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Triboelectric generators have the ability to harvest energy from human activities, 
mechanical vibration, and other sources to drive minor electronic devices. In many 
circumstances, charges created from a triboelectric process are referred to as a negative 
effect or waste energy. Here, this paper will demonstrate an approach of the charging 
process in friction with a rotator and stator to investigate the effects of rotating speed 
and the different thickness of electrification to the output voltage. The 360° lateral 
sliding disc triboelectric generator (TEG) fabricated by connecting an Aluminium disc to 
the motor as a rotator, while a Polyvinyl Chloride (PVC) sheet placed at the top of an 
acrylic coated by a copper electrode served as a stator. PVC material with different 
thicknesses (0.2, 0.5 and 0.7 mm) and grit sizes were used (P500, P1000 and P1500) and 
prepared prior to the experiment. Thus, three different rotational speeds (500, 1000 
and 1500 rpm) were monitored using a tachometer to standardize the speed for each 
set of experiment. Such as a TEG at 1500 rpm on a 0.2 mm thick sample with P500 grit 
size modification delivers a maximum voltage output, VRMS of 13.8 mV, with the 
maximum calculated current of 69 µA and the maximum power density of 0.485 
mW/m2. 
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1. Introduction 
 

A severe energy crisis may be a major factor limiting the quality of life. Even so, maintaining 
energy derived from natural resources remains one of humanity's biggest challenges [1]. By 2022, 
there will be 7.9 billion people on the planet, which will result in a rise in demand for power 
generation that is more efficient and produces fewer emissions [2]. The most effective way to reduce 
greenhouse gas emissions might be to introduce sustainable, new, and renewable energy [3]. 
Nanotechnology-based energy harvesting, and conversion devices have lately attracted more 
attention since they are projected to be essential for creating and operating self-powered 
nanodevices and nanosystems [4-10]. 
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In general, materials properties can be modified to fit the anticipated component application by 
altering their chemistries and processing [10]. The first piezoelectric nanogenerator that effectively 
converted mechanical energy into electricity was shown in 2006 by a team from the School of 
Material Science and Engineering at Georgia Institute of Technology [11]. In contrast, triboelectric 
associated electrostatic phenomena are most prevalent in our daily lives, from walking to driving, but 
they haven't been considered as an energy source for electricity. It would be fantastic if one could 
produce electricity using the electric charges or potential created by a tribological process. In these 
circumstances, a 2012 invention known as a triboelectric generator (TEG), which converts mechanical 
energy to electrical energy by frictional contacts between two different polarities of material, serves 
as a viable solution and plays a crucial role in the development of environmentally friendly energy 
sources [12]. 

In 2018, a team of researchers from the University of Surrey's Advanced Technology Institute 
provided an in-depth, detailed, and clear view of TEG due to its capacity to power Internet of Things 
(IoT) devices, wearable devices, and self-powered electronic applications. According to research, a 
TEG can produce 0.22 mW/m2, which is enough to illuminate 48 light-emitting diodes (LEDs) [13]. In 
order to unlock the full potential of the TEG system, it makes sense to modify the material used to 
improve the energy generated. The power output of the TEG was influenced by several factors, 
including the material, shape, size, and motion input [14-17]. 

The purpose of this paper was to explore the effect of regulating the rotating speed of an 
aluminium disc with varied thicknesses and surface roughness of a polyvinyl chloride (PVC) on the 
electrical power generation using 360° Lateral Sliding Disc TEG’s system. Aluminium occupies a high 
rank in the triboelectric series as a positive triboelectric material with a strong electron donor 
property, while PVC occupies a lower rank as a negative triboelectric material because of its high 
electron acceptor property. The transmission of charge increases with the distance between these 
two materials in a triboelectric series, increasing the theoretical possibility of producing more power. 
(PVC), a type of plastic material, is one of the most widely used and produced [18]. This is due in large 
part to PVC's favourable mechanical properties, high chemical resistance, and resistance to water 
and environmental elements, in addition to its low production costs [19]. Consequently, a 
summarized conclusion and some remarks pertaining to the findings are established. This work 
provides an excellent opportunity to interrogate TEG's potential as new energy technology from a 
material’s point of view. 
 
