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rials are initially identified based on the simulation studies and 
in the next stage of the research, optimization methods they are 
verif ied and optimized on the test stands by the experimen-
tal evaluation of the inf luence of individual parameters. The 
experimental research on the effectiveness of the electrostatic 
separation process can be seen from the perspective of a typi-
cal optimization process in which the values of design param-
eters (voltage, electrode location, etc.) are sought to maximize 
the goal function (quality and throughput of separation). Many 
effective optimization methods could be applied to solve such 
problems. Nevertheless, even applying modern, nature-inspired 
optimization algorithms, like bat or grey wolf algorithms [46–
48], considering high number process parameters (defining the 
search space), the number of goal function evaluations (tests 
performed on the stand) is very high. Therefore, to enable the 
research on the electrostatic separation of plastic materials, the 
development of a dedicated and automated test stand allowing 
one to perform a high number of tests for different process 
parameters is necessary.

The authors described a fully automated test stand dedicated 
to the experiments with plastic waste separation. The test stand 
structure is presented in Fig. 3. In order to analyze the sepa-
ration efficiency, a dedicated vision system developed by the 
authors was used. The vision system application allowed for 
a quick assessment of the impact of particular parameters on 
the degree of separation in the separation process.

The test stand has been designed using professional CAD 
methods allowing one to predict the shape of every part and 
any dimensions of the ES. The design was carried out in the 

Autodesk Inventor CAD environment. The backbone frame of 
the construction is based on the prefabricated aluminum profiles 
and it is assembled as one structure (2). The application of the 
prefabricated aluminum profiles gives the possibility to intro-
duce any changes to connections and corrections of the posi-
tions of main components if needed. The proposed ES was built 
in a modular way. The feeder (1) can be easily converted into 
a free-fall hopper, a vibration feeder device, or a tribo-charging 
bed. The device allows for adjusting the amount of the material 
fed. The next important part of the system is the belt conveyor 
(3) which is responsible for transporting the input material 
from the feeder to the rotating drum. The conveyor is driven 
by a precise industrial servo motor with mechanical gear. The 
application of an advanced industrial servo drive allows for the 
precise control of the linear speed of the belt.

The particles from the belt conveyor are transported to the 
rotating drum (4). The drum is connected to the ground poten-
tial. The drum position is controlled by the second servo motor 
(connected directly to the shaft through the elastic clutch). Both 
servo motors are connected to inverters controlled by the indus-
trial programmable logic controller (PLC). The test stand is 
equipped with corona and deflection high-voltage electrodes. 
The corona electrode (5) can move along two co-planar axes 
to the drum base. The use of the stepper motor enables main-
taining the desired position during the separation process. The 
deflection electrode (6) has also the ability to change posi-
tions and rotation (manually). In the case when input material 
is tribo-charged, the corona electrode can be removed, and its 
automated positioning system can be utilized to control the 
location of the deflection electrode without manual operations. 
The separated material goes to the container for collectors (7) 
located under the drum. The container is divided into 18 seg-
ments. After each test, the container is removed and placed on 
the stand with the vision system. Due to the use of the linear 
card, this operation takes a short period. The electrical cabinet 
(8) is mounted next to the material collectors. The whole elec-
trical equipment of the ES, such as the PLC, inverters, stepper 
motor drivers, and high-voltage (HV) power supply, is placed 
inside the cabinet. Due to the presence of high voltages in the 
range of 5 to 60 kV the cabinet and frame are isolated from 
the high-voltage power supply. The high voltage applied to the 
electrodes has been provided through special, highly insulated 
wires, ensuring proper distances from the conductive elements 
of the test stand.

A numerical model of the electric field of the designed 
device was developed in the Ansys Maxwell environment as part 
of the project. The application of the Finite Element Method 
(FEM) allowed for determining the electric field distribution in 
the studied separator and has been used to define the insulation 
system of the designed ES. The performed studies allowed one 
to reduce the potential risk of damage to the control system and 
to predict the safe location of HV cables. The distribution of 
exemplary electric field lines for the positions of the chosen 
electrodes and high voltage equals 20 kV, as shown in Fig. 4.

In the proposed design, it can be observed that the servo 
motor driving the drum as well as the corona electrode posi-
tioning system are not exposed to high voltage.

Fig. 3. Isometric view of the designed ES system: 1 – material feeder, 
2 – aluminum frame, 3 – belt transporter, 4 – rotating drum, 5 – corona 
electrode, 6 – deflection electrode, 7 – material collectors, 8 – electrical 
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Automated test bench for research on electrostatic separation in plastic recycling application
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3.	 Separator prototype and control algorithm

The prototype of the test bench was developed according to 
the concept proposed during the design process. Nevertheless, 
several minor changes to the initial design have been intro-
duced. The current state of the system is presented in Fig. 5. 
The location of the control panel has been changed in order to 
ensure more ergonomic and easy access to the control functions. 
To reduce the risk of high voltage breakdown in the control 
system, the size of the main cabinet and its location is different 
as compared to the initial design.

