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PREFACE

Journal RIESTech (p-ISSN: 2985-704X (print), e-ISSN: 2985-8321 (online); is a peer review journal
published by PT Mencerdaskan Bangsa Indonesia. The RiESTech journal is published four times a year
in January, April, July, and October. This journal provides direct open access to its content on the
principle that making research freely available to the public supports a greater global exchange of
knowledge within the engineering field. This journal aims to provide a place for academics,
researchers, and practitioners to publish original research articles or review articles. The scope of
articles published in this journal relates to various topics in the field of outcomes of research
activities.

The RiESTech journal publishes papers strictly following the RiESTech guidelines and
templates for manuscript preparation. All submitted manuscripts will go through a double-blind peer
review process. The paper is read by members of the editor (according to the area of specialization)
and will be screened by the Managing Editor to meet the criteria required for RiESTech publication.
Manuscripts will be sent to two reviewers based on their historical experience in reviewing
manuscripts or based on their areas of specialization. RiESTech has review forms to keep the same
item reviewed by two reviewers. Then the editorial board makes a decision on the comments or
suggestions of the reviewers.

Reviewers provide an assessment of originality, clarity of presentation, contribution to the
field/science. This journal publishes research articles, review articles/literature reviews, case reports
and concept/policy articles, in all fields of Computer Science, Informatics Engineering, Multimedia,
Arts. The article to be published is an original work and has never been published. Incoming articles
will be reviewed by the reviewer team.

The Editorial Board will try to continue to improve the quality of the journal so that it can
become an important reference in the development of engineering sciences. The greatest
appreciation and gratitude to Mitra Bestari along with members of the Editorial Board and all parties
involved in the publication of this journal. Complete writing instructions are displayed on the portal
of this journal.

Regards,
Chief Editor
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Abstract: The prototype of a magnetic separator was initiated and manufactured for handling un-
dersized products of Pierce Smith Converter which has been channeled to a temporary shelter called
a matte pond. It was dredged three to four times a year and it’s costly. This expenditure can be
minimized by the manufacture of magnetic separators that used to attract undersized nickel prod-
ucts. The manufacture of this prototype uses a scale of 1:20.000 for the volume of water and nickel
matte, while for chute and magnetic drums with a scale of 1:4 from the conditions in the field. The
purpose of this research is to find out whether magnetic separators are relevant for installation in
the nickel processing industry, with the slope angle of the chute and magnetic power as the main
parameters. Thus the matte pond can be minimized and undersized products can be directly pro-
cessed and distributed to consumers. The material used in the manufacture of this prototype is alu-
minum sheet 1/16 in which is rolled for magnetic drums, aluminum sheet 1/8 in for chute, copper
wire 0.5 mm and mild steel, lathe for rods and axis, and bending for magnetic holders. The result of
this magnetic separator prototype is 24.48% nickel can be attracted.

Keywords: Magnetic Separator; Nickel Matte; Undersized Product; Pierce Smith

1. Introduction

Nickel is one of the abundant minerals in Indonesia, especially on the island of Su-
lawesi, which has made many nickel mining processing plant [1]. Metallic nickel and
nickel compounds are used in manifold industrial and commercial applications such as
batteries, coinage, catalysts, electronics, pigments, stainless steel and other nickel alloys,
electroplating, foundries, and ceramics [2]. Nickel is produced from two main sources:
sulfide ore and laterite ore. While 70% of land-based nickel resources are contained in
laterite deposits, the majority of the world's nickel production currently still comes from
sulfide sources. The dominant nickel mineral in these deposits is pentlandite (NiFe)9S8
this is because the main mineral of nickel sulfide ore is pentlandite [3], [4].

Previous researchers have tried to increase nickel concentration through a reduc-
tion process [5]-[8], using either coal [9], [10] or natural reducing agents such as palm
kernel shell [11]-[15], rice husk [16], [17], coconut [18], [19], and bagasse [20]. In one of
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the mining industries in Sulawesi, there was a problem in the process of handling under-

sized products from the nickel matte granulation process from the refining process in the

Pierce-Smith Converter. In general, the process that occurs from Pierce-Smith Converter

to produce products that are ready to be packaged is illustrated in Figure 1.

Pierce Smith
Converter

Granulation

Oversize Product |— Crusher
Product — Package
Undersize Product |— Matte Pond

Figure 1. General Process Flow Diagram in Converter [4].

From Figure 1, it can be seen that from the granulation process or casting converter

matte to matte granule, three product sizes were produced can be categorized as :

1. Oversize products or products with a size larger than consumer demand which will

later be processed with a crusher to obtain products according to qualifications and

returned to the granulation process

2. Products in accordance with consumer demand

3. Undersize products or products smaller than 100 mesh that has been channeled into

temporary storage ponds called matte ponds that are reclaimed three to four times a

year, and sump pits are clamping once a month to take small nickel grains that are

accommodated in that area.

The pouring on the granulation system is a very important part where the poured

matte liquid will become a matte granule [4], [21]. There are no parameters used to de-

termine the size of the granulation product, only a visual observation and requires suffi-

cient experience, therefore three types of products are formed as shown in Figure 1. Re-

sponding to this, the idea arose for handling undersize products more effectively and

efficiently. The idea is illustrated in the scheme in Figure 2.

Pierce Smith
Converter

Granulation

Oversize Product— Crusher

| I N |

Product — Package
Concentrate
Undersized | |  Magnetic |
Product Separator

Tailing
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Figure 2. New Flow Chart Offer in Pierce-Smith Converter.

The innovation in this research is to replace the matte pond with a magnetic sepa-
rator for handling undersized products from the granulation process. With the magnetic
separator, it is expected that the undersized product from the granulation process can be

handled more effectively, efficiently, and increase the productivity of nickel.
2. Materials And Methods

This research was conducted with a HAP magnetic separator by flowing a mixture
of nickel matte with water, hereinafter referred to as slurry from slurry drum to the mag-
netic drum by passing through the chute with a certain slope. In this research, we will find
the optimum slope chute angle to get the maximum efficiency. The tools and materials in
this research are adjusted to the industrial scale because it is hoped that the results of this
study can be scaled up to industrial scale. The nickel matte used in this study is the under-
sized product of granulation from Pierce Smith Converter whose sizes range from 100 -
400 mesh. In addition, the research will also find out the size distribution of nickel matte
so that later it can be seen on the size of how dominant the particles are magnetized and
on how many particles are lost or loss. In addition, to find out the composition of the sam-
ple that will be examined in advance the sample will be tested with XRF and the final
product too. To calculate the efficiency of nickel matte in this study were calculated with
a dry-based product. The final goal of this research is that the magnetic separator can be
developed from a prototype scale into an industrial-scale tool to help nickel industries to
be able to increase its productivity.

Materials :

1. Undersized product of nickel matte from granulation process of the Pierce Smith Con-
verter with sizes ranging from 100 - 400 mesh

2. Mild steel st. 37 solid cylindrical shape which is turned to become a magnetic drum,
magnetic rod, and sheet supporting shaft for magnetic rod mounting applications.

3. Aluminum Alloy 6061, sheet-thickness 0.063 in (1/16 in) for magnetic drum blankets
and sheet-thickness 0.125 in (1/8 in) for chute, product storage containers, and disposal
systems.

4. 0.5mm copper wire for electrical conductor winding wire on each magnetic rod.

5. Water to be mixed with nickel matte to make it slurry like the conditions in the field.

Parameters: Effect of slope chute, variation at an angle of 15, 20, and 25 deg to the
efficiency of undersized nickel matte.

This experiment is limited by assuming the fluid flow is considered constant and
laminar, there is no friction between the slurry and the chute where the slurry flows, the
process of agitation is considered constant, magnetic drum rotation is considered constant,

and the study was conducted on a prototype scale with a certain scale.
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3. Results And Discussion

Previous research with HAP magnetic separator obtained 2.4% recovery using prod-
uct-based calculations. Further research on HAP Magnetic separator was carried out be-
cause the efficiency of previous research was still very low, with the hope of getting effi-
ciency of undersized nickel product in the nickel industry in Sulawesi which is higher. The
evaluation of the previous HAP magnetic separator was that there were no product stor-
age containers, the slope chute angle was not set and changed every trial, the tailings dis-
posal system was not organized so that it polluted the surrounding environment, and the
magnetic drum blanket was still thick due to using aluminum alloys 6061 sheet-thickness
1/8 inch or 0.125 inch. This evaluation tool is used as a benchmark to make HAP magnetic
separators more efficient in terms of process and efficiency.

The following will describe the data and operational conditions collected through
literature, direct experiments, and also field observations used to support this research.
The operational data used is sourced from the Metal Accounting division one of the nickel
industry in Sulawesi which includes undersized matte pond reclaim data and matte pond
sieve analysis data. Table 1 summarizes the reclaimed matte pond data from May 2018 to

February 2019 obtained from the Metal Accounting division :

Table 1. Data Reclaim Undersized Product (Matte Pond)

No. Period Ni Weight (Ton) Unit
May-August 104.55 DMT
August-November 124.30 DMT
November-February 123.92 DMT

Total 352.77

From the data in Table 1, it can be seen that the reclaim for nine months, from May
2018 to February 2019 is 352.77 Dry Metric Ton (DMT) and if averaged per month there
are 39.19 DMT of undersized nickel products entering into the matte pond, if multiplied
by a year, there are 470 DMT of undersized products that are accommodated in the matte
pond and must wait for their turn to be reclaimed so that later they can produce value
which is further diminished by reclaiming operational costs to pay labor and heavy equip-
ment to become profit.

To find out the sample size distribution that will be used for the research process,
sieve analysis is carried out using a sieve shaker with sieves of 100 mesh, 200 mesh, 230

mesh, 325 mesh, and 400 mesh respectively.
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Table 2. Sieve Distribution Data of Matte Pond Feed.

Particle Size

Weight (gr) Persentage (%)
(mesh)
- 100 3.8 0.76
+100 - 140 14.6 2.92
+140 - 200 76.8 15.36
+200 - 230 88.2 17.64
+230 - 325 103.4 20.68
+325 - 400 160.2 32.04
- 400 49.6 9.92
loss 34 0.68
60
50
S
% 40 32,04
o0
g 30
=
S
5 20
~
10
0

100 100 - 140 140-200 200-230 230-325 325-400 400 loss
Size distribution (Mesh (#))

Figure 3. Distribution of Matte Pond Feed Particles.

The operational data sieve analysis of the undersized product sample in Figure 3
shows the distribution of particles in the matte pond or temporary storage pond for un-
dersized products. Based on Table 2 and the illustration in the graph in Figure 3, the sam-
ple tendency to be tested is at most 325-400 mesh or around 44-37 micron (um) 32.04%,
and at least at 100 mesh or 149 micron (um) ) the amount is 0.76%. These particles will be

used as sample experiments in this study.
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Table 3. Composition of mineral elements in the product and the tailings.

Slope of Electric Composition
No Sample

the chute Current (A) Ni(%) Fe(%) Co(%) S (%)
1.  Product Matte Pond 25 deg 3.75 78.81 0.594 1.098 19.4
2. Tailing Matte Pond 25 deg 3.75 79.24 0.666 1.094 18.9
3. Product Matte Pond 20 deg 3.75 79.19 0.651 1.052 19.1
4. Tailing Matte Pond 20 deg 3.75 79.14 0.671 1.094 19.0
5. Product Matte Pond 15 deg 3.75 79.24 0.617 1.075 19.06
6. Tailing Matte Pond 15 deg 3.75 78.82 0.698 1.085 19.2
7. Product Matte Pond 15 deg 3.0 78.97 0.533 1.101 19.3
8. Tailing Matte Pond 15 deg 3.0 78.92 0.681 1.101 19.2
9.  Product Matte Pond 15 deg 2.25 79.04 0.578 1.087 19.2
10. Tailing Matte Pond 15 deg 2.25 78.92 0.691 1.094 19.2

The XRF data from the laboratory is shown in Table 3, it can be seen the composition
of mineral elements in the product and the tailings of the experimental results shown are
the elements Ni, Fe, Co, and S, it is possible there are still other elements. However, the
data in Table 3 only shows the most dominant elements contained in the product and tail-
ings in this experiment. The data in Table 3 is also still influenced by the variable slope of
the chute and the magnetic strength.

To optimize the process, the slope of the chute at a certain point is needed to get an
efficient process. The slope of the chute will affect the flow rate, productivity, and of course
the effect on efficiency in this study. Therefore, determining the optimum point of the slope
chute angle in this experiment is very important because it supports almost all lines. In this
research, the chute serves as a slurry distribution medium from the slurry drum to the
magnetic drum. Chute referred to here is an artificial channel made of aluminum with a
length of 157cm and width of 37.4cm. The reason for choosing aluminum as the materials
of the chute is because aluminum is easily fabricated and strong enough to accept low fluid
flows [22]. In addition, if the material used is iron, iron tends to have ferromagnetic prop-
erties and can be attracted strongly by magnets, it is feared that when using iron, magnets
will also attract the chute so that the magnet does not focus on attracting the slurry being
flowed. Calculation of the length and width of the chute has been adjusted to the magnetic
drum holder, besides that there is also a chute holder that functions as a supporting chute.
With the chute holder, the slope angle of the chute can be adjusted according to the desired
slope and this slope variation will be examined in this study to later obtain the optimum
angle that supports maximum efficiency

Actually not only limited to the slope chute angle to get the optimum efficiency,
however, the design process and also fabrication must be made and thought out into sep-
arate parts and can become a single unit so that the links between these parts can be drawn
[23]. However, the focus in this study will look at the influence of the slope chute angle
which is a very influential thing in terms of the productivity of devices such as magnetic

separators. The following will describe the results of experiments that have been carried
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out by using a variation of slope chute at an angle of 15, 20, and 25 deg to the efficiency of
matte nickel, with the condition of the HAP magnetic separator, made standard using
112.5W electrical power, 3.75A input current, and 30V voltage using a sample of nickel

undersized products that have been prepared.
Experiment with the sloping chute at an angle of 15 deg

Table 4 shows the experimental results with the sloping chute at an angle of 15 deg.