2. Experimental Details 
 

The 360° lateral sliding disc TEG required a single pattern rotator and two layers of stator to 
operate. The rotator in this case shown in Figure 1(a) is made up of 10 radially arrayed aluminium 
disc that is rotated by a DC motor. The stator shown in Figure 1(b) is constructed of an acrylic with a 
copper foil on top with 10 separated gaps in between as an electrode. The system must have this 
rotator-stator complementary pattern in order to produce AC output. While the bottom part of an 
acrylic disc served as an insulator, preventing any electron loss from the device. Lastly, the PVC sheet 
material used in this study acts as an electrification layer of TEG. 
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(a) (b) 

Fig. 1. (a) 10 radially arrayed aluminium disc 
(rotator), (b) Copper foil Electrode with an 
acrylic base (stator) 

 
The 2D illustration of 360° lateral sliding disc TEG setup was shown in Figure 2 equipped with DC 

power supply to rotate DC motor attached with an aluminium rotator. The DC motor and all of the 
rotator parts were then gravity-released toward the PVC sheet at the top of the stator throughout 
the experiment. This ensures that constant pressure is applied to each PVC sheet, thereby minimising 
the gap between them. Then, the aluminium rotator will frictionally rotate above various static PVC 
sheets. Two lead wires are used as the positive and negative connections and are linked in parallel 
with a load resistor to transfer the generated power signal from the copper electrode to the 
oscilloscope. Thus, a Tektronix DPO2002B oscilloscope was used to measure the voltage output and 
display the signal while the current and power density were calculated across a 220 Ω resistor acting 
as a dummy load. 
 

 
Fig. 2. 360° Lateral Sliding Disc TEG Setup 

 
Prior to the experiment, surface modification was performed using sandpaper on PVC materials 

with three different thicknesses, 0.2, 0.5, and 0.7 mm. According to a previous study conducted at 
Donghua University in Shanghai, the ideal thickness rises from 0.5 mm to 0.7 mm [20]. Therefore, the 
purpose of this study was to determine whether or not the ideal thickness could be as low as 0.2 mm. 
Sandpaper with P500, P1000 and P1500 grit sizes were used to differentiate as sample for each set 
of experiment and rubbed 50 times in a row in one direction with constant pressure. Due to closer 
contact and more sufficient friction, large grit sizes (above 2000) were used in a prior study conducted 
in 2017 [21]. However, in this instance, different P500 levels for each grit size were used to examine 
the effects of the lower grit sizes. The grit size shows that the lower the number of P, the rougher the 
sandpaper’s surface. Following that, isopropyl alcohol was used to clean each sample of PVC. The 
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roughness measurement values, Ra of the sample was determined using the SJ-310 Mitutoyo Surface 
Roughness Tester before and after running the experiment. The roughness of PVC is constant at 0.169 
µm when purchased. As a result, its roughness increases accordingly upon rubbing with sandpaper 
following the grit size numbers as described. 

The Royal Society of Chemistry reported in research from 2021 that the TEG can effectively 
recycle spinning mechanical energy to power various electrical devices at an impressively high 
rotational speed of 7500 rpm [22]. In this experiment, substantially lower rotational speeds were 
tested, ranging from 500 to 1500 rpm, to see if TEG could still provide adequate power. Therefore, 
three different rotational speeds; 500, 1000, and 1500 rpm have been used as parameters in this 
study. These speeds were measured by the mini non-contact tachometer UT373. A DC power supply 
was used to run the DC motor that was attached to the rotator, and it was able to regulate the input 
voltage and current to achieve the specified rotational speed values. As a result, Table 1 below 
contains a list of the 27 PVC sheet samples tested. 
 

Table 1 
Sample list of PVC 
Sample Thickness 
(mm) 

Rotational Speed 
(RPM) 

Grit Size  
(P) 

0.2 500 P500 
P1000 
P1500 

1000 P500 
P1000 
P1500 

1500 P500 
P1000 
P1500 

0.5 500 P500 
P1000 
P1500 

1000 P500 
P1000 
P1500 

1500 P500 
P1000 
P1500 

0.7 500 P500 
P1000 
P1500 

1000 P500 
P1000 
P1500 

1500 P500 
P1000 
P1500 
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3. Results and Discussion 
3.1 Effect of Grit Size on Voltage Output, VRMS 
 

