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Abstract— Electrostatic discharges (ESD) can release large 
amounts of energy to products and humans, causing product 
failure and pain, respectively.  In this research, we elucidate the 
electrostatic charge generation, and discharge phenomena in 
real polyvinyl chloride (PVC) based electrical tape factory, 
which is primarily operated by the roll to roll manufacturing 
process. We perform the electrostatic potential measurement to 
identify the critical process of charge generation and to 
eliminate static charge at the source in order to prevent 
incidents caused by electrostatic discharge to operators or staff 
in the winding process. We also perform a numerical 
simulation-based finite element method (FEM) that provides 
modeling of an induced electric field, allowing the electrostatic 
discharge.  The maximum potential is ~20 kV measured at 25 
mm, indicating that the meter was induced by the electric field 
approximately ~0.8 MV/m, corresponding to surface charges 
density is ~ 10 µC/m2. Therefore, we introduced the ionization 
emitter bar in this case because it is feasible to install to the 
current infrastructure of the tested factory. The ionization 
emitter appears to reduce the electrostatic charge deposited on 
the PVC surface ~ 30% of the original charges. Therefore, 
installing a charge-dissipation technology at a proper location 
or combining with other methods, the electrostatic charge 
generation can be minimized even in roll to roll process. 

Keywords—Electrostatic discharge, polyvinyl chloride, 
electrostatic potential,   electric field,    finite element method. 

I. INTRODUCTION  

      Electrostatic discharge (ESD) has been received highly 
interested in many ways, including both its advantage and 
disadvantage. [1]–[4]. It typically occurs in the process 
involving in which two objects are in contact, causing 
electrons to transfer from one object to the other through the 
touched surface area. Once the objects are consequently 
separated, the electrons typically try to return to their initial 
objects. If the materials are an electrical conductor, the 
electrons can easily return to the original one. However, if 
either or both objects are insulation materials, Electrons may 
not be able to return to the original object. The transferred 
electrons were attached to the surface of the insulating 

material, causing both objects to have an unequal number of 
positive and negative charges on the surface. The intensity of 
electrostatic force depends on the types of charged materials, 
the surface area, the speed of the separation, and the 
surrounding humidity [1], [5], [6]. Although the electrostatic 
discharge has been intentionally used in various industrial 
applications such as paper copiers and painting [2], [3], the 
ESD can cause several problems in many industries such as 
electronics, textile, chemical, and the automotive industry 
[7]–[12]. Not only can ESD damage the product, but also 
affect the operator during working in the production process 
[7], [8], [10]–[13]. Moreover, if the work area contains 
volatile chemicals or fuels, it may cause a fire or explosion in 
the production process [10], [12]. Therefore, all industries 
should have proper protective measures to reduce or prevent 
electrostatic discharge exposure from machinery and the 
large insulating products that can store large amounts of 
electrical charges. Generally, workers employed many 
protective equipment’s including grounding, bonding, 
humidity controller, ionizer, as well as wearing anti-static 
devices such as anti-static shoes, gloves, and anti-static 
wristbands to reduce ESD depending on the type of products 
[10]–[12], [14]. 
 
      In the electrical tape factory, however, electrostatic 
discharge is one of the significant problems because it is 
mainly manufactured from Polyvinyl chloride (PVC) plastic. 
This PVC tape has a very high insulating property resulting 
in a high possibility of accumulating electrical charges to its 
surface according to the lowest order of triboelectric effect 
[11], [15]. Notably, during the production process, 
Polyvinylchloride plastics have to pass through several 
friction contacts with the rollers or calenders to convey the 
melted plastic to form sheets, as presented in figure 1a. As a 
result, the mobile charges are transferring between the rollers 
and the tape. In the winding process, the adhesive PVC tape 
became a large roll and stored substantial electric charges, as 
well. In this work, we found that mostly, the electric charge 
will be transferred to the operator in the tape production 
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process and the tape cutting process. When employees come 
in contact with statically charged products, the charge will 
transfer to the employees, causing distrust to the employees 
while working and causing damage to the product. Herein we 
elucidate the electrostatic charge generation in the production 
process and its electric field characteristic of the adhesive 
tape roll, including the factors that affect static electricity. 
Moreover, we demonstrate a way to prevent, control, and 
reduce the occurrence of the electrostatic force of the winding 
tape roll by using the ionization emitter in air, which is found 
to be feasible in the current factory. 

II. RESULT AND DISCUSSION 

A. Process of polyvinylchloride (PVC) adhesive tape 
production. 

 
Fig. 1. Overall process of polyvinylchloride (PVC) adhesive tape 
production. (a)  the PVC electrical tape production process and (b) The PVC 
tape cutting process. 