Table 4. Experiment results with the sloping chute at an angle of 15 deg.

Current Feed Product Tailing efficiency (Product efficiency
(A) (kg) (kg) (kg) Base) (%) (Tailing base) (%)
3.75 16 4.678 9.100 29.23 56,87
3.75 16 3.032 8.180 18.95 51,12
3.75 16 4.046 10.468 25.28 65,42
Average 3.918 9.25 2448 57.80

From the data in Table 4 it can be seen that from the 16kg samples tested an average
of 3.91kg became products and calculated as efficiency product base, if calculated in per-
cent counts there was an average of 24.48% of samples that could be attract by HAP mag-
netic separator. While for tailings from samples weighing an average of 9.25 kg which is
calculated as efficiency of tailing base, if calculated in percent counts there is an average of
57.80% of samples that become tailings in this experiment. This tailing rate is quite high
because of the limited power that can be provided by the power supply and also the agi-
tation system which is still made manually, thus making many samples left at the bottom
of the slurry drum. To find out the distribution of particles that can be attract into products
and tailings, a sieve analysis is conducted for the results of this experiment, the distribution

data is shown in Table 5.

Table 5. Matte Pond Sieve Analysis Results, sloping chute at an angle of 15 deg.
Product (514 gr) Tailing (500 gr)

Size (mesh
( ) Weight (gr) Percentage (%) Weight (gr) Percentage (%)

- 100 1.6 0.31 1.9 0.3
+100 - 140 7.7 1.50 6.9 1.38
+140 - 200 50.8 9.88 43.2 8.64
+200 -230 80.1 15.58 99.6 19.92
+230-325 182.9 35.58 240.4 48.08
+325-400 61.3 11.93 25 0.5

- 400 127.1 24.73 103.2 20.6

Loss 2.5 0.49 2.3 0.46
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The sample used to carry out this sieve analysis is a sample that has been homoge-
nized and taken approximately 500gr to be further tested on a sieve shaker machine to
determine its size distribution. It can be seen that the most particles into a product are +230
- 325 mesh particles which are 182.9gr or 35.58% for products and particles +230 - 325 mesh
which are 240.4gr or 48.08% for tailings, this is influenced because the second largest num-
ber of particles in the sample makes it possible to recover more and become tailings sim-

ultaneously.
Experiment with the sloping chute at an angle of 20 deg

Table 6 shows the experimental results with the sloping chute at an angle of 20 deg.

Table 6. Experiment results with the sloping chute at an angle of 20 deg.

Current Feed Product Tailing efficiency (Product efficiency
(A) (kg) (kg) (kg) Base) (%) (Tailing base)(%)
3.75 16 2.854 9.588 17.83 59,92
3.75 16 2.302 12.846 14.38 80,28
3.75 16 3.890 12.566 24.31 78,53

Average 3.015 11.667 18.84 7291

In Table 6 it can be seen that from the 16 kg samples tested, an average of 3.01 kg
became a product and was calculated as efficiency product base. While for tailings from
samples weighing an average of 11.66 kg which is calculated as the efficiency of tailing
base, if calculated in percent counts there is an average of 72.91% of samples that become
tailings in this experiment. This tailing rate is quite high because there is an increase in the
angle of 50, the limited power that can be provided by the power supply and also the
agitation system which is still made manually, thus making many samples left at the bot-
tom of the slurry drum and the slope of the chute high enough to make the slurry flow
with very fast and makes the magnetic drum time to attract samples so short that many
samples become tailings. To find out the distribution of particles that can be attract into
products and tailings, a sieve analysis is conducted for the results of this experiment, the
distribution is shown in Table 7.

It is known that the particles which are the most widely produced are particles of
+230 - 325 mesh in the amount of 155.5gr or 31.1% and for tailings the same thing is ob-
tained, where the particles most attracted by magnets are particles sized +230 - 325 mesh
as many as 219.6gr or 43.92% of the total particles that become tailings. This is influenced
because the number of particles measuring +230 - 325 mesh is the most in the sample so

that it is possible to recover more and become tailings simultaneously.
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Table 7. Matte Pond Sieve Analysis Results, sloping chute at an angle of 20 deg.

Product (504 gr) Tailing (500 gr)

Size (mesh)
Weight (gr) Percentage (%) Weight (gr) Percentage (%)

- 100 1.9 0.38 2.2 0.44
+100 - 140 8.0 1.60 8.4 1.68
+140 - 200 57.9 11.58 61 12.20
+200-230 95.7 19.14 122.7 24.54
+230-325 155.5 31.10 219.6 43.92
+325 - 400 37 7.40 28.5 5.70

- 400 146.8 29.36 57.6 11.52

Loss 2 0.24 0 0

Experiment with the sloping chute at an angle of 25 deg

Table 8 shows the experimental results with the sloping chute at an angle of 250.

Table 8. Experiment results with the sloping chute at an angle of 25 deg.

Current Feed Product  Tailing efficiency efficiency
(A) (kg) (kg) (kg) (Product Base) (%) (Tailing base) (%)
3.75 16 2.534 10.214 15.83 63.83%
3.75 16 2.338 9.878 14.61 61.73%
3.75 16 2.376 10.360 14.85 64.75%
Average 2.416 10.159 15.09 63.43%

Table 8 shows that out of the 16 kg samples tested. an average of 2.416 kg became a
product and was calculated as efficiency product base. if calculated in percent counts there
was an average of 15.09% of samples that could be attract by HAP magnetic separator.
While for tailings from samples weighing an average of 10.15 kg which is calculated as the
efficiency of tailing base. if calculated in percent counts there is an average of 63.43% of the
samples that become tailings in this experiment. This tailing rate is the highest when com-
pared to the other slope. Same as the situation in the two previous experiments this was
due to the limited power that could be provided by the power supply and also the agitation
system which was still made manually. One important point of the low efficiency in ex-
periments with the sloping chute at an angle of 250 is due to the increase in slope which is
quite far compared to other variables and variables recommended by some of the litera-
ture. As a result. experiments with sloping chute at an angle of 250 make the slurry flow
very quickly and make the magnetic drum time to attract the sample very short so that
many samples become tailings. To find out the distribution of particles that can be attract
into products and tailings. a sieve analysis is conducted for the results of this experiment.

the distribution is shown in Table 9.
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Table 9. Matte Pond Sieve Analysis Results. sloping chute at an angle of 25 deg.

Product (500 gr) Tailing (500 gr)
Size (mesh)
Weight (gr) Percentage (%) Weight (gr) Percentage (%)

- 100 23 0.46 21 0.42
+100 - 140 13.1 2.62 9.6 1.92
+ 140 -200 79.6 15.92 51.1 10.22
+200-230 92 18.4 76 15.20
+230-325 185.7 37.14 225.7 45.14
+325 - 400 29.5 5.90 95.3 19.06

- 400 78.2 15.64 35.6 712

Loss 19.6 3.92 4.6 0.92

It is known that the particles which are the most widely produced are particles of
+230 - 325 mesh in the amount of 185.7gr or 37.14% and for tailings the same thing is ob-
tained. where the particles most attracted by magnets are particles sized +230 - 325 mesh
as many as 225.7gr or 45.14% of the total particles that become tailings. this is influenced
because the number of particles of that size is the most in the sample so it is possible to

recover more and become tailings simultaneously
4. Conclusions

The most optimum slope of the chute results of this study is 150. The greater the
slope angle. the higher the flow rate. high productivity. but will reduce efficiency. so the
efficiency is low. If the chute angle is low. the efficiency is high. but the production capac-
ity is low and the optimum value of the slope of the chute is 15°. The biggest average of
efficiency obtained from this study was 24.48%. far greater than the previous research
results of 2.4%. In this study. the most dominant particle size of the sieve analysis results
in size +230 - 325 mesh. Particles of this size are the most products or tailings in this ex-
periment. With the presence of HAP Magnetic Separator for handling undersized prod-
ucts. with 24.48% efficiency.
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Abstract: This research focuses on the development of an automated system for the production of
aromatherapy candles using waste cooking oil. The study addresses the challenges faced in
small-scale production, including limited capacity, manual processes, and inconsistent product
quality. To overcome these challenges, an automated machine is proposed to improve efficiency
and productivity. The homogenization process and heating time were identified as critical areas
for improvement. A sequential control system was successfully implemented, enabling the con-
version of waste cooking oil into aromatherapy candles with a production capacity of 10.5 liters
per unit run. The motor control system utilized On-Off control with modified power input to
minimize vibration issues, operating the motor at 50-60 RPM. The temperature heater control sys-
tem employed a PID control method, specifically the Ziegler-Nichols type 2 method, with Kp and
Ki values of 247.5 and 1.104, respectively. The chosen PID parameters demonstrated satisfactory
perfor-mance, including a rise time of 22.95 minutes, maximum overshoot of 2.85%, and a dead
time of 510 seconds. The implemented system was controlled using an Arduino controller, ensur-
ing a fast response and stable operation.

Keywords: Automation; Aromatherapy Candle Machine; PID; Control; Arduino.

1. Introduction

In general, the Indonesian population has a preference for fried foods. This has led
to an increasing consumption of palm oil for cooking purposes each year, parallel to the
population growth. Based on data from the Indonesian Central Bureau of Statistics (BPS)
in 2019, the per capita consumption of palm oil for cooking purposes reached 10.79 liters
per year in 2018. It is predicted that the consumption of palm oil for cooking purposes in
2019 and 2020 will increase to approximately 11.09 and 11.38 liters per capita per year,
respectively[1].

The household economy exhibits significant diversity, resulting in varying practices
regarding the usage of cooking oil. While some households dispose of cooking oil after a
single use, others employ it for multiple frying sessions. Typically, cooking oil can be
safely used for up to 3 or 4 frying sessions. However, when cooking oil is repeatedly re-
used, its fatty acid content becomes more saturated, causing a color change known as
"used cooking oil" or "minyak jelantah." This used cooking oil is highly unsuitable for
consumption or further reuse in frying food. The continuous ingestion of used cooking
oil and its subsequent accumulation in the human body can lead to long-term health is-
sues. Negative consequences of consuming used cooking oil include abnormal fat de-
posits, an increased risk of cancer, and the loss of neural control functions|1, 2].

Used cooking oil waste is a prevalent problem in the culinary sector, from large
restaurants to street vendors and households. Cooking food typically involves frying,
leading to the production of used cooking oil waste in every household[1].
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Used cooking oil is a waste product generated from the consumption of cooking oil,
both in household settings, restaurants, street vendors, and other needs. In the Badak
LNG environment, there is used cooking oil waste generated by Badak LNG's partner,
such as catering services. The amount of waste generated by the catering services of PT
Badak NGL's partners is quite significant, ranging from twenty-five to fifty liters per
week. This is consistent with the high demand for food orders almost every day. If not
properly managed, the generated used cooking oil waste can pollute the environment
when disposed of in sewers, ditches, soil, and other areas. It is essential to implement
effective waste management to ensure environmental sustainability. There are various
options for treating used cooking oil waste to avoid wasteful disposal, As previously
conducted by researchers, there have been various approaches to address the issue like
Processing of used cooking oil (jelantah) as a substitute for kerosene fuel (biofuel)[3],
Conversion of used cooking oil waste into dishwashing soap for pollution mitigation
and community empowerment[4], Utilization of leftover cooking oil waste and coffee
grounds to produce scented soap for household use and as an alternative for small-scale
household industries|[5, 6].

The partner of PT Badak LNG, through Salin Swara (Sampah Keliling Swadaya
Masyarakat), has conducted experiments on small-scale production of aromatherapy
candles utilizing used cooking oil waste. However, several challenges were encountered
during the experiment, including limited production capacity, manual heating and stir-
ring processes, and inconsistent product quality. To address these challenges, a dedi-
cated unit is required to process the used cooking oil waste into aromatherapy candles,
enabling Salin Swara to produce them more easily and effectively. Through this re-
search, an automated machine is proposed to expedite the process by transforming
manual tasks into automated ones, aiming to enhance efficiency and productivity. In the
small-scale production conducted at the laboratory level, several challenges were en-
countered during the process of making aromatherapy candles. One of the challenges
was the inadequate quality of the resulting aromatherapy candles due to an ineffective
homogenization process. Additionally, the heating process for the mixture took a long
time. Furthermore, the process of converting used cooking oil waste into aromatherapy
candles was lengthy, highlighting the need for an automated system to facilitate the
production process.

Therefore, this research focuses on addressing these challenges by designing an
automated system for the processing unit of used cooking oil waste into aromatherapy
candles. The aim is to enable the production of aromatherapy candles to be conducted
more easily and effectively. The automation system is designed to allow users to per-
form the production process of aromatherapy candles with ease, safety, and efficiency.
The automation system includes motor control for stirring, heating elements, valves,
pumps, and their sequential operations. The expected outcome of this research is to effi-
ciently and effectively process used cooking oil waste into high-quality aromatherapy
candles.

