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ABSTRACT

To protect electrical power installation equipment, especially that in open areas where it is particularly vulnerable to both
technical and non-technical disturbances, such as those frequently brought on by lightning surge currents that result in large
fault currents, it is crucial to build a grounding installation. A good and trustworthy grounding system is required to flow this
significant fault current, both in terms of a low grounding resistance value and the grounding system's design. There are
several high voltage transmission towers or electrical power installation tools in open spaces, and they are built on a variety
of soil types, including 150 kV transmission towers built on swamp land. The measurements on the shampooing marsh terrain
yielded the maximum and minimum values, with the maximum value occurring at a depth of 1 meter and a earth resistance
value of 25.70 Q and the minimum occurring at a depth of 2 meters and a earth resistance value of 12.10 Q, respectively.
Based on the findings of these measurements, a grounding grid construction employing four electrode rods of two distinct
types copper-coated iron rods and galvanized iron rods each measuring 3.5 meters in length was designed using the CYMGRD
application. Through the CYMGRD application, a different Ground Potential Rise (GPR) is obtained; with the same fault
current of 10234.6 Ampere, the GPR value for the copper-coated rod construction is 54.7871 volts as opposed to the
galvanized rod construction's 55.0625 volts.
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1. INTRODUCTION

With its distinctive characteristics, rubber has been widely used as the primary raw material for automotive,
household and other products. The main characteristic of rubber is its elasticity, which is supported by other
physical properties that support the ability and function of a product. The physical properties of rubber are
supported by the three-dimensional molecular structure formed in rubber processing (vulcanization). The rubber
compound is vulcanized with vulcanizing material and heat to form a three-dimensional network on the molecular
structure of the rubber so that the rubber changes properties from thermoplastic to heat stable, with improved
elastic properties [1].

Vulcanization is a deliberate and expected process in rubber products so that 3-dimensional cross-links are
formed in the molecular structure. However, 3-dimensional cross-linking can occur in rubber compounds that have
not been shaped (scorching). Scorching is a premature vulcanization of rubber compounds where 3-dimensional
cross-links begin to form, causing the rubber compound to experience a decrease in plastic properties and can no
longer be processed (dead compound). Scorching is caused by an increase in temperature and time during the
processing of rubber compounds [2].

The process of making rubber products goes through several stages: material mixing, product forming, and the
vulcanization process (formation of cross-links) in the final product [3]. One of the final product-forming processes
is extrusion technology. The vulcanization process is carried out after the forming process in the extruder machine.
In extrusion processing, scorching the rubber compound and using heat to soften the compound and processing

time are possible.
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One application of rubber extrusion is the process of filtering (straining) rubber compounds to remove
contaminants with a strainer machine. In the filtering process with a strainer machine, the rubber compound is
softened in a barrel with a rotating screw, and the compound is passed through a filter in the form of a mesh on
the strainer head. According to [4], the mesh size of 40 is capable of filtering out relatively small foreign materials,
undispersed carbon black particles, and other contaminants. Applying the mesh will reduce the material flow (drag
flow) and increase the material's pressure flow/backflow, thereby increasing the mixing effect and the shear heat
[5]. The repeated straining process (batch) causes the mesh to wear out more and more. The mesh holes are covered
with contaminants, so the straining process is not optimal and allows the process temperature to rise even higher.
It increases the risk of scorching the rubber compound due to straining; in the end, the rubber compound will die
in the subsequent formation process.

2. Experiment Design

The experiment design used was the 1-factor complete randomized design, namely the total batch of straining
process using the same mesh, with batch levels per mesh of 4 to 10. The response variable was the scorching time
of the rubber compound resulting from the straining process. The complete randomized design was applied using
a random model, where the experimental sample was taken in the current production process, so the inferencing
was carried out on the population-straining process [6].

The tools and materials used in this study were the tools and materials in the rubber compound straining process
and the rubber compound testing process as a result of straining. The materials used were natural rubber, additives
from a compounding process, and mesh-40. The tool used for the straining process was a strainer machine. The
tools used for compound testing were thermogun and Mooney viscometer. The natural rubber material and
additives used were the same for all experiments. The straining process parameters were at 90°C, and the
processing speed was the same for all experiments. The data for the scorch time value for each total batch variation
and each repetition were plotted in a complete randomized design standard table in Table 1.

TABLE 1. Data Layout Completely Randomize Design [7]
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Calculation of the analysis of variance included the total square of treatment and the total square of error, with
degrees of freedom as a comparison to obtain the average value of the square of treatment and the average of the
squares of error. Comparison of the mean square of the treatment with the mean squared error as the Fcount value.
The calculation data for the analysis of variance are shown in Table 2.

TABLE 2. Analysis of Variance Completely Randomize Design
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Source of Variaton Sum of Degree of Mean Square Fo
Square Freedom
Between Treatment SST DoFT MST = SST _ MST
~ DoFT "~ MSE
Error (Within SSE DoFE MSE — SSE
Treatment) = DoFE
Total SSTot

3. Analysis

A complete randomized design model is formed from treatment and error. As a consequence, analysis of
variance for a complete randomized design only includes sources of treatment variability and error. The linear
model for a complete randomized design consisting of ttreatment and rireplication as follows [8]:

Yij =U+7, +¢&

|j;

i=1,2,...,t;7=1,2,....1 ©))

Inwhich Yij is the observation on the -i treatment in the -j repetition, was the general mean, was the -i treatment,
and was the error component.