      In the PVC adhesive tape factory, the electrostatic 
discharge (ESD) to the operators has been reported in two 
main production processes, which are the duct tape production 
process (Figure 1a) and the tape cutting process (Figure 1b). 
The PVC tape production process typically began with the 
melting of polyvinylchloride (PVC) with the desired color (in 
the Banbary process) and sent it to the mixing rollers to mix 
all materials (in Mixing process) together. Consequently, the 
mixture was passed through the filtering strainer and rolled 
into sheets by the extrusion rollers at least four large rollers. 
After that, the duct tape will be cooled to reduce the 
temperature of the adhesive duct tape. In this process, the PVC 
tape went through ~20 rollers before rolled into the paper core 
(in the Winding process).  Figure 1 shows that there are 
several contacts between the rollers and Polyvinyl chloride 
(PVC), causing electrostatic charge generation and 
accumulation on the surface of Polyvinyl chloride (PVC). 
During operation, the operators typically were exposed to 
electrostatic discharge when they come into contact with the 
PVC tape to push the tape over in the winding process, as 
presented in Figure 1a. Besides, Figure 2b shows the tape 
cutting process in which the machine consists of metal cores 
A and B. The operator will generally take a roll of PVC duct 
tape approximately ~100 cm in length into the metal core to 
cut the tape into the specified dimension. In this process, the 
operators usually experience electrostatic charges embedded 
in the tape that accumulated from the production process.  
B. The measurement of the electrostatic potential of PVC 

tape in winding stock roll. 

 

Figure 2b shows the measurement of the electrostatic 
potential at the winding stock roll in the PVC tape 
production process by using the ARMEKA Electrostatic 
Field Meter (AE-770). 

 
 

 
Fig. 2. The measurement of the electrostatic potential of PVC tape in 
winding stock roll in the production process and in the cutting process. (a) 
the electrostatic measurement setup and positioned along the PVC tape. The 
measured electrostatic potential of (b) PVC winding stock roll and (c) PVC 
tape roll in the cutting process. 

      Although the electrostatic potential measurement is an 
indirect inspection to observe the amount of charge that occurs 
in the PVC tape production [15], [16], with this simple 
method, we can identify the processes that cause the 
electrostatic charge generation and also estimate the 
electrostatic charge distribution on the PVC duct tape surface. 
We thus performed the electrostatic measurement of 4 types 
of polyvinyl chloride (PVC) tape under the real production 
Prepare Your Paper Before Styling in which the winding roll 
has the size approximately ~100 centimeters in length (L) and 
~60 centimeters diameter (d2), whereas the paper core in the 
center of the tape roll is ~120 centimeters in length and 
approximately ~10 centimeters diameter (d1). Regarding the 
design of the ARMEKA Electrostatic Field Meter, the 
distance of the electrostatic field meter should be ~25 mm 
away from the winding stock roll as calibration by the its 
factory. By performing the potential measurement along the 
length of winding stocked roll as presented in points A, B, C, 
D, and E,  which is ~20 cm spacing between each spot (Figure 
2a). The results show that there is similar induced electrostatic 
potential of all four polyvinyl chlorides (PVC) tape in winding 
stock roll which is averagely ~16 kV and the maximum 
potential is ~20 kV, as shown in Figure 2b. During the 
measurement, the temperature and humidity were measured 
by Hygrometer MHT-381SD which is ~32.5 degrees Celsius 
and 60% humidity, respectively. The result suggests that the 
humidity level is not the main factor for electrostatic 
generation in this PVC tape manufacturing [1], [5], [6]. 
Therefore, the electrostatic charges produced in the duct tape 
production process is, mainly due to the friction of the duct 
tape and metal and rubber rollers [11], [15]. Besides, Figure 
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2c demonstrates electrostatic potential measurement of the 
four polyvinyl chlorides (PVC) in cutting processes. The 
electrostatic potential is only up to ~0.33 kV. Similar to the 
winding stock roll, the highest electrostatic voltage is in the 
middle of the duct tape and gradually decreases to the edge. 
The measured temperature was s about ~24 degrees Celsius, 
and the humidity is ~52%. The overall result suggests that the 
electrostatic potential of the PVC tape production process was 
higher than the cutting tape process because the production 
process provides more friction between the PVC tape and 
metal/rubber rollers. Moreover, the size of the winding stock 
tape is relatively large, causing a huge accumulation of 
electrostatic charge in the roll. Therefore, the electrostatic 
discharge of the duct tape, especially in the production process 
(up to ~20 kV), can cause the microscale electrical current 
flows through the operators once they come too close to the 
roll. 

