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ABSTRACT: In today's fast growing technology, industries need a system that is able to control machines more
effectively and efficiently to improve quality and reduce production costs. In addition, an efficient control system
can minimize excessive process time. PT Chemco Harapan Nusantara, a manufacturing company, requires a
system to automate the control of the Vibratory Deburring Machine or barrel machine which is currently still
operated manually. This manual operation increases the production process time. This research aims to develop
an automation system for controlling and evaluating the effectiveness of industrial machines using a
Programmable Logic Controller and Human Machine Interface to increase production efficiency and reduce
processing time. Testing in this study was carried out by simulating the production process at PT Chemco Harapan
Nusantara 28 times. The results showed that the highest percentage of effectiveness obtained was 99.94% with a
loss time of 14 seconds, while the lowest percentage was 99.91% with a loss time of 23 seconds. The average
effectiveness reached 99.96% with a loss time of 9 seconds. In addition, the process time was successfully reduced
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by 20 seconds from over 5 minutes 20 seconds to only 5 minutes.
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I INTRODUCTION

In the era of rapidly developing technology,
industry requires an effective and efficient control
system to improve production quality and reduce costs.
One of the most widely applied technologies in industry
today is the Programmable Logic Controller (PLC) and
Human Machine Interface (HMI). PLC allows the
adjustment of control logic according to company needs
to control various industrial processes while HMI
allows operators to monitor and control the system
efficiently.

The use of PLCs in the industrial world has been
proven to increase the effectiveness of industrial
machines, one of which is the use of PLCs and HMIs in
the Supervisory Control and Data Acquisition
(SCADA) system which can reduce seven wastes and
increase the effectiveness and efficiency of production
[1]. The use of PLC and HMI in the design and
implementation of pipe cutting machines with AC servo
motors can also increase production effectiveness [2].

As a company engaged in the field of brake
systems, aluminum casting wheels, and casting parts,
PT Chemco Harapan Nusantara continues to update the
technology used for industrial needs. PT Chemco
Harapan Nusantara has various types of industrial
machines that use PLC as their control, one of which is
the Vibratory Deburring Machine which is also known
as a barrel machine.
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Barrel machine or Vibratory Deburring Machine is
a tool used to smooth the surface of the workpiece. This
machine utilizes the vibrations produced together with
the friction of the abrasive media in the bowl to smooth
the surface of the workpiece [3]. This machine is usually
used in the manufacturing industry, such as for
processing work equipment, machine components, and
other products that require smooth surfaces. The barrel
machine at PT Chemco Harapan Nusantara still has to
be controlled manually, this is less efficient because the
user has to repeatedly set the parameters. In addition,
recording the effectiveness of the machine which is still
done manually takes a long time and is prone to errors
in recording and calculating which can cause repetition
of the process.

[I.  THEORY
A. PROGRAMMABLE LOGIC CONTROLLER
Programmable Logic Controller(PLC) is an
electronic device used to automate industrial processes.
PLCs are designed to control various sensors and
actuators. PLC inputs and outputs connected to sensors
and actuators receive information based on
programmed conditions. Signals from sensors are
received by PLC inputs, then processed to produce
output signals that control equipment such as valves,
electric motors, or production machines. [4].

Programs on PLC can be created using special
software, usually in the form of ladder diagrams or state
diagrams. This state-based system describes various
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states in the system and the process of changing
between these states that occurs quickly. The PLC
image can be seen in fig 1.

Fig 1. Omron PLC

B. HUMAN MACHINE INTERFACE

Human Machine Interface (HMI) is a component
commonly used in modern industry, functioning as a
link between humans and machines.[5]. HMI provides
visual displays and controls to monitor and control
equipment or systems. Typically, HMIs are used in
industrial and manufacturing environments to improve
operational  efficiency, equipment setup and
monitoring, improve safety, and facilitate
troubleshooting. HMIs can be either touchscreens or
graphical displays on a computer monitor. A picture of
an HMI can be seen in fig 2.

Fig 2. Human Machine Interface

C. PROGRAMMABLE LOGIC CONTROLLER ARRAY APB

Programmable Logic Controller Array Advanced
Peripheral Busis a device that regulates time in PLC
and HMI systems. PLC Array operates based on a coil,
which will switch from Normally Closed (NC) to
Normally Open (NO) when it reaches a predetermined
time. The image of the PLC Array APB can be seen in
fig 3.