2. Materials and Experiment Methods

The process flow of converting used cooking oil waste into aromatherapy candles
like Figure 1 is as follows:

a) The used cooking oil waste enters an adsorption and filtration column for the pro-
cess of filtering and absorbing impurities present in the waste. This absorption pro-
cess involves the use of specially treated bananas.

b) The used cooking oil waste is pumped into a feed storage before being used as a raw
material for the production of aromatherapy candles.

c) A manual valve at the bottom of the feed storage is used for sampling and draining
the used cooking oil waste.
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d) If the used cooking oil waste that has passed through the adsorption and filtration
column does not meet the required quality standards, it undergoes another round of
adsorption and filtration process until the desired results are achieved.

e) The compliant feed oil is pumped into a mixer column.

f) Stearic acid, in powder form, is introduced into the mixer column using a modified
valve with the assistance of a servo.

g) Liquid dye is introduced into the mixer column through gravity flow, with the so-
lenoid valve opening and closing based on a predetermined time delay.

h) Fragrance is introduced into the mixer column through gravity flow by opening the
solenoid valve located below. The solenoid valve opens based on a predetermined
time delay.

i) The mixer and heater are activated according to the established operational specifi-
cations.

j) The resulting aromatherapy candle product is collected in prepared containers.

Figure 1. Process and Flow Diagram

The control system of the aromatherapy candle production unit utilizes sequential
control, which is regulated by an Arduino Mega. The steps of the control system align
with the explanations provided in the Process and Flow Diagram (PFD). The Arduino
Uno is specifically used for controlling the motor and heater. The Arduino Mega acts as
the main controller, overseeing the sequential control of the entire process. It receives
input signals from various sensors and switches, enabling it to monitor the status of the
process and trigger the necessary actions. The Arduino Uno is dedicated to controlling
the motor and heater. It receives commands from the Arduino Mega and executes the
corresponding actions can see at Figure 2 and Figure 3 for protection line for machine.
For example, it controls the motor's speed and direction for the mixer column, as well as
the heater's temperature for the heating process. By integrating these Arduino boards
into the control system, precise and automated control of the production process of
aromatherapy candles can be achieved, ensuring consistent quality and efficient opera-
tion.
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Figure 2. Schematic of automatic control machine
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The pump in the aromatherapy candle production unit is powered by a 12V motor
voltage. The pump's primary function is to circulate the liquid fluid, which is the feed
used cooking oil. Additionally, the pump is responsible for transferring the treated used
cooking oil to the feed storage column.

The pump that transfers the used cooking oil to the feed storage column is con-
trolled using a simple on-off mechanism, without the use of a relay. On the other hand,
the pump that transfers the used cooking oil into the mixer column utilizes a relay,
which remains active for a predetermined time delay.

The servo functions as a valve for the stearic acid. It operates as a driving mecha-
nism to open and close the pipe for a specific period based on the obtained time delay.
The servo changes its position from 0 degrees to 180 degrees when it is open. Once the
time delay is reached, the servo returns to its previous position.

The Solenoid Valve operates in an on-off mode based on the predetermined se-
quential or alternate process flow. It is controlled using a relay for its operation.

The Heater functions as the heating element for the entire material. It is controlled
using a PID (Proportional-Integral-Derivative) controller with the assistance of a Zero
Cross AC Light Dimmer. A K-type thermocouple sensor[7] is employed to provide re-
al-time temperature readings at intervals of 500 ms.

The Motor's output voltage is regulated using a Zero Cross AC Light Dimmer[8, 9].
The voltage is adjusted to maintain a constant RPM (Revolutions Per Minute) as per the
predetermined parameters.
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Figure 3. Schematic of automatic control machine

Tuning is the term used to describe the methods used to select the optimal control
settings to achieve a specific performance outcome. In this research, two tuning methods
are used for PID tuning, namely the Ziegler-Nichols type 2 method and the Cohen-Coon
method. The Ziegler-Nichols type 2 method is a widely used tuning method that in-
volves identifying the critical gain and critical period of the system. Based on these val-
ues, the proportional, integral, and derivative gains of the PID controller are calculated.
The Cohen-Coon method is another tuning method that focuses on determining the ul-
timate gain and ultimate period of the system. These values are then used to calculate
the PID gains. Both methods aim to find the optimal PID controller parameters that pro-
vide stable and satisfactory performance for the heating process in the research. The
choice of which method to use depends on factors such as the system dynamics and the
desired performance criteria[10]. The Ziegler-Nichols type 2 method disregards the in-
tegral and derivative actions of the PID controller and focuses only on the proportional
gain, Kp. The value of Kp is gradually increased from a low value until the system ex-
hibits sustained oscillations without any clear increase or decrease. The value of Kp that
produces this response is then recorded as Kcr (critical gain). Once Kcr is determined,
the Ziegler-Nichols type 2 method provides formulas to calculate the optimal PID values
based on Kcr. These formulas involve adjusting the proportional, integral, and deriva-
tive terms using predetermined factors. The Ziegler-Nichols type 2 method is a com-
monly used technique for tuning PID controllers to find optimal control parameters.
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Although this method is relatively simple, it can provide satisfactory results for stable
systems with clear oscillations.

o
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Figure 4. Determine Pcr Parameter response

The PID tuning method of Ziegler-Nichols type 2 recommends adjusting the PID
parameters based on the obtained values of Kcr and Pcr. The recommended tuning val-
ues are as follows:

Table 1. Parameter of Ziegler-Nichols 2

Mode Ky, Ti Ta
P 0.5*Kcr - -
PI 0.45*Ker | 0.85*Pcr | -

PID 0.6*Kcr 0.5*Pcr 0.12*Pcr

In Table 1, Kp, Ti, and Td represent the proportional gain, integral time, and deriv-
ative time values, respectively. The P mode uses only proportional control, the PI mode
uses proportional and integral control, and the PID mode uses proportional, integral,
and derivative control. By using Table 1, you can adjust the PID values according to the
desired response of your system. Please note that the Ziegler-Nichols method is a gen-
eral tuning method and may need further adjustments depending on the characteristics
of your specific system.

The Cohen-Coon method is typically used for open-loop systems. The Cohen-Coon
tuning rules are suitable for self-regulating processes when the control objective requires
a fast response. It is recommended to divide the calculated controller gain by two. The
Cohen-Coon method is particularly suitable for systems with a significant dead time. In
the Cohen-Coon method, the process is conducted by applying a step input to the
open-loop system until the response reaches a steady state. Once the response reaches a
steady state, another step input is applied. The resulting signal of the change is used to
design the PID values. By analyzing the response to the second step input, specific pa-
rameters can be determined to calculate the PID values. These parameters include the
ultimate gain (Ku), ultimate period (Pu), and ultimate time (Tu). The ultimate gain is the
maximum change in output divided by the change in input during the second step re-
sponse.

3. Results And Discussion

The Mixer Column at Figure 5 serves as the location for the homogenization (mix-
ing) of all the ingredients used in aromatherapy candle production, including 3 L of
used cooking oil, 7 kg of stearic acid, 400 mL of fragrance, and 100 mL of colorant. The
homogenization process takes approximately 45 minutes to 1 hour at a setpoint temper-
ature of around 70 degrees Celsius. The Heater is used to heat the Mixer Column and is
controlled by a PID controller to maintain the desired temperature effectively.

The Motor is utilized to drive the agitator, which facilitates the mixing of the used
cooking oil, stearic acid, fragrance, and colorant. Based on laboratory-scale experiments,
it was found that the ingredients do not mix evenly without agitation. However, exces-
sive agitation can lead to the formation of foam. Therefore, a gentle agitation technique
is required to ensure thorough mixing of all the ingredients without excessive foaming.
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Figure 5. Automtic Machine for Converting Waste Cooking Oil into Aromatherapy Candles

In this research, a 350 Watt heater at Figure 6 and a 200 Watt motor are utilized. The
heater is controlled using a PID controller with the assistance of a Zero Cross AC Light
Dimmer PWM. The PID control ensures effective temperature regulation at the setpoint.
The 200 Watt motor, when used as the agitator at a temperature of 70 degrees Celsius, is
found to be too powerful. Therefore, voltage control is implemented for the motor, spe-
cifically set at 40 V. Through testing, it has been determined that at this voltage, the mo-
tor can rotate at a speed ranging from 50 to 60 RPM. This voltage control approach al-
lows achieving the desired mixing intensity without excessive agitation.

Figure 6. Heater element

3.1. Control Technique
3.1.1. Sequential Control System

Sequential Control System is a control system that performs a series of control op-
erations in a predetermined sequence. Typically, sequential control executes commands
that have two states sequentially, such as start/stop, up/down, close/open, on/off signals,
and so on. The system follows a predefined order of operations to achieve the desired
control objectives. Sequential control is commonly used in various applications where
specific actions need to be carried out in a specific order or sequence.

"3
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Figure 7. Arduino Mega for sequential controlling valve and servo

Figure 7 describe the sequential control system used to regulate the sequence of the
aromatherapy candle production process using waste cooking oil as the main ingredient
in an automated system consists of several components.
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3.1.2 The control system for the mixer motor

In the homogenization process of the ingredients for aromatherapy candle produc-
tion in the mixer column, thorough mixing of the ingredients is necessary to ensure
proper composition. The mixing is achieved using an agitator powered by an AC motor.
The AC motor is controlled by an Arduino Uno R3 through a zero-cross AC dimmer.
The motor is controlled using On-Off control with additional power manipulation mod-
ifications. Power manipulation is implemented to address the issue of vibration when
the agitator receives full power from the AC motor. Therefore, tests were conducted to
determine the appropriate power level for the AC motor like Figure 8 as the driver for
the agitator.

Figure 8. Arduino and AC dimmer controlling the mixer motor

The AC electric motor at Figure 9 is an electromechanical device that converts elec-
trical energy into mechanical energy. It consists of two main components: the stator (sta-
tionary part) and the rotor (rotating part). When electric current flows through the sta-
tor, magnetic field lines or flux lines are generated, resulting in the production of an
electromagnetic force (EMF) that creates a rotating field, following Faraday's Law. The
AC motor serves as the driving mechanism for the agitator in the mixer column, which
has been designed by the mechanical team. However, the agitator has a limitation due to
poor installation of the coupling/connection between the motor and the agitator. Visual-
ly, it can be observed that the alignment of the shaft connection is not optimal. As a re-
sult, when rotational power is applied from the selected AC motor, significant vibrations
occur. These vibrations cause the upper support section to shake and result in the agita-
tor colliding with the walls of the mixer column. To address this issue, power input con-
trol is implemented for the AC motor. After conducting tests, the agitator operates at an
RPM of 50-60 to mitigate the vibrations and maintain stable operation.

Figure 9. Single Phase AC Motor

3.1.3 Temperature control system

In the process of homogenizing the ingredients for making aromatherapy candles in
the mixer column, a heating system is necessary to ensure proper mixing of all the mate-
rials. The stearic acid needs to be heated to melt and blend with the other ingredients.
The heater is designed to operate above the melting point of stearic acid and below the
boiling point of the used cooking oil. A set point temperature of 70 degrees Celsius has
been determined for the heater control. The control system is designed to rapidly reach
the target temperature of 70 degrees Celsius and maintain it effectively.

The temperature of the heater with Arduino uno and dimmer at Figure 10 is con-
trolled using a PID (Proportional-Integral-Derivative) control scheme, specifically em-
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ploying the PI (Proportional-Integral) mode. This choice is made to ensure the system
exhibits a fast response time to reach the set point temperature and minimizes
steady-state error.

Figure 10. Arduino Uno and Dimmer Controlling Temperature

3.2. Experimantal Testing
3.2.1 DC pump 12V

Testing of the DC 12 V pump component was conducted by supplying electrical
current to the pump, allowing it to circulate used cooking oil. The circulated oil was col-
lected in a designated container. The volume of the circulated used cooking oil was
measured and compared with the pump's operating time can see at eq 1.

Q=VHh, (1)

Q =Discharge

V =Volume

t =Time
3.2.2 Thermocouple type K

Testing of the Type K thermocouple was conducted using a sampling method and
comparing the measurement data with a reference thermometer. Data was collected
within a temperature range of 30 to 100 degrees Celsius can see data at Table 2. Sam-
pling was recorded for every 5-degree Celsius increment on the thermometer.

Table 2. Experimental Testing Thermometer beetwen Type K Thermocouple

Sensor read Error (°c)
Thermometer Type K thermocouple
30 30 0
35 34,75 0,25
40 39,5 0,5
45 45 0
50 49,25 0,75
60 60,25 0,25
65 65 0
70 69,75 0,25
75 74,5 0,5
80 79,5 0,5
85 85 0
90 90,25 0,25
95 94,75 0,25
100 100,25 0,25
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3.2.3 Agrigator motor and Zero Cross Detector

Testing of the motor and Zero Cross was conducted to understand the behavior of
the motor and Zero Cross based on input from the Arduino. The Zero Cross controls the
Z-C signal provided by the Arduino (0-1024) and represents it as a percentage from 0 to
100%. The table above represents direct measurements taken when the motor acted as
the agitator drive and was supplied with different voltage variations. The motor started
moving when a voltage of 33 V was applied can see data experimental at Table 3.