Figure 3(a) to Figure 3(c) depict the impact of grit sizes on voltage output, VRMS, at different 
sample thicknesses. The grit size used in this work determines the surface roughness of the sample. 
The greater the number of grit sizes, the smoother the surface material. According to Figure 3(a), the 
pattern exhibits a drop in VRMS of 20.1% when the sample’s thickness is 0.2 mm, going from 12 mV at 
P500 to 9.81 mV at P1000 and 9.2% to 8.83 mV at P1500. This pattern resembled a 0.5 mm thickness 
sample's voltage output, which drops sharply from 11.8 mV at P500 to 9.76 mV at P1000 by 18.9% 
before decreasing by 9.6% to 8.87 mV at P1500. This demonstrates that the voltage output value for 
each grit size is slightly lower at 0.5 mm thickness than at 0.2 mm thickness. After the sample's 
thickness was increased to 0.7 mm, the VRMS steadily dropped from 10.7 mV at P500 to 8.63 mV at 
P1500, a drop of 11.7% and then 9.8%. 

Meanwhile, Figure 3(b), which portrays the intermediate speed of rotation at 1000 rpm and a 
pattern with 0.5 mm and 0.7 mm thickness for P1000 grit size, reveals a very distinct pattern. When 
the sample’s thickness is 0.7 mm, the VRMS increased by 0.1% from 9.95 mV at P500 to 9.96 mV at 
P1000 before decreasing by 9.2% to 9.08 mV at P1500. While VRMS continues to be 11.4 mV at P500 
and P1000 before abruptly falling to 9.28 mV at P1500 by 20.5%. In other words, the findings for 0.5 
mm and 0.7 mm are pretty consistent across P500 and P1000, maybe because the effect for both grit 
sizes is comparable in this scenario. This might be due to unforeseen noise, which is an essential 
factor to consider before doing the experiment. In Figure 3(b), where the sample size is 0.2 mm, 
displays a similar trend to Figure 3(a). The VRMS decreases dramatically, by 17.2%, from 12.6 mV at 
P500 to 10.6 mV at P1000, subsequently falling by 9.7% to 9.62 mV at P1500. 

Figure 3(c) illustrates three distinct drop styles ranging from P500 to P1000. VRMS drops by 18.2% 
from 13.8 mV, which is the highest VRMS value to 11.5 mV when the sample is 0.2 mm thick. When 
the sample was enlarged to 0.5 mm, the VRMS reduced by 6.7% from 12 mV to 11.2 mV. However, the 
VRMS drops by 0.9% from 11.3 mV to 11 mV with 0.7 mm thickness, and this trend is nearly identical 
from P1000 to P1500 for 0.2 mm and 0.5 mm thickness’ samples. At 0.2 mm thick, the VRMS declined 
by 2.6% from 11.5 mV to 11.2 mV, and at 0.5 mm thick, it reduced by 2.7% from 11.2 mV to 10.9 mV. 
The VRMS decreased by 13.2% from 11 mV at P1000 to 9.64 mV at P1500 when the sample was 0.7 
mm thick. 

The graph's overall pattern demonstrates that VRMS will rise as the number of grit sizes operated 
declines. The reason for this is that as the grit size reduces, the material surface area and surface 
roughness both increases. Greater surface contact will occur during the rotation of the aluminium 
rotator toward the PVC material due to the material's wide surface area and high surface roughness. 
The frictional force generated during rotation will rise under these circumstances, leading to a greater 
output voltage [23,24]. More surface modification will be required for future investigations to grasp 
this property, in depth. 
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(a) 

 
(b) 

 
(c) 

Fig. 3. The voltage output with different grit sizes and 
thicknesses at (a) 500 rpm, (b) 1000 rpm and (c) 1500 rpm 

 
3.2 Effect of RPM on Current 
 

Figure 4(a) to Figure 4(c) showed how changing the rotation speed, or rpm, affected the current 
at different grit sizes. When the sample is made up of P500 and P1000 grit grades, Figure 4(a) 
demonstrates that the current increased continuously. The current’s increment is 4.9% and 7.6% with 
P500 and 9.1% and 8.1% with P1000, respectively, from 60 µA and 49.1 µA at 500 rpm to 69 µA, 
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which is the highest current output, and 57.5 µA at 1500 rpm. The current climbed by 6.9% from 44.9 
µA at 500 rpm to 48.1 µA at 1000 rpm before rising even higher by 15.2% to 56 µA at 1500 rpm when 
the sample is made up of P1500 grit grade. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. The current at different rotational speeds and grits with 
(a) 0.2 mm, (b) 0.5 mm, and (c) 0.7 mm sample thickness 