Fig 3. PLC Array APB

D. MACHINE EFFECTIVENESS

In various industrial sectors, industrial machines
are used to support the production process. To ensure
efficiency and avoid increasing production costs, it is
important to measure the effectiveness of the machine.
Machine effectiveness is usually measured using
Overall Equipment Effectiveness (OEE), which
measures how efficiently a machine or equipment
operates. OEE is calculated by evaluating machine
availability, performance efficiency, and product
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quality.[6]. The formula for calculating the OEE value
is as follows:

OFEE=Availability (%) xPerformance Rate (%) x
Quality Rate (%) @

Availability measures how well the machine is
used during the available time, Performance Rate
evaluates the efficiency of the machine in achieving
production targets, and Quality Rate is the ratio of
products that meet quality standards. The international
standard for minimum OEE is 85%[7].

In this study, the main focus is on Availability to
determine the percentage of machine effectiveness in
one day. Availability reflects the ratio of utilization of
time available for machine operation in one shift. The
data used to calculate Availability includes loading
time and down time. Loading time is the time the
machine is available to operate every day, while down
time is the time when the machine is not operating due
to setup, adjustment, or equipment damage. The
formula for calculating Availability is:

Loading time—Down time,z)
Loading time \

Availability=x100%

In this study, loading time is determined based on
the length of time the machine operates. Sunday to
Friday loading time is 7 hours or 25200 seconds while
on Saturday loading time is 5 hours or 18000 seconds.

E. CONTROL SYSTEM

A control system is a system consisting of various
devices that work synergistically to regulate a
particular process or system.[8]. In general, a control
system includes three main components: input, control,
and output. The control system diagram can be seen in

Fig 4.

Fig 4. Control system diagram

Input components receive input signals for the
control system, control components process the signals
to produce output signals, and output components
produce the results of the control process. There are
two types of control systems, namely open-loop control
and closed-loop control. An image of an open-loop
control system can be seen in Fig 5.

Input Output

— Konfrol Proses

| ——

Fig 5. Open loop control system
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Open loop control is a system that has no
feedback, so the output does not affect the control
process.[9]. In contrast, closed-loop control uses
feedback, where the output signal influences the
control process.[10]. The image of the closed loop
control system can be seen in fig 6.

Input Output

Kontrol Proses

Umpan balik

Fig 6. Closed loop control system

In a closed-loop control system, an error signal,
which is the difference between the input signal and the
feedback, is sent to the controller to minimize the error
and ensure that the output is close to the desired result.
This study uses a closed-loop control system.

[ll. METHODOLOGY
A. RESEARCH FLOW

To explain the research steps, a research flow is
used. The research flow in this study can be seen in Fig
7.

Studi Literatur

Perancangan
sistem

l

Pembuatan dan
pengujian alat

Pembuatan dan pengujian

berhasil? Tidak

Analisis

Fig 7. Research flow

B. RESEARCH STAGE PROCEDURES
1) Literature Study

Literature study was conducted to gain insight
into relevant research and information related to
Programmable Logic Controller (PLC) and Human
Machine Interface (HMI). Information was collected
from various sources, including journals, e-books,
books, and websites.

2) System Design

After the information is collected and relevant
literature has been studied, the next stage is to design
the system. This design includes all aspects, from
interface design, system process design, machine
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effectiveness calculations, to controls applied in the
system.

3) Tool Manufacturing and Testing

With the system design complete, the tool is
manufactured and tested using an Omron CP1E-
N30DR-A PLC, an Omron NB7W-TWO00B HMI, and
an APB-22MRDL Array PLC. The tool is tested to
ensure that it is performing to the desired
specifications. If any discrepancies or errors are found
during testing, a redesign will be performed to correct
the existing issues.

4)  Analysis

Analysis is performed after the tool has been
tested and proven to meet the requirements. The results
of the control system and calculation tests are analyzed
to ensure that they comply with applicable needs and
standards. In addition, the analysis also includes an
assessment of how the system works to ensure that all
functions are running as desired.