Table 3. Experimental Testing Motor Speed

Speed (%) (1-1024) Voltage (V) RPM
5 51,2 3 0

10 102,4 8 0

15 153,6 13 0

20 204,8 22 0

25 256 33 22
30 307,2 45 100
35 358,4 61 148
40 409,6 80 166
45 460,8 95 180
50 512 112 >180
55 563,2 132 >180
60 614,4 148 >180
65 665,6 164 >180
70 716,8 174 >180
75 768 190 >180
80 819,2 201 >180
85 870,4 212 >180
90 921,6 217 >180
95 972,8 220 >180
100 1024 220 >180

At Figure 11 voltages above 95 V, the agitator motor will rotate at a speed of 180
RPM. At this RPM, the upper support of the mixer column will vibrate, and the motor
becomes unstable, causing the agitator to collide with the walls of the mixer column. If
the voltage supplied to the motor exceeds 95 V, it is certain that the agitator motor is
outside the specifications of the mixer column. In this case, a voltage of approximately
40 V is chosen as the appropriate voltage that aligns with the mixer's specifications and
the aromatherapy candle manufacturing process.

3 8 13 22 33 45 61 80 95 112132 148 164 174 190 201 212 217 220 220

Figure 11. Graphic of experimental motor

3.3 PID Tunning

Tuning refers to the methods used to select the optimal control settings to achieve a
specific performance. There are two methods used in PID tuning in this paper, the Zieg-
ler-Nichols type 2 method and the Cohen-Coon method.

3.3.1 Tunning Ziegler-Nichols type 2 method

In this case, the integral and derivative actions are disregarded. The system is only
given the proportional gain (Kp) value. The Kp value is gradually increased from the
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lowest value until the system exhibits sustained oscillation without any noticeable in-
crease or decrease. The Kp value that produces this response is then recorded and re-
ferred to as Kcr. The Pcr value is obtained from the time between two peaks in the sys-
tem's response.

From Figure 12, the value of Kcr is 550 and the value of Pcr is 269. Based on these
values.

Ker = 550

80
70
60
50
40
30
20
10

1013; 72 1282,5;73 | 1517,5; 71

aaaaa

Figure 12. Oscilation of heater

In this paper, a PI controller was chosen because it requires a fast response and is
able to maintain steady-state conditions. The system response tends to be smooth, and
sustained oscillations were only observed at the Kcr value of 550. Therefore, the decision
was made to only use the PI controller without incorporating the derivative control.

Determine Kp and Ki Value from equations 2 and 3.

Kp = 0,45 X Ker ()

Kp = 0,45 X 550 = 247,5

. 1
Ti = ﬁ X Per (3)

1
Ti=—X 269 = 224,16
1,2

]

Kp
Ki=—
YT
Kp 2475
Ki=—= =1,104
Ti 224,16

3.3.2 Ziegler-Nichols type 2 Response analsys

Figure 13 represents the data obtained from the overall heating process of the mate-
rials used in aromatherapy candle production by the temperature heater control system.
Based on the graph, the control system has a rise time of 1377.5 seconds or 22.95
minutes, a maximum overshoot at a temperature of 72 degrees Celsius or 2.85% of the
set point, and a dead time of 510 seconds.

Ziegler-Nichols
80

70

60

s0

40

30

20

Figure 13. Graphic Ziegler-Nichols type 2 Heater response analsys
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3.3.3 Tunning Cohen-Coon method

The Cohen-Coon method is typically used for open-loop systems. The Cohen-Coon
tuning rules are suitable for self-regulating processes where the control objective re-
quires a fast response, but it is recommended to divide the calculated controller gains by
two. The Cohen-Coon method is suitable for systems with a significant dead time. This
method is performed by applying a step input to the open-loop system until the re-
sponse reaches a steady-state. After reaching the steady-state, another step input is ap-
plied to the system. The resulting signal of the change is then used to design the PID
values.

Input 35%

60

a0

20

Si83IBRNIEERITIRBISISRIILBE8SIRIRIEEEESS
SIS RIRSRIRREIRETIIILBSESSTRIETRSBIRIREITIES
SERIARSSISSRSTBRIRSIEIISESSEEEIREBSIES

Figure 14. Graphic Cohen-Coon Heater response analsys

Figure 14 represents the data obtained from the overall heating process of the mate-
rials used in aromatherapy candle production by the temperature heater control system
with input step power 35%, Dead time (td) is 977 s.
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Figure 15. Graphic Slope Heater response analsys

From Figure 15 we can determine:

Change in PV = 102 - 29 =73, Change in CO = 35 - 0 = 35, 0,632 * change in pv =
46,136, tau (t) = 1197,5, gp = change in PV/change in CO =73/35 = 2,085714.

Determine Kc and Ki Value from equations 4 and 5.

09/t
Kc = 5(5 + 0,092) (4)
Kc = 0.9 (1197’5 +0 092) = 0,5685
€= 2085714\ 977 " 0) T
. t + 0,092 td
Ti = 3,33td ————— (5)

t+2,22td

1 — 3330977, L1975 + 0092 (977)
1=33307) 11975 1 2.22 (977

Ti = 1244,159

Kc 05685

Ki= —=
Ti  1244,159

= 0,000457



Recent in Engineering Science and Technology 2023, Vol. 01 No. 03| https://doi.org/10.59511/riestech.v1i03.20 24 of 25

3.3.4 Cohen-Coon response analysis

Figure 16 represents the data obtained from the overall heating process of the in-
gredients in aromatherapy candle production by the temperature heater control system.
Based on the graph, the control system has a rise time of 4835 seconds or 80.58 minutes,
a maximum overshoot at a temperature of 70.5 degrees Celsius or 0.714% of the set
point, and a dead time of 1746 seconds.

4. Conclusions

In conclusion, the application of an automatic system with sequential control was
successfully implemented in the processing unit of converting waste cooking oil into
aromatherapy candles with a production capacity of 10.5 liters per unit run. The motor
control system for the agitator was implemented using an On-Off control with power
input modification to mitigate vibration issues. The motor was controlled to operate at a
speed of 50-60 RPM. The temperature heater control system was implemented using a
PID control method.

For the PID tuning, the Ziegler-Nichols type 2 method was chosen, resulting in a
Kp value of 247.5 and Ki value of 1.104. This tuning configuration provided satisfactory
performance with a rise time of 22.95 minutes, maximum overshoot of 2.85%, and a dead
time of 510 seconds. The chosen PID parameters ensured a fast response and maintained
stable conditions.

Overall, the implemented automatic system with sequential control, motor control,
and temperature heater control proved to be effective in the production process of aro-
matherapy candles from waste cooking oil. The selected PID tuning parameters based
on the Ziegler-Nichols method demonstrated good performance characteristics, contrib-
uting to efficient and reliable operation.
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Abstract: This article focuses on the application of deep learning methods for failure prediction.
Failure prediction plays a crucial role in various industries to prevent unexpected equipment fail-
ures, minimize downtime, and improve maintenance strategies. Deep learning techniques, known
for their ability to capture complex patterns and dependencies in data, are explored in this study.
The research employs Multi-Layer Perceptron as deep learning architectures. This model is trained
on AI4I 2020 Predictive Maintenance data to develop accurate failure prediction models. Data pre-
processing involves cleaning, feature engineering, and normalization to ensure the quality and suit-
ability of the data for deep learning models. The dataset is split into training and testing sets for
model development and evaluation. Performance evaluation metrics such as accuracy, ROC, and
AUC are utilized to assess the models' effectiveness in predicting failures. The experimental results
demonstrate the effectiveness of deep learning methods in failure prediction. The models showcase
high accuracy and outperform SVM approaches, particularly in capturing intricate patterns and
temporal dependencies within the data. The utilization of Multi-Layer Perceptron architecture fur-
ther enhances the models' ability to capture long-term dependencies. However, challenges such as
the availability of diverse and high-quality data, the selection of appropriate architecture and hy-
perparameters, and the interpretability of deep learning models remain sig-nificant considerations.
Interpretability remains a challenge due to the inherent complexity and black-box nature of deep
learning models. In conclusion, deep learning method offer significant potential for accurate failure
prediction. Their ability to capture complex patterns and temporal dependencies makes them well-
suited for analyzing operational and sensor data. Future research should focus on addressing chal-
lenges related to data quality, interpretability, and model opti-mization to further enhance the ap-
plication of deep learning in failure prediction.

Keywords: Failure prediction; Deep learning; Multi-Layer Perceptron

1. Introduction

In today's industry, efficient and timely maintenance of production equipment is es-
sential to maintain smooth operations and avoid unforeseen breakdowns. Traditionally,
maintenance is carried out routinely based on a predetermined schedule or based on vis-
ible signs of damage. This approach is often ineffective as overly frequent maintenance
can lead to high maintenance costs, while late or improper maintenance can cause severe
equipment damage and disrupt production [1].

In the last few decades, technological developments have opened up new opportu-
nities in equipment maintenance through a predictive maintenance approach. Predictive
maintenance [2] is an approach that continuously monitors equipment conditions using
sensors and related technologies. By analyzing the data generated by the sensor, be it vi-
bration, temperature, pressure, or other parameters, and leveraging machine learning
techniques, we can identify the early signs and patterns that lead to equipment failure.
This way, we can take the necessary precautions before significant damage occurs.
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Research on predictive maintenance using machine learning has become popular in
the industry in recent years. Li et al. [3] built failure prediction models to avoid service
interruptions and increase rail network velocity. By using SVM to build a predictive
model for railway maintenance, the experimental results obtained show that the model
built can significantly increase business value. Kanawaday et al. [4] used the AutoRegres-
sive Integrated Moving Average (ARIMA) statistical method to predict the probability of
machine failure and production defects resulting from machine slitting, where data is col-
lected through several sensors installed in the engine. The results indicate that the predic-
tive maintenance model can reduce maintenance costs and improve the quality of the
manufacturing process.

Amruthnath et al. [5] implemented unsupervised learning to perform early failure
detection on submachines. The data used is vibration data originating from an exhaust
fan. Of the several methods used, such as Principle Component Analysis (PCA) T2 statis-
tics, Hierarchical clustering, K-Means clustering, C-Means, and Model-based clustering,
T2 statistics can outperform other methods in detecting early failures. Gohel et al. [6] pro-
posed using machine learning such as Support Vector Machine (SVM) and Logistic Re-
gression to perform predictive maintenance on nuclear infrastructure.

Sharma et al. [7] conducted a comparative study using machine learning to predict
machine failure based on several predictive maintenance datasets. The datasets used in-
clude Ai4i2020 Predictive Maintenance Dataset, MZVAV-2-1 Dataset, CWRU - Bearing
Modified Dataset and Electrical power transmission fault dataset. The random forest
method can outperform other machine learning methods such as SVM, Decision Tree,
KNN, and Logistic Regression.

From this literature review, predictive maintenance using machine learning has be-
come a promising research area in increasing the efficiency of equipment maintenance.
This approach leverages sensor data and machine learning techniques to identify early
signs of failure, so companies can take the necessary countermeasures before significant
damage occurs. Previous research has succeeded in developing an accurate damage pre-
diction model using SVM, Arima, Logistic Regression, regression algorithms, and the
other machine learning models.

However, despite significant progress in this area, there is still room for further de-
velopment. In this research, we will take advantage of the experience from previous stud-
ies and go a step further by developing a failure prediction model using deep learning
techniques based on multi-layer perceptron architecture. Combining sensor data, mainte-
nance logs, and historical breakdown data, we aim to create a more accurate and reliable
model for implementing a predictive maintenance approach in the manufacturing indus-
try.

The main objective of this research is to develop a failure prediction model using a
multi-layer perceptron technique to implement a predictive maintenance approach. Using
data collected in real time, this model will be trained to recognize critical patterns that
may indicate equipment damage or failure. Thus, the company can perform maintenance
based on the actual condition of the equipment, avoid unnecessary maintenance, and op-
timize the use of resources.

2. Materials and Experiment Methods

The research methodology consists of ten main steps. First, the problem to be studied
in the predictive maintenance domain is identified, focusing on machine failure predic-
tion. The research aims to develop an accurate predictive model to support predictive
maintenance. The second step involves collecting dataset. Dataset used in this experiment
is AI4I 2020 Predictive Maintenance data [8-10]. After that, third stage, the collected data
is processed and cleaned, including missing values, outliers, and noise handling. Explor-
ative data analysis was carried out as the next step, aiming to understand the characteris-
tics, patterns, and relationships between variables.
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After that, fourth stage, the prediction model was developed using the Multi-layer
Perceptron deep learning method. The model is trained using processed data. The model
parameters were adjusted, and cross-validation was performed to improve the perfor-
mance and generalization of the model.

Finally, model evaluation is performed using appropriate evaluation metrics, such
as accuracy, ROC, and area under the ROC curve, to measure model performance. The
model is evaluated using the validation data to test the model's predictive ability on data
that has never been seen before. If necessary, optimization and tuning of model parame-
ters are performed to improve predictive performance. By following this methodology, it
is expected to develop accurate and relevant predictive models to support predictive
maintenance efforts in the predictive maintenance domain.