C. The electrostatic potential measurement with and 
without ionization bar in electrical tape production 
process. 

 
Fig. 3. The electrostatic potential measurement on a single layer of sheet 
tape and the entire winding roll with and without ionization bar. (a) 
Experiment setup and (b) The graph comparison of measured potential 

After experiencing many friction contacts between the PVC 
and ~40 metal/rubber rollers, it can cause electrostatic 
charges generation and the accumulation on the surface of the 
PVC tape. Therefore, in order to study and identify the 
primary electrostatic charge generation in the PVC duct tape 
production process, we directly measured the surface 
potential of the Polyvinyl chloride (PVC) sheet at before 
(Figure 3a point A) and after (Figure 3a point A) entering the 

winding process. As present in Figure 3a -bottom, the surface 
potential of a sheet of duct tape with a width of 100 cm was 
measured for 5 points as A, B, C, D, and E.  The distance 
between the electrostatic potential meter and a single layer of 
sheet tape is about 25 mm as required from factory 
calibration. The electrostatic potential of polyvinyl chlorides 
(PVC) sheet at Figure 3a-point A demonstrates the maximum 
potential at ~18 kV, which is at the center of PVC roll and 
gradually decreases to ~15 kV at the edge (Figure 2b- black 
line). After that, we also measured the induced potential of 
winding stock roll. The electrostatic potential of winding duct 
tape was ~19 kV, which is very close to a measurement of a 
single layer of PVC sheet (Figure 3b-red line). Therefore, it 
can be concluded that the electrostatic charge was generated 
and accumulated on the PVC sheet before winding. 

D. The distribution and direction of the electric field 
radiated from the PVC tape roll.  

 
Fig. 4. The distribution and direction of the electric field radiated from the 
PVC tape roll. (a) the FEM simulation based on Poisson’s equation and (b) 
displaying the electric field force radially out ward from PVC rod. (c) the 
electric field along the radial path from the PVC tape surface. 

More importantly, the results indicate that the electrostatic 
discharges to the operator come from the outermost layer of 
the PVC sheet of the tape roll. Therefore, if we can neutralize 
the attached charges on the PVC layer, the PVC roll will be 
safe for the operator to touch the product. Note that the 
measurement of surface potential was designed to directly 
sense to electric field from a simple plane with fixed potential 
source and informing the reader with measured potential at a 
given distance. Regarding the maximum measured potential 
~20 kV measured at 25 mm, thus, the electrostatic meter 
experiences the electric field ~0.8 MV/m. Besides, by using 
the famous Maxwell’s Equation for the electric field 
generated by a distribution of electric charges, we can 
approximate a surface electrostatic charge density of PVC 
roll surface as	 : 
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ܧ∮   ∙ ܣ݀ = ௤೐೙೎ఌ                                       (1) 
where the electric field  E through any infinitesimal Gaussian 
surface, A equal to the net charge enclosed  (qenc)  divided by 
the permittivity of free space  (ϵ) : Therefore, the surface 
charges density is ~ 10 µC/m2. This result shows good 
agreement with finite element methods (FEM), which were 
used to elucidate the distribution and direction of the electric 
field radiated from the PVC tape roll. As shown in Figure 4, 
The commercial software based on FEM, COMSOL, was 
implemented can calculate based on Poisson’s equation and 
displaying the entirely electric field force entire PVC rod 
[17]. The simulation result, as presented in Figure 4, is 
generated from the surface charge density is ~8 µC/m2.  
Figure 4a and Figure 4b demonstrate that the electric is 
radially outward from the PVC roll and significantly high up 
to 1 MV/m at around the edge of PVC.  Note that if there is 
any ground or conducting material such as humans come to 
very close to the PVC roll, it can influence the electric field 
distribution causing the electrostatic discharge to the 
operator. Therefore, the fringe field allows the most possible 
of electrical discharge through the air known as corona [18]–
[20]. Therefore, it is necessary to reduce the electrostatic 
charge as much as possible before touching them. However, 
because of the glue involvement and the sophisticated 
process, it is too difficult to install or add any dissipation 
charge into the system. After surveying the environment, we 
decided to add the ionization bar in order to observe the 
feasibility of reducing the electrostatic charge in the duct tape 
production process without touching any product. The 
KEYENCE ionizer bar was introduced and installed before 
winding, as presented in Figure 3a-bottom.  A single 
ionization emitter bar was created by corona discharge to 
provide  many ions with positive and negative polarity to 
reduce the accumulation charges on top of the PVC sheet 
before winding [20], [21]. The result shows that we can 
reduce ~7 kV electrostatic potential per installed single 
ionization bar at this manufacturing (from ~20 kV to ~12.5 
kV surface potential at the center of roll). Therefore, the 
electrostatic surface charge density is reduced from ~8 µC/m2 
to ~5 µC/m2. As to the current situation, we may need to add 
at least three more ionization emitter bars to sufficiently 
compensate the electrostatic charge deposited on the PVC 
tape surface in the production line. 

III. CONCLUSION 

In roll to roll manufacturing operations, electrostatic issues 
are usually caused by tribocharging effect between two 
chemically dissimilar materials. The non-contact electrostatic 
field meters can be used to indicate the main cause of static 
problems. In the current PVC tape factory, the ionization 
emitter becomes effective methods to neutralize the 
electrostatic charge on the PVC layer after accumulated from 
multiple contacts. Eliminating static charge at the source is 
the most cost-effective solution to static problems. 
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