IV. RESULTS AND DISCUSSION
A. SYSTEM DESIGN RESULTS
The results of the design of the control system and
the calculation of the effectiveness of industrial
machines using a programmable logic controller (PLC)
and human machine interface (HMI) produce a system
that can control and calculate the effectiveness of
industrial machines, with the information displayed on
the HMI screen. The results of the system design can
be seen in Fig 8.
| ]

(a) (b)

Fig 8. Results of system design. (a) At PT Chemco Harapan Nusantara and
(b) Experimental Simulation

B. PLC PROGRAM

The availability calculation program is used to
calculate how long the machine is on in one work shift.
The availability program can be seen in fig 9.
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Fig 9. Program availability

Fig 9. explains the workday trigger to determine
the loading time, after that the data when the machine
iS not operating according to working hours will be
added up and stored in the D100 register. The machine
data will be a reduction for the loading time then the
result is divided by the loading time then multiplied by
&100 and stored in the D150 register. This is in
accordance with formula (2).

The design of the machine control program is to
determine the frequency parameters and timer
parameters that apply to each part processed on the
barrel machine. The program for frequency parameters
can be seen in Fig 10.

1k I_P:J)"I_I >
Fig 10. Frequency parameter program
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In the frequency parameter program, the
frequencies used include 30 Hz, 40 Hz, 43 Hz, and 45
Hz. At a frequency of 30 Hz, the machine is set in
standby mode, so that when the system is activated, the
machine will operate automatically at a frequency of 30
Hz. The address at this frequency is 201.00 which is
connected to the output, while the coil used with the
address W4.00 has inputs W60.00, W3.01, and W1.00,
and uses the MOV instruction with the address D1000.
At a frequency of 40 Hz, the address used is 201.01,
which is connected to the inputs W3.01, W51.00, and
T003 which are paralleled with the P_On contact. At
this frequency, the MOV instruction is also
implemented using the address D1000 with the input
W51.00 which is paralleled. For 43 Hz frequency,
address 201.02 is used with the same input and MOV
address as at 40 Hz frequency, but with a difference in
the MOV input, which is W51.01. While at 45 Hz
frequency, address 201.03 is used and connected to
inputs W3.01, W7.00 to W7.09, and W51.02 which are
paralleled, along with TO03 which is also paralleled
with the P_On contact. MOV instructions at this
frequency use address D1000 with inputs W7.00 to
W7.09 and W51.02 which are paralleled. The 45 Hz
frequency program can be seen in fig 11.

| moDE 4
I

) wr.on eon

Fig 11. 45 Hz frequency program

The timer parameter is used to determine how
long the process time is needed for each production
part. The time used is 3 minutes and 5 minutes. The
timer program can be seen in fig 12.
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Fig 12. Timer program

In the timer program, the specified time is 3
minutes or 1800ms and 5 minutes or 3000ms because
the timer on the PLC uses milliseconds (ms) units. The
address of the timer is D10.

C. HMIDESIGN

The HMI design displays the effectiveness of the
machine to facilitate the recording of machine
effectiveness data by the user. In addition, there is a
part selection that is useful for selecting parts to be
processed. The HMI display for machine effectiveness
and part selection can be seen in Fig 13.

PT CHEMCO HARAPAN NUSANTARA
PPPC FINISHING DEPARTMENT
MONITOR MESIN BARREL

26/6/2024 21:12:32

MESIN BARREL 3

PT CHEMCO HARAPAN NUSANTARA
PPPC FINISHING DEPARTMENT

SELECT PART

D. PoweR CIRCUIT
The power circuit used in this study can be seen
in Fig 14.
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Fig 14. Power circuit

From Fig 14. it is explained that MCB gets power
from RST source voltage then forwarded to contactor
(K1) and TOR which enters RST input on Variable
Frequency Drive (VFD). R and S voltage from MCB
enters Power Supply via contacts L and N, then power
supply output in the form of 24VDC or N24 enters
contact 13 K1 and forwarded via contact 14 to input
address 0.00 on PLC. Voltage source R and S also enter
PLC as power via contacts L and L on PLC. Output on
PLC, namely address 100.00 is forwarded and enters
FWD input contact on VFD, address 101.00 is
forwarded and enters CF1 input contact on VFD,
address 101.01 is forwarded and enters CF2 input
contact on VFD, and address 100.04 enters auxiliary
contact Al on K1. From VVFD will regulate motor speed
via contacts U, V, and W.