3. Results and Discussion

a. Machine Failure Dataset

This study used the AI412020 Predictive Maintenance Dataset [8-10] in an experiment
using a Multi-Layer Perceptron (MLP). This dataset has several variables that are used to
determine the failure of a machine. These variables include product ID, Ambient Temper-
ature, Process Temperature, Rotation velocity, torque, and wear and tear. This data shows
an unequal proportion between failed and normal machine behaviour labels, where the
percentages are 4% and 96%, respectively. In the early stages of the experiment, the da-
taset was undersampled and normalized before entering the modelling stage. In this ex-
periment, the proportion of training and testing data for training was divided into the first
three compositions 90%: 10%, the second 80%: 20% and the last 70%: 30%.

b.  Performance evaluation

In measuring the model's performance, this study uses accuracy metrics, The Re-
ceiver operating characteristic (RoC) and Area Under the Curve (AUC). Accuracy is one
of the metrics used to evaluate the performance of a classification model. Accuracy [11]
measures how precise the model is in making the correct predictions of all the predictions.
Accuracy is calculated by comparing the number of accurate predictions with the total
number of predictions. The correct prediction is when the model correctly classifies a data
sample according to the actual label or class. Accuracy results are expressed in percentage
form, where a value of 100% indicates that the model made all predictions correctly. The
formula for calculating accuracy [11] is as follows:

Accuracy = (Number of correct predictions / Total number of predictions) * 1)
100,

Meanwhile, ROC (Receiver Operating Characteristic) [12] is a graph that describes
the performance of the classification model at different thresholds. The ROC graph plots
the True Positive Rate (TPR) on the Y-axis and the False Positive Rate (FPR) on the X-axis.
ROC provides an overview of the model's ability to discriminate between positive and
negative classes. The True Positive Rate (TPR), also known as sensitivity or recall, is the
percentage of true positives detected from all true positive samples. TPR can be calculated
by the formula:

TPR = TP / (TP + FN), @)

Where TP (True Positive) is the number of true positive predictions, and FN (False Nega-
tive) is the number of false negative predictions. Meanwhile, the False Positive Rate (FPR)
is the percentage of false negatives that are falsely detected from all false negative sam-
ples. FPR can be calculated by the formula:
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FPR=FP / (FP + TN) 3)

Where FP (False Positive) is the number of false positive predictions, and TN (True Neg-
ative) is the number of true negative predictions.

AUC (Area Under the Curve) [12] is the Area under the ROC curve. AUC is used as
a performance evaluation metric for the classification model. AUC is in the range of 0 to
1, where a value of 1 indicates a perfect classification, and a value of 0.5 indicates a random
classification. The higher the AUC value, the better the model's performance discriminat-
ing between positive and negative classes.

¢. Results and Discussion

In this study, the Multi-layer Perceptron (MLP) method is used to predict machine
failure in the context of predictive maintenance. AI4I 2020 Predictive Maintenance data
are processed and prepared for use in model development. The data is divided into train-
ing and testing data with appropriate comparisons in the early stages. Next, the data is
normalized or standardized to match the different features.

The MLP model is constructed using the appropriate architecture consisting of input,
hidden, and output layers. The number of hidden layers and the number of neurons in
each hidden layer are determined based on experiments and the specific requirements of
the failure prediction problem. After the model is constructed, training is carried out using
the processed training data. The training process involves iteratively adjusting the
weights and model parameters using the backpropagation algorithm to optimize model
performance. After the model is trained, an evaluation is carried out using confusion ma-
trix. Then Accuracy, ROC and AUC are calculated to measure the model's performance in
predicting machine failure.

The results of the accuracy of all experiments can be seen in Table 1. It can be seen in
Table 1 that the more training data used, the greater the accuracy of the resulting model.
The accuracy value of data testing using 90% training data reaches 96%. Meanwhile, the
lowest accuracy is obtained when the training data used is only 70%, whereas the accuracy
of the data testing results gets 94%.

Furthermore, other metrics, namely RoC and AUC, also show the same thing. The
RoC graph of all experiments can be seen in Figure 1. From the ROC graph for all experi-
ments, the AUC value can be derived. The AUC value for all experiments can be seen in
Table 2. In line with the high accuracy value, the AUC of data testing from experiments
using 90% of the training data is 0.99 or almost perfect, close to 1. These results show that
the model built is very precise. Meanwhile, the other AUC results for the proportion of
training and testing data 80:20 and 70:30 also offer the same values. The AUC value of
data testing for the proportion 80:20 is 0.99, while for the proportion 70:30, the AUC value
reaches 0.97.

Compared with the previous research conducted by [idrus], namely on the use of
SVM to detect machine failures with data testing accuracy reaching 88%, the MLP here
can outperform the research results. It is shown from the three metrics used that the ma-
chine failure detection model built using MLP can provide excellent accuracy. This is
demonstrated by the accuracy value reaching 96% and the AUC of 0.99. The results of
using the MLP method show an accurate and reliable level of prediction in carrying out
predictive maintenance. The performance model is evaluated based on the relevant eval-
uation metrics, and the results show high accuracy and good metric values.

Table 1. Accuracy results of each trial

Experiment Accuracy of Training Accuracy of Testing

Train : Test=90: 10 91% 96%

Train : Test =80 : 20 91% 95%
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Figure 1. RoC results from all experiments: (a) RoC Data Training 90%; (b) RoC Data Testing
10%; (c) RoC Data Training 80%; (d) RoC Data Testing 20%; (e) RoC Data Training 70%; (f) RoC Data
Testing 30%.

Table 2. AUC results of each trial

Experiment AUC of Training AUC of Testing
Train : Test=90: 10 0.97 0.99
Train : Test =80 : 20 0.97 0.99

0.96 0.97

Train : Test=70:30

By using the MLP method, it can be expected that more effective predictive mainte-
nance can be carried out in anticipation of machine failure. This model can extract com-
plex patterns in sensor data and provides reliable predictions about possible failures.
However, it should be noted that using an MLP also has some drawbacks. This method
requires extensive, high-quality training data and sufficient computational resources to
train and implement the model efficiently. In addition, interpreting results from deep
learning models can be more complex than straightforward statistical methods.
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4. Conclusions

This study uses the deep learning Multi-layer Perceptron (MLP) method to predict

machine failure in the context of predictive maintenance. The results of all experiments
can be summarized as follows:

1.

This method shows a level of prediction that is quite accurate and reliable in identi-
fying machine failures by utilizing operational data and relevant sensors. The accu-
racy value obtained reaches 96%, and the Area Under Curve value reaches 0.99.
Compared with other methods, such as Support Vector Machine (SVM), MLP can ex-
tract complex patterns in the data and study non-linear relationships that may exist
in the data to provide better performance.

In conclusion, using the MLP method can provide accurate and reliable predictions

in carrying out predictive maintenance. However, the drawbacks and complexities of this
method must be considered in its application.
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Abstract: Response spectra that happened anomaly is seen after SNI 1726:2012 and SNI 1726:2019
pub-lished, this condition has happened because the value of response spectrum design is SE < SD
< SC, SD <SE < SC, or SD < SC < SE, if this in normal condition, the value of response spectrum is
SC < SD < SE. With applied methods and procedures found by Kircher & Associates (2015) they
adjust the formula Sws & Swm1 wished response spectrum becomes normal. In this research, compar-
ing spectrum response, with spectrum response with treatment, and comparing the value SDS dan
SD1. From this research, it was found that there was a decrease in seismic loading on hard soil (SC)
and an increase in medium soil (SD) and soft soil (SE).

Keywords: Anomaly; Kircher & Associates; Spectrum Response

1. Introduction

Earthquakes are disasters that cannot be avoided and accurately predicted when and
where they will occur. Indonesia is a country with high earthquake intensity due to its
location around the convergence of three tectonic plates: the Indo-Cina plate, the Indo-
Australian plate, and the Philippine plate [1][2]. The impact of ground acceleration during
earthquakes needs to be considered in the design of buildings and infrastructure. During
an earthquake, buildings will experience shaking on the ground surface, leading to their
destruction. Therefore, structural design regulations that accommodate earthquake loads
are essential to reduce the damage caused by earthquakes in Indonesia [3][4].

In Indonesia, there are already earthquake-resistant building regulations that are up-
dated every five years. Indonesia has had earthquake regulations starting from the Indo-
nesian Load Regulation (PPI) in 1970, the Indonesian Earthquake-Resistant Building Plan-
ning Regulation (PPTI-UG) in 1983, SNI 1726:2002 - Standard for Earthquake Resistant
Building Planning, SNI 1726:2012 - Guidelines for Earthquake Resistance Planning for
Building and Non-Building Structures, and SNI 1726:2019 - Guidelines for Earthquake
Resistance Planning for Building and Non-Building Structures. These regulations are
based on the update of the National Seismic Map, which resulted in the Seismic Source
and Hazard Map of Indonesia in 2017. This map is an enhancement of the Seismic Source
Map in 2010 [5][6][7]. The increase in seismic sources will affect the magnitude of earth-
quake forces in earthquake-resistant building design [8]

Since the implementation of SNI 1726:2012 and SNI 1726:2019, many locations have
been found to exhibit anomalous response spectra. These anomalies occur in the design
for short periods (SDS) and are divided into three types as follows: Type I anomaly is SE
<SD < SC, Type II anomaly is SD < SE < SC, and Type III anomaly is SD < SC < SE [4][5].
Here, SE represents earthquake acceleration on soft ground conditions, SD is earthquake
acceleration on medium ground conditions, and SC is earthquake acceleration on hard
ground conditions [6][9][10].
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Response spectra represent a graph showing the relationship between earthquake
acceleration Sa (y-axis) and vibration period T in the x-direction. The design response
spectra referring to SNI 1726:2019 in various cities in Indonesia have experienced many
anomalies [9][11]. Based on this condition, it is essential to determine the percentage of
difference in earthquake acceleration on the design response spectra for soft, medium, and
hard ground conditions during anomalies and after normalization using the Kircher &
Associates method. These results can serve as considerations and references for structural
designers to determine planned earthquake loads.

1.1. Respon Spektra

The text discusses the process of creating design response spectra according to SNI
1726:2019 and ASCE 7-16, along with the parameters of earthquake acceleration SS and 51
obtained from MCER (Maximum Considered Earthquake Response) maps.

. x F < 2/3
) —~l -
S > Sys > Sps

S, x F > Sun x 2/3 > S

Figure 1. Shows a schematic illustration of the process of creating design response spectra.

The earthquake acceleration parameters, Ss and Si1, are mapped values obtained from
the MCER map. To obtain the values of Ss and S1 at specific latitude and longitude coor-
dinates, interpolation is performed from the four nearest points on the grid. In this study,
the website http://rsa.ciptakarya.pu.go.id/2021/ is used to determine the values of SS and
51, following SNI 1726:2019. These values can be obtained from the MCER map for short
periods of 0.2 secondsGambar 1 memperlihatkan ilustrasi skematik pembuatan respon
spektra desain menurut SNI 1726:2019 dan ASCE 7-16 [11][12].
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Figure 2. Depicts the Map of Spectrum Acceleration Response for 0.2 seconds [(MCE) _R
(SNI 1726:2019) [11].
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Figure 3. 1-second Response Spectrum Acceleration Map [(MCEJ _R (SNI 1726:2019) [11]

Based on the provided text, it discusses the coefficients for site amplification Fa and
Fv, and the differences between SNI 1726:2019 and ASCE 7-16. SNI 1726:2019 adopted the
results of a study from the Pacific Earthquake Engineering Research (PEER), which shows
slight differences compared to ASCE 7-16. Research has identified weaknesses in the seis-
mic design procedures ELF (Equivalent Lateral Force) and MSRA (Modal Spectral Re-
sponse Acceleration) in ASCE 7, particularly regarding the use of two response periods
(short period and 1.0-second period) to determine seismic forces in the design [14][15].
Kircher & Associates recommended this research to improve the seismic design require-
ments of NEHRP 2015 and ASCE 7-16 to avoid anomalies in the response spectra [14].
There are two parameters, Ca and Cv, for adjusting the shape of the response spectra,
which are shown in Table 3 to Table 6 [9][11].