 
According to Figure 4(b), the current changed from 59 µA with P500 and 48.8 µA with P1000 at 

500 rpm to 57 µA at 1000 rpm, a decrease of 3.4%, and an increase of 15.5%. The current, however, 
returned by 5.1% to 60 µA with P500 and slightly decreased by 1.8% to 56 µA with P1000. The pattern 
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is quite similar to Figure 4(a) when utilizing a sample with a P1500 grit size. In that figure, the current 
increased by 4.4% from 44.4 µA at 500 rpm to 46.4 µA at 1000 rpm, and subsequently increased by 
16.1% further until it reached 54.5 µA at 1500 rpm. 

Figure 4(c) illustrates a similar trend to Figure 4 for the sample at 500 and 1000 rpm, where the 
current reduced from 53.5 µA by 7.2% with P500 and climbed from 47.6 µA by 4.5% with P1000 to 
49.8 µA, except at 1500 rpm, both grit sizes increased to 56.5 µA by 12.6% and 55 µA by 9.9%. When 
the sample’s grit size was raised to P1500, the current climbed continuously by 5% and 6% from 43.2 
µA at 500 rpm to 48.2 µA at 1500 rpm, respectively. 

Figure 4(b) and Figure 4(c), which deviated from Figure 4(b), revealed that P500 and P1000 
reported very similar values at 1000 rpm. As previously said, this may be because the grit sizes in this 
scenario are comparable. To obtain better results in comparison, more substantial differences in grit 
size need to be studied. Generally, a higher rotational speed has a bigger impact on the voltage 
output and results in better performance compared to a lower rotational speed. This materializes as 
a higher rpm leads to an increase in friction between two surfaces made of triboelectric material, 
resulting in heat and higher charge generation in the system [22]. As stated earlier, higher rotational 
speeds result in higher voltage generation, which can serve as the foundation for further studies on 
extremely high rpm values. 
 
3.3 Effect of Sample Thickness on Calculated Power Density 
 

Figure 5(a) to Figure 5(c) demonstrate the impact those sample thicknesses had on the output 
power density results calculated at various rotating speeds. Figure 5(a) shows that when the sample 
was rotated at 1500 rpm, the power density decreased by 27.7%, from 0.485 mW/m2 the highest 
output power density with 0.2 mm thickness to 0.367 mW/m2 with 0.5 mm thickness, before 
decreasing by 12.1% to 0.325 mW/m2 with 0.7 mm thickness. When the sample reduced the spin to 
1000 rpm, the power density dropped by 19.9% and 27.1%, from 0.404 mW/m2 with 0.2 mm 
thickness to 0.252 mW/m2 with 0.7 mm thickness, respectively. The power density however, only 
marginally decrease from 0.367 mW/m2 with 0.2 mm thickness to 0.355 mW/m2 by 3.3% with 0.5 
mm thickness, while it decreased to 0.292 mW/m2 with 0.7 mm thickness by 19.5% when the sample 
rotated at 500 rpm. 

Figure 5(b) shows that the power density continuously fell from 0.245 mW/m2 and 0.337 mW/m2 
with 0.2 mm thickness to 0.231 mW/m2 and 0.308 mW/m2 with 0.7 mm thickness as the rotation 
speed increased from 500 rpm to 1500 rpm. The drop was 0.8% and 5.1% for 500 rpm and 5.5% and 
3.5% for 1500 rpm, respectively. The power density, however, increased significantly by 14.6% from 
0.286 mW with 0.2 mm thickness to 0.331 mW/m2 with 0.5 mm thickness before falling by 26.7% to 
0.253 mW/m2 with 0.7 mm thickness. 