The inference analysis was a random model where the diversity came from the distribution of all treatment
effects. The effect of the treatment was I'~N(0,027), with the following test hypothesis:

Hy,:02=0; H,:06%0 4)
4. RESULT AND DISCUSSION
The results of the experiments carried out on the straining process using the same mesh of 4 to 10 batches with

different repetitions are shown in Table 3. The number of repetitions was different because it followed the current
production process.

TABLE 3. Data of the Scorching Time of Rubber Compound

Scorch time (minute)

Repetition 2 bateh 5 6 7 8 9 10
1 12,57 12,34 10,51 933 840 8,10 7,50
2 11,42 11,32 10,20 9,07 820 760 7,30
3 11,26 11,30 10,00 9,00 8,00 730 7,25
4 11,26 11,23 9,80 8,70 7,00 6,50

5 10,50 9,39 8,10 6,80

6 10,42 9,11 8,00 6,80

7 10,12 9,11 7,80

8 10,00 7,80

Based on Table 3, the total trial was 42. Thus, it can be assumed that the experimental data were normally
distributed. The data from the test results for the scorch time value of rubber compounds were analyzed for their
diversity based on the complete randomized design method, with random models and unequal repetitions. The
results of the analysis of variance are shown in Table 4.

TABLE 4. Analysis of Variance of the Scorching Time Data of Rubber Compound

Source of Variaton Sum of Degree of Mean Fo
Square Freedom Square
Between Treatment 93,17 6 15,53 36,18
Error (Within 14,17 33 0,43
Treatment)
Total 107,33

Based on the analysis of variance in Table 4, it is known that the Fcount value is 36.18, which means it is
greater than the Ftable value at the 5% significance level, which is 2.39. It can be concluded that accepting
Hypothesis-1, namely, the diversity is greater than 0, and shows that variations in the total batches with the same
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mesh in the straining process produce rubber compounds with significantly different scorching times. At least one
scorching time value for a specific total batch significantly differs from the scorching time value of other batches.

According to [9], the polymer filtration process by the extrusion method, continuous filtration on the same
mesh will cause a buildup of contaminants. It causes the mesh to become clogged, so the material flow is not
smooth. This condition allows material backflow, causing the material residence time in the extruder barrel to be
longer. The return flow of the rubber compound material and the higher residence time allow the temperature of
the rubber compound in the extrusion barrel to be higher. The higher the temperature of the rubber compound in
the extrusion barrel, the lower the scorching time of the rubber compound. [10] Because heat can increase the
reaction rate, the reaction between the rubber molecules and the additives takes place more quickly [11].

Based on the analysis of variance, which showed a significant difference, a further significant difference test
was carried out to determine the variations in the number of batches that resulted in significantly different
scorching time values for rubber compounds. The results of the significant difference tests using the Duncan
Multiple Range Test (DMRT) method are presented in table 5.

TABLE 5. Duncan Multiple Range Test (DMRT) Result

Treatment mean Meani + DMRTi P DMRT

) 815 822 840 936 1063 1182 (5%)
10 batch 7,35 a 2 0,80
9 738 a b 3 0,84
8 7,53 a b c 4 0,87
7 8,48 D 5 0,89
6 9,73 e 6 0,90
5 10,90 f 7 0,91
4 11,63 f

The results of the DMRT test in Table 5 show that the total batches 4 and 5 produce scorching time values that
are not significantly different. Besides that, the total batches of 8, 9, and 10 also resulted in the rubber compound's
scorching time value, which was not significantly different. The total batches 6 and 7 resulted in a rubber
compound scorching time significantly different from the number of other batches.

Scorching time is the processing lag time before the rubber compound undergoes vulcanization. When the
rubber compound has been vulcanized, the compound can no longer be processed, so the longer the scorching
time, the better the processing ability of the rubber compound. If the scorching time is too short, the ability of the
compound process will be worse. Therefore, when the extrusion process or strainer has undergone vulcanization,
this vulcanization process should occur in the curing process. Compounds that have undergone scorch cannot be
processed further because the compound is no longer plastic.

Based on the average value of the scorching time of the rubber compound for each treatment variation of the
total batches in the straining process, it shows a tendency that the higher the total batches with one mesh, the lower
the scorching time of the rubber compound. Based on the test results, the total batches 4 and 5 gave the highest
average score of rubber compound time. It can be used as a reference in the rubber compound straining process to
determine when the time to replace the mesh is appropriate.

5. CONCLUSION

The rubber compound straining process based on extrusion technology aims to filter out contaminants. Using
mesh as a filtering medium has another impact on the condition of the rubber compound material. Using the same
mesh for the rubber compound straining process affects the material flow in the straining machine. It affects the
rheological condition of the rubber compound material. The greater the total batch of the rubber compound
straining process with the same mesh, the impact of the rubber compound scorching time is decreased. The
decrease in the scorching time of the rubber compound will cause the risk of scorching the rubber compound for
further processing. Replacing the mesh can be done by taking into account the efficiency of the production process
and the rheological conditions of the rubber compound.
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