Table 1. Fa Site Coefficient [11]

parameter of acceleration of MCER spectral responsein short period (0.2 second)

Site Class SNI SNI SNI SNI SNI SNI

1726:2019 1726:2019 1726:2019 1726:2019 1726:2019 1726:2019
Ss£0.25 Ss=10.3 Ss=10.73 Ss=1.0 Ss=1723 Ss>13

SA 0.8 0.8 0.8 0.8 0.8 0.8

SB 0.9 0.9 0.9 0.9 0.9 0.9

SC 1.3 1.3 1,2 1.2 1.2 1.2

SD 1.6 14 1,2 1.1 1.0 1.0

SE 24 1.7 1.3 1.1 R 0.8

SF Site-Specific (SSA)

Table 2. Site Coefficient Fv [11]

Parameter of MCER Spectral Response Acceleration in 1-Second Period

Site SNI SNI SNI SNI SNI SNI
Class 17262019 1726:2019  1726:2019  1726:2019  1726:2019  1726:2019
S, <0,1 S, =02 S, =03 S, =04 S, =0,5 S, 206

SA 0,8 0,8 0,8 0,8 0,8 0,8

SB 0,8 0,8 0,8 0,8 0,8 0,8

SC 1,5 1,5 1,5 1,5 1,5 1,4

SD 2,4 2,2 2,0 1,9 1.8 1,7

SE 42 3,3 2.8 24 2,2 2,0

SF Site-Specific (SSA)
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Table 3. Short Term Spectrum Shape Adjustment Factor 0.2, Ca [14]

Parameter of MCER Spectral Response Acceleration in Short Period (0.2 second)

Site Class
Ss<0,25 Ss=0,5 Ss=0,75 Ss=1,0 Ss=1,25 Ss>1,5

SA 0,9 0,9 0,9 0,9 0,9 09
SB 0,9 0,9 0,9 0,9 0,9 09
SC 0,9 0,9 0,9 0,9 0,9 0,9
SD 1,0 1,0 1,0 1,0 1,0 1,0
SE 0,95 1,0 1,1 1,15 1,2 1,25
SF Site-Specific (SSA)

Table 4. Long Term Spectrum Shape Adjustment Factor, Cv for sites with TL greater than or equal
to 12 seconds [14]

Parameter of MCER Spectral Response Acceleration in 1-Second Period

Site Class
S, <01 S, =02 S, =03 S, =04 S, =05 S, 206

SA 1,0 1,0 1,0 1,0 1,0 1,0
SB 1,0 1,0 1,0 1,0 1,0 1,0
SC 1,0 1,05 1,05 1,05 1,0 1,1
SD 1,0 1,2 1,3 1,35 1,5 1,5
SE 1,0 1,3 1,5 1,75 1,9 2,0
SF Site-Specific (SSA)

Table 5. Long Term Spectrum Shape Adjustment Factor, Cv for sites with TL greater than or equal
to 8 seconds [14]

Site Class Parameter of MCER Spectral Response Acceleration in 1-Second Period

S 201 S, =02 S =03 S; =04 S; =05 S; 20,6
SA 1,0 1,0 1,0 1,0 1,0 1,0
SB 1,0 1,0 1,0 1,0 1,0 1,0
SC 1,0 1,0 1,0 1,0 1,0 1,05
SD 1,0 1,1 1,15 1,2 1,3 14
SE 1,0 1,15 1,35 1,55 1,65 1,8
SF Site-Specific (SSA)

Table 6. Long Term Spectrum Shape Adjustment Factor, Cv for sites with TL greater than or equal
to 6 seconds [14]

Parameter of MCER Spectral Response Acceleration in 1-Second Period

Site Class
S, <0,1 S, =02 S, =03 S, =04 S, =05 S, 20,6
SA 1,0 1,0 1,0 1,0 1,0 1,0
SB 1,0 1,0 1,0 1,0 1,0 1,0
SC 1,0 1,0 1,0 1,0 1,0 1,0
SD 1,0 1,05 1,1 1,15 1,2 1,25
SE 1,0 1,05 1,2 14 1,5 1,6

SF Site-Specific (SSA)
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"The coefficient parameters in Table 3-6 are necessary for adjusting the shape of the
spectral response that occurs anomalously. Basically, the method of designing the spectral
response that occurs anomalously is the same as designing it normally, but there are ad-
justments as depicted in the schematic in Figure 4 by multiplying the coefficients Ca and

Cv [14].
X Cq
! *F, ' x 2/3
‘Ss — ‘S\/.\' ———— S,,\
——— y —
Sl x F ‘Sm x 2/3 Dl
X C,

Figure 4. Shows the illustration schematic of the application of the Kircher & Associates design
method on the Anomalous Spectral Response [14].

Figure 4: The Process of Applying the Kircher & Associates Design Method on Anom-
alous Spectral Response Design."Parameter koefisien pada Tabel 3-6 diperlukan untuk
penyesuaian bentuk respon spektra yang terjadi anomali. Pada dasarnya cara mendesain
respon spektra yang terjadi anomali sama dengan cara mendesain secara normal, tetapi
ada penyesuain seperti skematik pada Gambar 4 dengan mengalikan koefisien Ca dan
Cv [14].

2. Materials and Experiment Methods

Figure 5 illustrates the process of analyzing the spectral response and the process to
make the spectral response normal.

!

Selection of cities where
spectral response
anomalies occur

!

pectral response analysis
using SNI 1726:2019

!

Give treatment response spectra with
response spectrum analysis method
kircher & associates

!

Interpretation of results

!

Conclusion

!

Figure 5. Flowchart of Spectral Response Analysis

The cities selected for this research are earthquake-prone areas, including Sumatra,
Java, and Nusa Tenggara islands. The analysis of 15 cities with anomalous spectral re-
sponses was conducted using the website http://rsa.ciptakarya.pu.go.id/2021/. These 15
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selected cities consist of (1) 5 cities with Type I anomalies, (2) 5 cities with Type II anom-
alies, and (3) 5 cities with Type III anomalies.

The spectral responses experiencing anomalies are then subjected to specific treat-
ments to normalize them. The spectral response is considered normal if the earthquake
acceleration for soft soil is greater than that of medium soil, and medium soil acceleration
is greater than that of hard soil (SE > SD > SC). The normalization of the spectral response
utilizes the spectral response design method introduced by Kircher & Associates, involv-
ing the multiplication of coefficients Ca & Cv (Figure 4) as the adjustment factors for short
and long-period spectrum shapes [14].

In seismic-resistant building design, it is essential to accommodate the design earth-
quake loads. One way is to determine the seismic design loads using spectral response
acceleration. The spectral response varies for each region and also depends on the soil site
class, resulting in different accelerations. The creation of the design spectral response re-
quires data in the form of acceleration parameters and site coefficients. The acceleration
parameters obtained from the spectral acceleration map via the website http://rsa.cip-
takarya.pu.go.id/2021/ are presented in Table 7 [16].

Table 1. Coefficient Site 15 cities

No City SCSoefficier;tl
1 Banda Aceh 1.37 0.60
2 Bengkulu 1.12 0.51
3 Mataram 0.96 0.38
4 Padang 1.35 0.60
5 Yogyakarta 1.28 0.47
6 Bogor 0.88 0.36
7 Denpasar Bali 0.98 0.36
8 Jember 0.84 0.40
9 Ngawi 0.90 0.38
10 Salatiga 0.92 0.41
11 Bandar Lampung 0.75 0.32
12 Kebumen 0.85 0.42
13 Kediri 0.84 0.34
14 Malang 0.78 0.33
15 Purwokerto 0.84 0.34

In Table 7, cities numbered 1-5 belong to Type 1 anomalies, numbers 6-10 belong to Type
2 anomalies, and numbers 11-15 belong to Type 3 anomalies.

3. Results and Discussion

This section presents the seismic amplification factor values (Fa and Fv) from various
regions experiencing anomalies (Table 8). The spectral responses experiencing anomalies
are then normalized using the Kircher & Associates design method presented in Table 9.
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Table 8. Coefficient Values F_a and F_v Based on SNI 1726:2019.

No City sC SD SE
Fa F‘V Fa Fli Fa FV
1 Banda Aceh 1.2 1.4 1.0 1.7 0.9 2.0
2 Bengkulu 1.2 15 1.1 1.8 1.0 2.2
3 Mataram 1.2 1.5 1.1 1.9 1.1 2.5
4 Padang 1.2 1.4 1.0 1.7 0.9 2.0
5 Yogyakarta 1.2 1.5 1.0 1.8 0.9 2.3
6 Bogor 1.2 1.5 1.1 1.9 1.2 2.6
7 Denpasar Bali 1.2 1.5 11 1.9 1.1 2.6
8 Jember 1.2 15 1.1 1.9 1.2 2.6
9 Ngawi 1.2 15 1.1 1.9 1.2 2.5
10 Salatiga 1.2 15 1.1 1.9 1.2 2.4
11 Bandar Lampung 1.2 1.5 1.2 2.0 1.3 2.7
12 Kebumen 1.2 15 12 1.8 1.2 2.2
13 Kediri 1.2 15 12 2.0 1.3 2.6
14 Malang 1.2 15 1.2 2.0 1.3 2.7
15 Purwokerto 1.2 1.5 1.2 2.0 1.2 2.6

Table 9. Coefficient Values Fa and Fv After Normalization

No City SC SD SE
E, E, E, E, E, E,
1 Banda Aceh 1.2 1.402 1.2 1.702 1.2 2.004
2 Bengkulu 1.2 1.5 1.2 1.8 1.2 2.2
3 Mataram 1.2 1.5 1.2 1.916 1.2 2.464
4 Padang 1.2 1.4 1.2 1.7 1.2 2
5 Yogyakarta 1.2 1.5 1.2 1.835 1.2 2.27
6 Bogor 1.2 1.5 1.2 1.944 1.2 2.576
7 Denpasar Bali 1.2 1.5 1.2 1.94 1.2 2.56
8 Jember 1.2 1.5 1.142 1.943 1.184 2.572
9 Ngawi 1.2 1.5 1.2 1.918 1.2 2.47
10 Salatiga 1.2 1.5 1.2 1.886 1.2 2.372
11 Bandar Lampung 1.2 1.5 1.2 1.98 1.2 2.72
12 Kebumen 1.2 1.5 1.2 1.964 1.2 2.656
13 Kediri 1.2 1.5 1.2 1.961 1.2 2.644
14 Malang 1.2 1.5 1.2 1.969 1.2 2.676
15 Purwokerto 1.2 1.5 1.166 1.961 1.232 2.644

The parameters of acceleration response spectra at short period (S_MS) and 1.0-sec-
ond period (S_M1) are adjusted according to the site classification and seismic amplifica-
tion factor. To determine the anomalies that occur, three site class conditions are needed:
hard soil (SC), medium soil (SD), and soft soil (SE) [17].

Table 10 presents the values of acceleration response spectra parameters that experi-
ence anomalies at short period (5_MS) and 1.0-second period (S_M1). These values are the
result of multiplying the site classification with the seismic amplification factor based on
SNI 1726:2019. Table 11 shows the values of acceleration response spectra parameters at
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short period (5_MS) and 1.0-second period (S_M1). These results are a step towards nor-
malization using the Kircher & Associates method.

Table 10. Values of S MS and S_M1 Based on SNI 1726:2019.

No City SC SD SE
Sus Sm1 Sus Sm1 Sus Sm1
1 Banda Aceh 1.645 0.838 1.371 1.018 1.168 1.198
2 Bengkulu 1.348 0.761 1.180 0.913 1.125 1.115
3 Mataram 1.151 0.576 1.071 0.736 1.086 0.946
4 Padang 1.625 0.839 1.354 1.018 1.162 1.198
5 Yogyakarta 1.540 0.698 1.283 0.853 1.138 1.056
6 Bogor 1.058 0.534 1.012 0.692 1.053 0.917
7 Denpasar Bali 1.172 0.540 1.084 0.698 1.093 0.922
8 Jember 1.004 0.593 0.956 0.767 0.991 1.016
9 Ngawi 1.076 0.574 1.023 0.733 1.060 0.945
10 Salatiga 1.107 0.621 1.043 0.781 1.072 0.982
11 Bandar Lampung 0.900 0.480 0.900 0.634 0.975 0.870
12 Kebumen 1.022 0.635 0.987 0.759 1.038 0.925
13 Kediri 0.956 0.509 0.941 0.665 1.006 0.896
14 Malang 0.940 0.497 0.929 0.652 0.997 0.886
15 Purwokerto 1.002 0.509 0.974 0.665 1.029 0.896

Table 11. Normalized Values of S MS and S_ M1

No City SC SD SE
Sus Sm1 Sus Sm1 Sus Sm1
1 Banda Aceh 1.481 0.921 1.645 1.526 2.014 2.394
2 Bengkulu 1.213 0.766 1.348 1.326 1.583 2.127
3 Mataram 1.036 0.605 1.151 0.987 1.314 1.618
4 Padang 1.462 0.922 1.625 1.527 1.984 2.395
5 Yogyakarta 1.386 0.71 1.54 1.207 1.858 1.95
6 Bogor 0.953 0.561 1.058 0.919 1.192 1.504
7 Denpasar Bali 1.055 0.567 1.172 0.929 1.343 1.521
8 Jember 0.904 0.622 0.956 1.02 1.119 1.669
9 Ngawi 0.968 0.602 1.076 0.974 1.215 1.612
10 Salatiga 0.996 0.652 1.107 1.02 1.255 1.506
11 Bandar Lampung 0.81 0.504 0.9 0.83 0.99 1.349
12 Kebumen 0.875 0.529 0.972 0.871 1.081 1.426
13 Kediri 0.861 0.534 0.956 0.877 1.061 1.432
14 Malang 0.846 0.521 0.94 0.857 1.04 1.397
15 Purwokerto 0.902 0.534 0.974 0.877 1.149 1.432

Tables 10 and 11 represent the acceleration spectrum design parameters used to create
the design spectrum response graph. This graph is utilized to determine the planned earth-
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quake loads in the form of base shear forces caused by the earthquake. The design spec-
trum response is obtained by dividing the surface acceleration response parameters (SMS
and SM1) by a 1.5 margin against collapse [8][18].

Table 12 shows the values of the spectral acceleration parameters at short period (SDS)
and 1.0-second period (SD1) that experience anomalies. Table 13 contains the values of the
spectral acceleration parameters at short period (SDS) and 1.0-second period (SD1) that
have been normalized using the Kircher & Associates method.

Table 12. Values of SDS and SD1 Based on SNI 1726:2019.

