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Abstract

The aim of this paper is to present a granulate manufacturing machine that will be used for recycling plastics
in a laboratory at the Sapientia University. In order to produce granulates of recycled plastics the plastic part
has to be ground and then extruded. The extruded polymer filament then can be converted to granulates.
We present the working principle, design steps, structure and 3D model of a small scale granulate producing

machine with a cost-effective approach
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1. Introduction

Polymer materials have become indispensab-
le in everyday life in the past couple of decades.
These materials, in different shape, form and pur-
pose are used in the following areas: house-hold
use accounts for 22%, heavy industry 5%, electri-
cal industry 7%, construction 18%, packaging in-
dustry 38%, agriculture 3% and the automotive
industry and other industries use 7%. [1]

Raw polymer material can be manufactured
by the polymerization of monomers, resulting in
high quality materials, or can be produced from
used and discarded polymer material by recy-
cling.

Producing high quality polymer material by
the polymerization of monomers is in most cases
not a sustainable process, since most of the mo-
nomers are produced from crude oil. Furthermo-
re, it should be mentioned that this process is not
an environmentally friendly process. [2]

Recycling of used polymeric material is a sus-
tainable process and helps to solve the problem
of handling plastic waste too. The first step of
recycling plastic material is the selection process
from other waste material. Plastic material in
raw material form in general is either granulate
or powder, however granulate is more desirable.
In order to produce granulate from the selected

plastic waste it has to pass through a production
line. The first step is to grind the plastic waste.
Next, the granulating process follows, that can be
done by having the produced filaments at room
temperature. [3] or at elevated temperature. [4]

When the filament is at room temperature, the
grinded plastic waste is fed into an extruder ma-
chine that melts the plastic and produces a fila-
ment. Next, the plastic filament has to be cooled
down. To cool the filament there are several met-
hods, for example passing it through a water bath
that absorbs the heat or the use ventilators. After
the filament is hardened by the cooling step it is
introduced into the granulate-producing machine
that cuts it into the desired length. [3]

When the produced filaments are at elevated
temperature at the end of the extruder there is an
eccentric rotating knife that cuts the molten fila-
ments as they come out from the tool of the ext-
ruder and then fall into a water bath for cooling
proposes. This technique is more productive and
typically used in the industry however it requires
a large capital investment. [4]

In contrast, when keeping in mind a budget fri-
endly approach the granulate machine that cuts
the filament when it is at room temperature is a
more viable approach. Thus the aim of this work
is to design such a machine
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Figure 1. 3D model of the designed granulate-producing machine

2. The designed granulate producing
machine

2.1. Working principle and 3D modell

Before the granulate-producing stage can be
reached the grinded plastic is introduced into the
extruder to produce a filament which is cooled
to close to RT and fed into the granulate-produ-
cing machine through the feeding hopper. The
feeding hopper is positioned in such a way that it
guides the filament to the rollers that provide the
continuous feeding. There are two rollers in the
feeding mechanism. The upper roller can freely
rotate with the aid of a bearing, and it is connec-
ted to a mechanism that allows the positioning of
roller vertically. This provides the possibility of
introducing filaments with different diameters in
to the feeding mechanism. In order to produce a
force onto the filament a spring is used, thus the
filament is held between the two rollers. The lo-
wer roller is driven by a DC motor thus providing
continuous feeding. By changing the rotational
speed of the roller we can change the length of
the produced filament. The plastic filament then
proceeds to a component that guides the filament
to the rotary knife and also serves as the statio-
nary knife. The stationary knife is attached to the
frame by bolts, in such a way that the vertical and
horizontal position of the knife can be modified.
A rotary knife then introduces shear stress along

the cross-section of the filament that in turn cuts
the filament and produces the granulate. The ro-
tary knife is powered by an AC motor that has
constant speed. The produced granulate then le-
aves the machine by another hopper, designed to
guide the granulate to a collection basket.

