 10.4 kW — for the 8-grooved sleeve.

The dependence of total energy consumption per unit
mass on the screw speed in different constructional solu-
tions of the grooved section is presented in Fig. 8. At the
lowest studied screw speed and smooth sleeve, the total
energy consumption per unit mass equaled to 2.7 kJ/g. At
the same screw speed, the usage of either the 6-grooved
or 8 grooved sleeve resulted in the decrease of energy
consumption per unit mass by 30 % to 1.9 kJ/g.

The increase in the screw speed caused the further
decrease of energy consumption per unit mass as a result
of the outweighing increase of polymer output in compa-
rison with the increase of the conducted energy flux.
When the screw speed increased five times from 1.67 to
8.33 rps the total energy consumption per unit mass de-
creased by 70 % (to 0.8 kJ/g) when the smooth geometri-
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cally uniform sleeve was used, while for both grooved
sleeves it decreased by 49 % (to 0.96 kJ/g).

Figure 9 presents the results of the measurements of
mass flow rate MFR(190 °C, 2.16 kg) of the samples taken from
the received extrudate in three studied constructional
solutions of the grooved section at the lowest and highest
of the studied screw speeds. They showed very little va-
riety of received average values.

The arithmetic mean calculated from all studied sam-
ples equaled to 0.78 g/10 min. Because the mean from
measurements of 10 samples taken randomly from the
whole batch of the processed polymer equaled to MFR(190

°C, 2.16 kg) = 0.78 ± 0.002 g/10 min, it can be claimed that the
processed polymer did not undergo disadvantageous
changes.

CONCLUSIONS

Based on the received results it was stated that using
the sleeve either with 6 or 8 grooves in the grooved barrel
section resulted in the increase of polymer output in com-

parison with the one received when using smooth geo-
metrically uniform sleeve. Using the 8-grooved sleeve in
the grooved barrel section causes the further increase of
polymer output in comparison with the one received
when using the 6-grooved sleeve but only in the limited
range of screw speeds.

The energy consumption per unit mass when using
the sleeve with either 6 or 8 grooves is clearly lower than
the one for the smooth geometrically uniform sleeve in
the screw speed range from 1.67 to 3.33 rps. At higher
screw speeds it has similar values.

The studied constructional solutions of the grooved
section have no significant influence on the value of the
mass flow rate of the received extrudate.

The received results show that using in contemporary
extruders a rotor with a constant high torque, indepen-
dent from the rotational speed and transferring the drive
without the gear is economically justified.
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