No City SC SD SE
Sps Sp1 Sps Sp1 Sps Sp1
1 Banda Aceh 1.097 0.559 0.914 0.679 0.778 0.799
2 Bengkulu 0.898 0.507 0.787 0.608 0.750 0.744
3 Mataram 0.767 0.384 0.714 0.490 0.724 0.631
4 Padang 1.083 0.559 0.903 0.679 0.775 0.799
5 Yogyakarta 1.026 0.465 0.855 0.569 0.759 0.704
6 Bogor 0.706 0.356 0.675 0.461 0.702 0.611
7 Denpasar Bali 0.782 0.360 0.722 0.466 0.728 0.614
8 Jember 0.670 0.395 0.637 0.512 0.661 0.677
9 Ngawi 0.717 0.383 0.682 0.489 0.707 0.630
10 Salatiga 0.738 0.414 0.695 0.520 0.715 0.654
11 Bandar Lampung 0.600 0.320 0.600 0.422 0.650 0.580
12 Kebumen 0.681 0.424 0.658 0.759 0.692 0.616
13 Kediri 0.638 0.339 0.628 0.443 0.671 0.598
14 Malang 0.626 0.331 0.620 0.434 0.665 0.591
15 Purwokerto 0.668 0.339 0.649 0.443 0.686 0.598

Table 13. Normalized Values of SDS and SD1

No City SC SD SE
Sps Sp1 Sps Sp1 Sps Sp1
1 Banda Aceh 0.987 0.614 1.097 1.017 1.343 1.596
2 Bengkulu 0.809 0.511 0.898 0.884 1.055 1.418
3 Mataram 0.690 0.403 0.767 0.658 0.876 1.079
4 Padang 0.975 0.614 1.083 1.018 1.322 1.597
5 Yogyakarta 0.924 0.473 1.026 0.805 1.238 1.300
6 Bogor 0.635 0.374 0.706 0.613 0.795 1.003
7 Denpasar Bali 0.703 0.378 0.782 0.619 0.895 1.014
8 Jember 0.603 0.415 0.637 0.680 0.746 1.112
9 Ngawi 0.645 0.402 0.717 0.649 0.810 1.075
10 Salatiga 0.664 0.434 0.738 0.680 0.837 1.004
11 Bandar Lampung 0.540 0.336 0.600 0.553 0.660 0.899
12 Kebumen 0.583 0.353 0.648 0.871 0.721 0.950
13 Kediri 0.574 0.356 0.638 0.585 0.707 0.955
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14 Malang 0.564 0.348 0.626 0.572 0.693 0.932
15 Purwokerto 0.601 0.356 0.649 0.585 0.766 0.955

The normalization of the site class spectral response graph for Hard Soil (SC) shows
a decrease in SDS values by an average of 10%, and an increase in SD1 values by an aver-
age of 5%. For Medium Soil (SD), the S_DS values increase by an average of 7.74%, and
the SD1 values increase by an average of 34.95%. For Soft Soil (SE), the S_DS values in-
crease by an average of 25.06%, and the SD1 values increase by an average of 69.99%.

The results of the plot of the spectral response anomalies and the normalized spectral
responses from 15 cities are presented together in Figures 6 - 20. The spectral response
anomalies are depicted with solid lines, while the treated design spectral responses are
presented with dashed lines. The curves in blue, yellow, and red respectively represent
Soft Soil (SE), Medium Soil (SD), and Hard Soil (SC) site classes.
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The text describes the spectral response graphs from Figure 6 to Figure 20, indicating
anomalies in earthquake-prone cities where the Ss value is above 0.75 g [9][19]. After nor-
malization, the spectral response graphs appear normal, with earthquake accelerations in
the Hard Soil (SC) site class being lower than those in the Medium Soil (SD) site class,
which in turn are lower than those in the Soft Soil (SE) site class.

The results of normalizing the spectral response for Medium Soil (SD) and Soft Soil
(SE) using the Kircher & Associates design method show a significant increase in earth-
quake acceleration compared to when anomalies were present. On the other hand, the
normalization of the spectral response for Hard Soil (SC) results in a decrease in earth-
quake acceleration compared to when anomalies were present. Based on the spectral re-
sponse graphs in Figures 6 to 10, it is observed that anomalies of Type 1 experience the
most significant changes after normalization, followed by Type II anomalies (Figures 11-
15), and finally Type III anomalies (Figures 16-20) [9][19].

4. Conclusions

The text discusses the anomalies observed in the design spectral response graphs for 15
earthquake-prone cities, categorized into three types: (1) Type I anomaly where SE < SD <
SC, (2) Type I anomaly: SD <SE < SC, and (3) Type III anomaly: SD <SC < SE. The spectral
responses experiencing anomalies were normalized using the Kircher & Associates
method. The normalization process resulted in a decrease in earthquake acceleration for
Hard Soil (SC) and an increase in earthquake acceleration for Medium Soil (S5D) and Soft
Soil (SE).

In earthquake-prone areas in Indonesia, it is common to experience anomalies in the spec-
tral response graphs. These graphs are used to determine the planned earthquake loads
for structural design. To ensure that a location experiences anomalies or not, it is essential
to display the design spectral responses for all soil conditions. Anomalous spectral re-
sponses can be identified by plotting all soil types in one graph.

The consequences of errors arising from anomalous design spectral responses without
normalization can be catastrophic. For Medium and Soft Soil site classes, the earthquake
acceleration values for the spectral responses experiencing anomalies are lower than those
that have been normalized. As a result, the design earthquake loads become smaller. If a
major earthquake occurs that exceeds the design earthquake loads, the building may col-
lapse. It is crucial to properly account for anomalies and perform normalization to ensure
the safety and stability of structures in earthquake-prone areas.
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Abstract: Bulletproof vests as self-protection for military personnel are generally made from syn-
thetic fiber-reinforced composites. Kevlar and carbon fiber reinforced composites have been able to
withstand bullet penetration rates and have lightweight characteristics, but production costs with
synthetic fibers are relatively expensive. The use of substitute materials from natural fiber is very
potential, due to the abundance of natural fiber, lightweight, and relatively cheap price. One of the
potential natural fibers is fiber from the salacca midrib. This study focused on the effect of adding
salacca frond fiber on the composite characteristics of Kevlar fiber and carbon fiber, with SiC and
AI203 fillers. The manufacture of this composite is carried out by the Vacuum Assisted Resin Trans-
fer Molding (VARTM) method. There are 4 variations of fiber volume fractions and fillers as rein-
forcement added to this composite. From the results of observations with SEM, the results of the
matrix and reinforcement are well bound. The ballistic test results show that all variations of test
samples can withstand the bullet rate so that it does not penetrate. The results of mechanical tests
show that currently the addition of salacca frond fiber has not significantly improved the mechani-
cal properties of the composite

Keywords: Composite; Natural Fiber; Sallaca Frond Fiber; VARTM; Bulletproof Vests

1. Introduction

A bulletproof vest is the most common ballistic protection instrument used by mili-
tary personnel. The ability to have high mobility and effective protection are the main
characteristics required for the use of a bulletproof vest[1]. In order to fulfill the function
of withstanding penetration and minimizing the impact energy from projectiles, selecting
appropriate materials is crucial. Initially, bulletproof vests used in World War I & I were
made of metal. However, these vests had the disadvantage of being heavy, which could
hinder the mobility of military personnel[2]. This issue has encouraged innovation and
curiosity in synthetic composite materials research, which are Kevlar and carbon.

The use of Kevlar fibers in composites has a significant impact on the tensile strength
properties. Being incredibly strong and durable, Kevlar fibers have been widely used in
various composite applications such as boats, airplanes, racing cars, and even protective
clothing. Kevlar fibers are renowned for their high strength, stiffness, and resistance to
wear. In composites, Kevlar fibers are typically used as reinforcement to enhance their
tensile strength. This is possible because Kevlar fibers can withstand high tensile forces,
reducing the risk of material failure and improving the durability and safety of the com-
posite[2]. During the composite production process, Kevlar fibers can be combined with
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other materials such as carbon fibers or glass fibers to reinforce the composite. However,
the use of Kevlar fibers also has its drawbacks. Kevlar fibers are more expensive than other
fibers, leading to higher composite production costs. Additionally, Kevlar fibers exhibit
different thermal properties compared to other base materials in the composite, requiring
careful consideration during the design and production process[2].

Kevlar and carbon fibers reinforced composites have adequately met the primary
criteria for bulletproof vests, which require lightweight and strong materials[3][4]. The
utilization of Kevlar fibers in composites can enhance their tensile strength, yet cost and
thermal properties must also be taken into account. Therefore, careful calculations and
adjustments are necessary to ensure that Kevlar fibers can provide optimal benefits for
the composite products.

Due to the abundance and relatively low cost of natural fibers, various research have
been developed to study the replacement of synthetic fibers with natural fibers in compo-
site fabrication[5][6][7]. Moreover, these fibers possess low density and reasonably good
mechanical properties for application in bulletproof vests[8].

Ning, H. reported that embedding kenaf fibers in polyethylene composites demon-
strated a significant increase in tensile strength[9]. A.M.R Azmi performed ballistic tests
on the same material, but the results indicated the need for further improvement in mate-
rial quality to fully withstand bullet penetration[10].

The potential natural fiber for substituting synthetic fibers is Salacca frond fibers,
which are extracted from salacca tree. The salak fruit tree is a tropical plant abundant in
Indonesia, particularly in the Special Region of Yogyakarta. Various studies have been
conducted regarding salacca frond fibers in Indonesia. Yudha, et al., have successfully
isolated cellulose from the rachis of the salak fruit tree to produce salacca frond fi-
bers[11][12]. However, further research on the effects of salacca frond fibers as reinforce-
ment in composites for bulletproof vest applications is highly needed. Thus, this study
focuses on the manufacturing and analysis of epoxy resin composites reinforced with sa-
lacca frond fibers, carbon fibers, and Kevlar fibers, using SiC and Al203 fillers through
the Vacuum Assisted Resin Transfer Molding (VARTM) method.

2. Materials and Experiment Methods

The composite plates in this research were produced through the Vacuum Assisted
Resin Transfer Molding (VARTM) method with symmetrical fiber orientation[13][14].
Several modifications were made to the VARTM method by adding a rigid mold at the
top to achieve a smooth surface finish on the upper part and to obtain the desired thick-
ness while ensuring a smooth distribution of resin into the mold. The dimensions of the
composite molds used were 25 x 25 x 2 cm, 25 x 25 x 0.25 cm, and 20 x 15 x 1.27 cm. The
sequence of fiber arrangement, in consecutive order, was Kevlar fibers with Al2Os filler,
salacca frond fibers, carbon fibers, salacca frond fibers, and Kevlar fibers with SiC filler.
The four variations of fiber additions in this study are presented in Table 1.

Subsequently, adhesive was sprayed, and all laminate surfaces were covered to en-
sure airtightness. Then, the resin was injected into the mold, and the samples were left to
cure. Characterization performed on the composite samples in this study included impact
testing (ASTM D6110-10), tensile testing (ASTM D3039), hardness testing, Scanning Elec-
tron Microscope (SEM) analysis, and ballistic testing following the NIJ 0101.06 Level II
standard. Ballistic testing was conducted using 9 mm caliber ammunition (MU-1T]) with
a mass of 8 grams and an average velocity of 380 m/s. Additionally, ballistic tests were
conducted using 5.56 mm caliber ammunition (MU5-T]) with a mass of 4 grams and an
average velocity of 915 m/s.
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Table 1. Variation of fiber in the composite

No. Salacca SiC  AlLOs; Carbon
Frond Filler  Filler Fiber
Fiber (%) (%) (%)

(%)
1 10 5 5 10
2 5 5 5 10
3 2.5 7.5 7.5 2.5
4 2.5 5 5 2.5

Kevlar
Fiber
(%)
10
15
20

25

(d)

Figure 1. composite fiber arrangement in the mold: (a) Kevlar fibers, (b) salacca palm fibers, (c)

carbon fibers, (d) second layer of salacca frond fibers, and (e) Kevlar fibers with Al:Os filler as the

top layer

3. Results and Discussion
3.1 Tensile Test Analysis

Tensile testing was performed on 5 specimens for each sample variation. The aver-
age tensile strength values of all specimens for each fiber addition variation are depicted
in Figure 2. As can be seen, the 1st variation showed the lower tensile test value of 148.59
N/mm?2. Meanwhile, the 4t variation reached the highest tensile test value of 177.91

N/mm?2.



Recent in Engineering Science and Technology 2023, Vol. 01 No. 03| https://doi.org/10.59511/riestech.v1i03.27 48 of 55

Based on the test results, 1st variation with the highest addition of salacca frond fiber
of 10wt.%, and the lowest addition of Kevlar fibers of 10wt.%, exhibited the lowest tensile
strength compared to the other four variations. On the other hand, 4t variation with the
lowest addition of salacca frond fibers of 2.5wt.%, and the highest addition of Kevlar fibers
of 25wt.%, showed the highest tensile strength among the four variations.

Tensile strength is greatly influenced by the constituent materials, in this research, the
composition of the fiber reinforcements. The significant improvement in tensile strength
is attributed to the addition of Kevlar fibers, while the effect of salacca frond fibers addi-
tion on enhancing the tensile strength of the material is not yet apparent.

177,91

161,16

| ]
157,12
| ]
148,48 I
1 2 3 4

Fiber Variation

Tensile Strength (N/mm2)

Figure 2. Comparison of Tensile Strength value for all variations

3.2 Hardness Test Analysis

Hardness testing was conducted using the Rockwell method on the F scale with a
1/16-inch indenter size and a force of 60 kgf. The testing involved indenting 5 points on
each sample. The average hardness values for all indentations in this research are shown
in Figure 3. Figure 3 depicts that the 1+t variation showed the lowest hardness test value of
23 HRF. Meanwhile, the 4t variation yielded the highest hardness test value of 49.8 HRF.