2.2. Components

2.2.1. Frame

The frame is a complex part of the machine that
provides the overall shape of the machine and it
supports the different components. . The frame
is built from steel plates and square shaped hol-
lows. The frame is shown on Figure 2. The hori-
zontal plate is manufactured from an 8 mm thick
steel plate, OL50, that contains an opening for the
granulate-guiding hopper. The dimension of the
plate is 300x300 mm? and perpendicular to this
can be found another plate that supports the rota-
ry knife, the stationary knife and the rollers. The
dimension of the plate is 300x200 mm?. The fra-
me furthermore contains two side plates. One of
them contains an opening to feed the instrument
and to connect the feeding hopper. The plates are
welded together and supported by legs made out
of 30x30x3 mm3 square hollows.

2.2.2. Hoppers

The hoppers are made of 2 mm thick sheet met-
al. After cutting each side of the hoppers, welding
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Figure 2. The frame

Figure 3. Feeding hopper

Figure 4. Knife: slab mill

Figure 5. Connecting piece between the electric motor
and the slab mill
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was used to join them together resulting in the
shape presented in Figure 3. The feeding hopper
only differs from the granulate-guiding hopper
by its dimensions. Each hopper is joined to the
frame by 4 bolts and washers. The opening of the
feeding hopper is 8 mm in height that determines
the maximum filament diameter that can be fed
into the machine.

2.2.3. Knife

Keeping a budget friendly approach we have
used a slab mill with 8 teeth instead of a specially
designed rotary knife (Figure 4.). The outer dia-
meter of the slab mill is 65 mm, the width is 40
mm, whereas the diameter of the hole is 28 mm.
The tooth height is 7 mm and the helix angel is
25°. Additionally, a connector piece is necessary
to connect the rotary knife to the shaft of the AC
motor. The connector is shown in Figure 5. In or-
der to transmit the rotary motion and the torque
key, joints are necessary both in the outer and in-
ner diameter, which connect to the slab mill and
shaft of the AC motor, respectively. The keys were
dimensioned to the maximum power of the AC
motor.

2.2.4. Feeding

The function of the rollers (Figure 6.) is to pull
the filament into the machine and to transmit to
the knives. Thus to prevent slippage between the
surface of the rollers and the filament, tacky coa-
ting or rough roller surfaces should be used. The
driven, lower, roller was obtained from a printer
and has rubbery coating. The freely rotating up-
per roller is made of polyamide (PA6) with a tex-
tured surface. The upper roller applies a force to
the filament that is achieved by a spring-loaded
mechanism. In the feeding phase of granulate

Figure 6. Roller with PA6 coating
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production this roller is moved vertically in order
to feed the filament between the two rollers.

2.2.5. Electric motors

The slab mill is directly driven by a 0.09 kW 3
phase AC motor. In order to be able to function
the instrument from monophase (220 V), a 5 pyF
capacitor is introduced in start wiring. The nomi-
nal rotational speed of the AC motor is 1350 rpm.
In order to cut a filament that has a 3 mm diame-
ter we need 9.75 N, accounting for the shear stress
of PET 1.38 MPa at room temperature and area of
the cross-section of the filament, 7.06 mm2. Mul-
tiplying the required force with the radius of the
slab mill will result in the required torque, 0.32
Nm, which translates to 0.045 kW power. [5] The
AC motor is connected to the vertical plate by four
bolts. The driven motor is a DC motor, POLOLU
25Dx54L, which can be controlled by the POLOLU
24v23 control unit. The control unit is equipped
with a USB MINI connector and there is software
to program it. The shaft diameter of the motor is
4 mm, input voltage 6 V, max rotational speed 78
rpm and 0,67 Nm torque. [6]

4. Conclusions

In this work we have presented the working
principle, design and 3D model of a granula-
te-producing machine. The rotary knife type ma-
chine produces granulate with the aid of a slab
mill. We have presented the frame, rotary knife
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and feeding mechanism of the instrument that
are each specially designed. This machine will be
used as a laboratory instrument to help students
to familiarize themselves with the granulate pro-
duction process.
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