Figure 5(c) shows that when the rotational speed is increased to 1500 rpm, the power density 
decreases by 5.1% from 0.319 mW/m2 with 0.2 mm thickness to 0.303 mW/m2 with 0.5 mm thickness 
before dropping significantly by 24.4% to 0.237 mW/m2 with 0.7 mm thickness. In contrast, the 
patterns of the other two rotational speeds were comparable. At 1000 rpm, the power density 
dropped from 0.236 mW/m2 with 0.2 mm thickness to 0.219 mW/m2 with 0.7 mm thickness, a 7.5% 
and 4.2% decrease, respectively. The power density decreased by 2.5% and 5.1%, respectively, from 
0.205 mW/m2 with 0.2 mm thickness to 0.19 mW/m2 with 0.7 mm thickness at the lowest rotational 
speed of 500 rpm. 

The power density that may be generated evidently rose along with sample thickness. This is most 
likely due to the thinner sample providing a better medium for electron transit, allowing it to pass 
through the electrification layer more effectively [20,25]. As a result, a sample with a lower thickness 
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yields more power density than a sample with a higher thickness. To optimize the power generated, 
future studies should retain the thickness to as low as possible. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 5. The power density at different sample thicknesses and 
rotational speeds with (a) P500, (b) P1000, and (c) P1500 grit size 
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3.4 Effect of Rotation on Line Roughness Sample, Ra 
 

Table 2 reveals the influence of rotation on the value of line roughness before and after the 
experiment, Ra. Ra is at the greatest before the experiment at P500, followed by P1000, and the 
lowest at P1500. In other words, the grit size is inversely related to the line roughness. The rougher 
the surface material, the higher the line roughness. At 500 rpm, Ra for the sample with P500 grit size 
decreased by 80.3%. The percentage reduced for each sample were 98.6% at 1000 rpm and 105.1% 
at 1500 rpm. Ra decreased by 38.8%, 101.1%, and 132.4% at 500, 1000, and 1500 rpm, respectively 
when the sample‘s grit size was at P1000. Ra decreased with P1500 at 500 rpm by 62%. At 1000 and 
1500 rpm, the subsequent down drifts were 73.3% and 69.7%, respectively. This shown that the Ra 
dropped for P1500 was the least compared to P500 and P1000 because the initial roughness was 
already low, therefore the effect of the rotation was less pronounced than it would have been for a 
surface with a greater beginning roughness. 
 

Table 2 
Line Roughness value, Ra before and after the experiment 
Grit Size (P) Rotational 

Speed (RPM) 
Ra Before (µm) Ra After (µm) 

P500 500 0.881 0.376 
1000 0.299 
1500 0.274 

P1000 500 0.536 0.362 
1000 0.176 
1500 0.109 

P1500 500 0.205 0.108 
1000 0.095 
1500 0.099 

 
In general, the Ra is entirely influenced by the grit sizes and rpm values. The larger value of grit 

size, decreased a much smaller proportion of Ra as the material is closer to the smooth surface state, 
which translates to the material losing its roughness after each rotation. This might be because the 
rotator disc, which has no surface modification, exerted force on the electrification layer during 
rotation, causing the material to revert to its natural state before any change was undertaken. 
Furthermore, the relationship between rpm and the time required must be studied for future work 
in order to sustain the output power of the generator itself for a longer period. 
 
4. Conclusions 
 

In summary, the effects on electrical power generation were successfully investigated when the 
TEG system was tested with different grit sizes (P500, P1000, and P1500), different sample 
thicknesses of PVC (0.2, 0.5, and 0.7 mm) and different rotational speeds of an Aluminium disc (500, 
1000, and 1500 rpm). TEG at 1500 rpm on a 0.2 mm thick sample with P500 grit size modification 
delivers a maximum voltage output, VRMS of 13.8 mV, with the maximum calculated current of 69 µA 
and the maximum power density of 0.485 mW/m2. The analysis of rotational speed parameters 
produced the best overall findings, with the difference between each rpm having a larger significant 
value. 

It is distinctly clear from this research that at lower grit sizes (rougher surface), higher rotational 
speeds and with thinner samples, the electrification frequency between the PVC and Aluminium 
interface significantly increases, leading to higher output voltages and subsequently improves the 
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power density. However, further advancements in increasing polymer conductivity should be 
considered in order to generate more power density. Additionally, it is advised to keep the thickness 
low while increasing the surface roughness with a higher Ra value and a faster rotating speed (rpm) 
for future advancement. The level of electrical output generated makes TEG a very significant choice 
for future small devices’ power sources. 
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