19,80
10,60
33,20
1 2 3 4

Fiber Variation

Hardness value (HRF)

Figure 3. Comparison of hardness value for all variations.

The variation with the highest addition of salacca frond fiber (10wt.%) and the lowest ad-
dition of Kevlar fibers (10wt.%) had the lowest hardness value compared to the other four
variations. In contrast, the fourth variation with the lowest addition of salacca frond fibers
(2.5wt.%) and the highest addition of Kevlar fibers (25wt.%) exhibited the greatest hard-

ness value among the four variations. This phenomenon is due to during the hardness
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testing, the tested part is the upper portion composed of SiC and Kevlar fibers. The signif-
icant increase in hardness value is predominantly due to the effect of adding Kevlar fibers

into the composites.

3.3 Impact Test Analysis

All of the impact test specimens in this research followed the ASTM D 6110-10 stand-
ard. The average Impact Strength (IS) values of all fiber variations are presented in Figure
4. Each sample variation consists of 5 (five) impact specimens. Based on Figure 4, it is
clearly seen that the average impact strength for the first variation is 0.19 J/mm?2, while the

impact strength for the second variation is 0.18 J/mm2.

0,34
0,22
2 3 4

Fiber Variations

Impact Strength

Figure 4. Comparison of impact strength value for all variations.

A higher content of salacca frond fibers will increase the impact resistance of the
composite material. This phenomenon is related to the presence of a strong bond between
the salacca frond fibers and the matrix, allowing for even energy transfer throughout the
fibers. Therefore, an increased amount of salacca frond fibers will result in higher re-
sistance to impact loading. The average impact strength for the third variation is 0.22
J/mm?, while the impact strength for the fourth variation is 0.34 J/mm?2. The increase in
Impact Strength (IS) with the increasing amount of Kevlar fibers in this composite indicates
that the Kevlar fiber composition affects the impact strength of materials, whereas a higher
Kevlar fiber content enhances the composite material's resistance to impact loading.[15]

3.4 Morphological Analysis

Microstructure observations were conducted using a Scanning Electron Microscope
to examine the bond between the matrix and the reinforcement. Based on Figure 5, for the
1st and 2nd variations, debonding (bond detachment failure) is observed. However, the ma-
trix (resin) and reinforcement (fibers) of both specimens are well-bonded as can be seen in
Figure 5(a) and (b). In the 3t variation, fiber pull-out (failure of fibers being pulled out) is
observed in Figure 6(c), which results in the separation of the reinforcement component
from the matrix component. On the other hand, the matrix (resin) and reinforcement (fi-
bers) are well bonded for the 4t specimen[16].



Recent in Engineering Science and Technology 2023, Vol. 01 No. 03| https://doi.org/10.59511/riestech.v1i03.27 50 of 55

1 Debonding

=)

2R
- \;o
-

Figure 5. SEM images for all variations (a) 1% variation, (b) 2" variation, (c) 3 variation, and (d)

4th yariation

3.5 Ballistic Test Analysis
First Variation

The composite material composed of 60% resin, 10% salacca frond fibres, 5% SiC
filler, 5% ALO:s filler, 10% carbon fibers, and 10% Kevlar fibers was subjected to ballistic
testing using 9 mm caliber ammunition and a P1 Pindad gun at a distance of 5 meters,
following NIJ 0101.06 Level II standards. The obtained Back Face Signature (BES) for 1st
variation was 3.79 mm. Since this value is still far below 44 mm, it is very safe and meets
Level ITA and II specifications.

(@) (b)

Figure 6. The ballistic test results for 1% variation (a) Front View, and (b) Back view
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Therefore, further testing needs to be conducted for the next level. Level III testing
was performed using 5.56x45 mm caliber ammunition, an SS1 rifle, and a distance of 25
meters. The composite material was shot at the lower left part. The result obtained was
penetration because it couldn't withstand the impact when the bullet hit, which means it
is not safe and doesn't pass the Level IIl requirements. The ballistic test results can be seen
in Figure 6(a) and (b).

Second Variation

The composite material composed of 60% resin, 5% salacca palm fibres, 5% SiC filler,
5% Al:Q: filler, 10% carbon fibers, and 15% Kevlar fibers was subjected to ballistic testing
using 9 mm ammunition and a P1 Pindad gun at a distance of 5 meters, in accordance with
NIJ 0101.06 Level II specifications. The obtained result was non-penetration with a BFS of
9.18 mm, as this BFS value is still well below 44 mm, indicating it is very safe and meets
Level IIA and II specifications. Therefore, additional assessment is required for the next
level. The level III ballistic testing results are penetrable because the object cannot with-
stand the impact of the bullet, indicating that it is not secure and does not qualify for level
I

Based on previous research conducted by J. Naveen et al, the natural fiber-based bul-
letproof vest has a lower indentation depth compared to the Kevlar fiber-based bulletproof
vest[17].

The current study shows that the composition of salak frond fiber greatly affects the
ballistic strength of the material, where the higher the content of salak frond fiber (in this
case from 5% to 10%) will increase the resistance of the composite material to firing loading.
This is evidenced by specimens with 10% salak frond fiber content having a minimal BFS
of 3.79 mm compared to specimens with 5% salak frond fiber content having a BFS of 9.18
mm. Bulletproof vest materials with more composition of salak frond fibers have lower
depth indentation results. In other words, the bulletproof material with lower composition
of salak frond fibers obtained 58% higher BFS, but still below the required limit according
to the standard of 44 mm[18]. The presence of natural fibers in the form of salak frond
fibers in variations 1 and 2 is certainly able to reduce the use of synthetic fibers (kevlar
fibers) so that of course it will also reduce production costs where kevlar fibers have a
fairly expensive price.

These two specimens succeeded as NIJ level II and IIA standard bullet resistant ma-
terials, where the BFS determined according to this NIJ standard is 44 mm. With BFS re-
sults that are still far from 44 mm, it is possible that this material will also succeed at level
IITA because it uses a velocity of 430 m/s where the velocity is not too far away from level
IT of 379 m/s, so it is recommended that further research be carried out with level ITTA
testing. Level III testing has also been carried out using a long-barreled shotgun with the
results of all specimens penetrating.

The weight of the specimen with a composition of 10% salak frond fiber and 10%
kevlar fiber is 1,877.5 g while the weight of the specimen with a composition of 5% salak

frond fiber and 15% kevlar fiber is 1,898.7 g, so that from this composition the specimen
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with the best ballistic ability has a smaller weight. This is also very efficient for troop mo-
bility when using bulletproof vests.

The results of this ballistic test have a relationship with the results of impact re-
sistance, where specimens that have good ballistic resistance also have good impact re-

sistance.

Third Variation

The composite material composed of 60% resin, 2.5% salak frond fiber, 7.5% SiC filler,
7.5% AI203 filler, 2.5% carbon fiber and 20% kevlar fiber were ballistically tested using 9
mm caliber and Pindad P1 pistol with a distance of 5 m referring to NIJ 0101.06 Level II.
The results obtained are not penetrated with a BFS of 7.10 mm, because the BFS results
obtained are still far from 44 mm which means it is very safe and passes at levels IIA and
II. Therefore, additional assessment is required for the next level. The level III ballistic test-
ing results are penetrable because the object cannot withstand the impact of the bullet,

indicating that it is not secure and does not qualify for level III.

Fourth Variation

The composite material composed of 60% resin, 2.5% salak frond fiber, 5% SiC filler,
5% AI203 filler, 2.5% carbon fiber and 25% kevlar fiber were ballistically tested using a 9
mm caliber and a P1 Pindad pistol with a distance of 5 m which refers to NIJ 0101.06 Level
II. The results obtained are not penetrated with a BFS of 6.48 mm, because the BFS results
obtained are still far from 44 mm which means it is very safe and passes at levels IIA and
II, so it is necessary to test to the next level, namely IIIA but due to limited munitions,
testing is carried out to two levels above it, namely level III with a caliber of 5.56x45 mm,
SS1 rifle and a distance of 25m. The composite was fired at the top right. The result ob-
tained is penetrated because it cannot withstand the impact when the bullet hits, which
means it is not safe and does not qualify for level IIL

Based on previous research conducted by Deepak M.V.S et al, it is stated that the
addition of ceramic fillers such as SiC and AlLOs to kevlar fibers results in an increase in
impact strength values if the composition of kevlar fibers is constant. Kevlar fibers are
usually resistant to impact and can resist propagating cracks[19].

The current study shows that when making changes by varying kevlar fibers as well
as ceramic fillers (SiC and AlQOs), kevlar fibers greatly affect the ballistic strength of the
material, where the higher the kevlar fiber content (in this case from 20% to 25%) will in-
crease the resistance of the composite material to firing loading. This is evidenced by spec-
imens with 25% kevlar fiber content having a minimal BFS of 6.48 mm compared to spec-
imens with 20% kevlar fiber content having a BFS of 7.10 mm. Bulletproof vest materials
with more kevlar fiber composition have lower depth indentation results. In other words,
bullet-resistant materials that have a low kevlar fiber composition obtained 8.73% higher
BEFS results, but still below the required limit according to the standard of 44 mm. The

presence of SiC and Al,Os ceramic fillers can certainly reduce the use of kevlar fibers.
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These two specimens succeeded as NIJ level I and IIA standard bullet resistant ma-
terials, where the BFS determined according to this NIJ standard is 44 mm. With BFS re-
sults that are still far from 44 mm, it is possible that this material will also succeed at level
IIA, so it is recommended that further research be carried out with level IIIA testing. Level
III testing has also been carried out using a long-barreled rifle with the results of all speci-
mens penetrating.

The weight of the specimen with a composition of 15% ceramic filler (SiC and Al,Os)
and 20% kevlar fiber is 2018.7 g while the weight of the specimen with a composition of
10% ceramic filler (SiC and Al,Os) and 25% kevlar fiber is 1,885 g, so from this composition
the specimen with the best ballistic ability has a smaller weight. This is also very efficient
for troop mobility when using bulletproof vests.

The results of this ballistic test have a relationship with the results of impact re-
sistance, where specimens that have good ballistic resistance also have good impact re-

sistance.

4. Conclusions

Based on the results of the analysis that has been carried out, the conclusions that can
be drawn are:
a. The Vaccum Assisted Resin Transfer Molding (VARTM) method with a third mold is
the best modification because it results in faster resin distribution and manufacturing.
b. Theimpact strength, tensile strength, hardness, microstructure and ballistic capability
of variations 1, 2, 3, and 4 were obtained as follows:

- The impact strength value in variation 1 (60% resin, 10% salak frond fiber, 5% SiC
filler, 5% Al203 filler, 10% carbon fiber and 10% kevlar fiber) is 0.19 J/mm?2, while
in variation 2 (60% resin, 5% SiC filler, 5% ALQ:; filler, 5% salak frond fiber, 10%
carbon fiber and 15% kevlar fiber) is 0.17 J/mm?. So variation 1 has an impact
strength 10.5% greater than variation 2. The impact strength value in variation 3
(60% resin, 7.5% SiC filler, 7.5% Al,O; filler, 2.5% salak frond fiber, 2.5% carbon
fiber and 20% kevlar fiber) is 0.22 J/mm?, while in variation 4 (60% resin + 5% SiC
filler + 5% Al,O:; filler + 2.5% salak frond fiber + 2.5% carbon fiber + 25% kevlar
fiber) is 0.34 J/mm?. So variation 4 has an impact strength 35.3% greater than var-
iation 3.

- The hardness value in variation 1 is 22.72 HRF, while the hardness value in vari-
ation 2 is 33.12 HRF. So that variation 2 has a hardness 31.4% greater than varia-
tion 1. The hardness value in variation 3 is 40.52 HRF, while the hardness value
in variation 4 is 49.56 HRF. So that variation 4 has a hardness 18.24% greater than
variation 1.

- The tensile strength value in variation 1 was 148.59 N/mm?, the strain was 0.04%
and the elastic modulus was 3746.81 N/mm?.The tensile strength of variation 2
was 246.93 N/mm?, the strain was 0.06% and the elastic modulus was 4355.9
N/mm?2.So that variation 2 has a tensile strength 39.8% greater than variation 1.
While the tensile strength value in variation 3 is 161.16 N/mm?, the strain is 0.04%
and the elastic modulus is 3779.98 N/mma?.The tensile strength value of variation
4 was 177.91 N/mm?, strain of 0.06%, elastic modulus of 3190.45 N/mm?2. So vari-
ation 4 has a tensile strength 9.41% greater than variation 3.

- The BFS results in variation 1 amounted to 3.79 mm with a weight of 1877.5 g,
while in variation 2 amounted to 9.18 mm with a weight of 1898.75 g. The BFS
values of variations 1 and 2 have met the requirements of the NIJ level II standard,
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namely u <44 mm.BFS results in variation 3 amounted to 7.10 mm, while in vari-
ation 4 amounted to 6.48 mm. The BFS values of variations 3 and 4 have met the
requirements of the NIJ level II standard. So from variations 1, 2, 3 and 4 the best
is variation 4 because it has a smaller weight and BFS value that is still safe.

- SEM test results from variations 1,2,3,4 show that the matrix (resin) and reinforce-
ment (fiber) have bonded well.
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