E. TEST RESULTS

After the system was successfully created, system
testing was carried out by recreating the control and
monitoring system at the Electrical Engineering
Laboratory of Tidar University from July 18, 2024 to
July 24, 2024, with a total of 28 tests over one week.
Testing was carried out in four sessions per day, where
the system was reset after every two sessions. Each

| TR STy | ER e session used a different part that was selected
[WEETET | ST || T randomly, and the cycle time applied was 5 minutes.
hewfll o | The test results can be seen in Thl 1.
(b)
Fig. 13. HMI design. (a) Effectiveness view and (b) Part selection view.
Thl 1. Test Result Thl
Date The first Time Loss of Total Loss Percentage
attempt time(second) time (%)
1 16.00-17.00 4 99.98
oy 18, 2 17001800 11 15 99.94
3 20.00-21.00 8 21 99.97
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Date The first Time _ Loss of Totql Loss Percentage
attempt time(second) time (%)
4 21.00-22.00 13 99.92
5 16.00-17.00 9 20 99.96
July 19, 6 17.00-18.00 11 99.92
2024 7 20.00-21.00 12 23 99.95
8 21.00-22.00 11 99.91
9 16.00-17.00 9 27 99.96
July 20, 10 17.00-18.00 13 99.91
2024 11 20.00-21.00 10 18 99.96
12 21.00-22.00 8 99.93
13 16.00-17.00 13 99.95
July 21, 14 17.00-18.00 7 20 99.92
20224 15 20.00-21.00 5 16 99.98
16 21.00-22.00 11 99.94
17 16.00-17.00 6 14 99.98
July 22, 18 17.00-18.00 8 99.94
2024 19 20.00-21.00 9 17 99.96
20 21.00-22.00 8 99.93
21 16.00-17.00 9 99.96
July 23, 22 17.00-18.00 8 17 99.93
2024 23 20.00-21.00 7 18 99.97
24 21.00-22.00 11 99.93
25 16.00-17.00 9 17 99.96
July 24, 26 17.00-18.00 8 99.93
2024 27 20.00-21.00 8 16 99.97
28 21.00-22.00 8 99.94

Based on data from Tbl 1, the system
effectiveness percentage is very high, reaching more
than 99.90% during testing, with loss times varying
from 4 seconds to 13 seconds. The test that showed the
highest effectiveness percentage was conducted on July
22 2024 between 16:00 and 18:00 with a loss time of
14 seconds and an effectiveness percentage of 99.94%.
In contrast, the lowest percentage was recorded on July
19 2024 between 20:00 and 22:00 with a loss time of
23 seconds and an effectiveness percentage of 99.91%.
The effectiveness calculation was carried out using
equation 2.2, with a loading time of 25,200 seconds for
days other than Saturday. The average loss time during
testing was 9 seconds, with an average effectiveness
percentage of 99.96%.

The implementation of the control and calculation
system in this study successfully reduced losses due to
wasted time or loss time. Before the implementation of
the system, the process time of one cycle exceeded 5
minutes because the user had to move to press the start
and stop buttons. With the control and calculation
system implemented, the user only needs to press the
start button located close to the workplace and then the
machine will operate automatically. Part selection is
done only at the beginning of the process, so that time
can be saved up to 20 seconds per part process.
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V. CONCLUSION

Based on the tests and analysis that have been
conducted, the research on the control system and
calculation of the effectiveness of industrial machines
based on PLC and HMI leads to several conclusions.
The developed system shows good performance
according to the needs. The control system is able to
regulate the motor frequency through the Variable
Frequency Drive (VFD). The highest percentage of
effectiveness obtained during the test was 99.94% with
a loss time of 14 seconds, while the lowest percentage
was 99.91% with a loss time of 23 seconds. The
average percentage of effectiveness was 99.96%, with
an average loss time of 9 seconds. All test results, both
the highest and the lowest, exceeded the applicable
standard, which was 85%. This system also succeeded
in reducing the process time by 20 seconds from the
previous one cycle of 5 minutes 20 seconds or even
more to 5 minutes per cycle. This time saved if
accumulated will get one additional cycle.
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