The control system of the test stand has been developed 
using the Siemens Totally Integrated Automation Portal (TIA 
Portal) environment. In general, the algorithm of controlling the 
setup has been developed simultaneously with the preliminary 
tests and based on conducted literature studies regarding the 
electrostatic separation process. A schematic view of the devel-
oped control system of the test bench is shown in Fig. 6. The 
developed system consists of an industrial PLC unit equipped 
with a human-machine interface (HMI) panel, four-axis drives, 
an HV power source, a basic safety system, and additional con-
trols and sensors (general purpose relays and light indicators). 
For the drum and the feeder drives, high-class industrial servo 

motors were used. For controlling the corona electrode posi-
tion 2 axes, driven by stepper motors equipped with integrated 
electronics, were used.

4.	 Results of plastic mixture separation

To evaluate the usability of the designed test stand and the effec-
tiveness of the separation process, various tests were conducted 
on the developed prototype. Firstly, all components of the test 

Fig. 4. The electric field distributions excited by the corona and 
deflection electrodes
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dedicated and automated test stand allowing one to perform 
a high number of tests for different process parameters is 
necessary. 

The authors described a fully automated test stand 
dedicated to experiments with plastic waste separation. The 
test stand structure is presented in Fig. 3. In order to analyze 
the separation efficiency, a dedicated vision system 
developed by the authors was used. The vision system 
application allowed for a quick assessment of the impact of 
particular parameters on the degree of separation in the 
separation process. 

 
Fig. 3. Isometric view of the designed ES system: 1 - material feeder,  
2 - aluminum frame, 3 - belt transporter, 4 - rotating drum, 5 - corona 
electrode, 6 - deflection electrode, 7 - material collectors, 8 - electrical 
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The test stand has been designed using professional CAD 
methods allowing one to predict the shape of every part and 
any dimensions of the ES. The designing was carried out in 
the Autodesk Inventor CAD environment. The backbone 
frame of the construction is based on prefabricated aluminum 
profiles and it is assembled as one structure (2). The 
application of prefabricated aluminum profiles gives the 
possibility to introduce any changes to connections and 
corrections of main components’ positions, if needed. The 
proposed ES was built in a modular way. The feeder (1) can 
be easily converted into a free-fall hopper, a vibration feeder 
device, or a tribocharging bed. The device allows for adjusting 
the amount of material fed. The next important part of the 
system is the belt conveyor (3) which is responsible for 
transporting input material from the feeder to the rotating 
drum. The conveyor is driven by a precise industrial servo 
motor with a mechanical gear. The application of an advanced 
industrial servo drive allows for precise control of the linear 
speed of the belt. 

Particles from the belt conveyor are transported to the 
rotating drum (4). The drum is connected to the ground 
potential. The drum’s position is controlled by the second 
servo motor (connected directly to the shaft through the elastic 
clutch). Both servo motors are connected to inverters 
controlled by the industrial programmable logic controller 
(PLC). The test stand is equipped with corona and deflection 
high-voltage electrodes. The corona electrode (5) has the 

ability to move along two co-planar axes to the drum base. The 
use of the stepper motor enables maintaining the desired 
position during the separation process. The deflection 
electrode (6) has also the ability to change positions and 
rotation (manually). In the case when input material is 
tribocharged, the corona electrode can be removed and its 
automated positioning system can be utilized to control the 
localization of the deflection electrode without manual 
operations. The separated material goes to the container for 
collectors (7) located under the drum. The container is divided 
into 18 segments. After each test, the container is removed and 
placed on the stand with the vision system. Due to the use of 
the linear card, this operation takes a short period of time. The 
electrical cabinet (8) is mounted next to the material collectors. 
The whole electrical equipment of the ES, such as the PLC, 
inverters, stepper motor drivers, and high-voltage (HV) power 
supply, is placed inside the cabinet. Due to the presence of 
high voltages in the range of 5 to 60kV the cabinet and frame 
are isolated from the high-voltage power supply. The high 
voltage applied to the electrodes has been provided through 
special, highly insulated wires, ensuring proper distances from 
conductive elements of the test stand. 

A numerical model of the electric field of the designed 
device was developed in the Ansys Maxwell environment as 
part of the project. The application of the Finite Element 
Method (FEM) allowed for determining the electric field 
distribution in the studied separator and has been used to 
define the insulation system of the designed ES. The 
performed studies allowed one to reduce the potential risk of 
damage to the control system and to predict the safe location 
of HV cables. The distribution of exemplary electric field lines 
for the chosen electrodes’ positions and high voltage equals to 
20kV is shown in Fig. 4. 

 
Fig. 4. The electric field distributions excited by the corona and 
deflection electrodes 

 

 
 

 

Fig. 5. A prototype of an automated test stand for the electrostatic 
separation of plastic waste materials

Fig. 6. Schematic view on the control system
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