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ABSTRACT

This paper presents a design for the automaticaosystem of
the threshing station model using PLC Zelio smaetay.
Threshing station is a station where a procesepdrstion palm
kernel from the bunch by way of slamming into aatioty drum.
The threshing station model is a shape which rek=mii the
threshing station palm oil mill of PT. Perkebunanskintara V-
PKS Sei Galuh, it has been scaled 1:8. PLC (Promste Logic
Controller) is a microprocessor based on instruntieat can be
programmed to control the machining process autioaiBt This
system design has 2 inputs and 3 outputs. The snang push
button to turn on and turn off of the works systand a rotary
encoder sensor to detect rotating screw conveyw.olitputs are
3 units of DC motors. The programming language seduthe
ladder diagram by using the Software Zelio SofffBis system
includes design of ladder diagram program, desifjrcamtrol
system on auto feeder and design of rotary enceelesor. The
result of this design is revealed that auto feedens
automatically turn on for 60 seconds and turn off30 seconds,
continuously. The sensor works with voltage is ¥ealt at the
moment un-stunted and 0.1 Volt when the stunted.

KEY WORDS: Automatic Control System, Threshing Sation
Model, PLC Zelio Smart Relay, Rotary Encoder Sensor.

1.0INTRODUCTION

The technological advance in industrial automatisn now
increasingly rapid and broad. It is driven by tleeds of growing
industries and vary from year to year that candmnsmore and
more industries that use automation system in nghproduction
process one using PLC [1].

PLC is a computerized industrial control systemttha
continuously monitors the input devices and makesisibns
based on a special program to control the outpuitdePLCs are
usually small, have little memory, and the numbemputs and
outputs is limited. CPU, power supply, and systé® are all
designed into a single unit [2].

The processing palm oil mill in PT. Perkebunan Ntz V-
PKS Sei Galuh consists of several stations, onetith is the
threshing station. Threshing station is a statidren® there is a
separation process palm kernel of empty bunchescffisisting
of auto feeder, thresher and screw conveyor.

Auto feeder is a device in the form of machine tapton
conveyor that can move and direct the fresh fruitdhes into the
thresher to do separation process by way of fresih lhfunches
slammed into a rotating drum then palm kernel tesfilthe
thresher process fell to screw conveyor. Screw egow is a
device machine tool that serves to move and dpakch kernel to
bucket elevators for pulverized process by digestachine and
further the process of suppression by the mactirmaspress to
produce crude palm oil (CPO) [4].

Observation in the field at PT. Perkebunan Nusar¥aPKS
Sei Galuh, auto feeder operation on threshingostatstill use the
operator to regulate incorporate fresh fruit busdhat have been
boiled to be shredded into a thresher by pressiagh-off push
button. When the operator press the on button and feeder
operation, the operator returned to the pressitipstto do other
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work which is to reduce pulp palm kernel resultloé emphasis
by the press machine so that the dregs of the tresuthe

emphasis does not accumulate and can optimize wm&ess
press machine. Palm kernel the threshed then brduygbucket

elevator to be included in the digester and cruglprocess for
optimize and to simplify the process of suppresdigna press
machine. The operator will observe palm kernelrgidie digester
and look at the capacity level digester. Once ¢vellhas enough
capacity on digester, then operator is back tahheshing station
and pressing the off button to turn off the autedier operation.
Operator back to the pressing station to contirtués iwork

reducing dregs of palm oil. When the operator $eedregs of
palm oil result of the emphasis has been redudesh bperator
back again to the threshing station and pressiagthbutton to
turn off the auto feeder operation.

Observations in the field also in screw conveyodem
thresher fractures/detachment shaft screw conveguch causes
a buildup of palm kernel the screw conveyor is sgihning. To
clean the screw conveyor from piling palm kerndélesquite a
long time so that processing of oil palm shoulddsmissed and
the impact on the company's losses due to the ptiotuof crude
palm oil does not reach the target.

Based on the above problems, the authors desigreeshape
and dimension threshing station model using AutoC2AmL4
Software [5] and then, together with the plannifigomduction
processes and modeling threshing station in therdabry of
Mechanical Engineering University of Riau basedeshing
station PKS Sei Galuh [6]. The author also desighedcontrol
system automatically on the threshing station moldated
Programmable Logic Controller (PLC) in the autodiereusing a
timer and designing a sensor system on a screwegonuo
detect the rotation screw conveyor, so that in aHdsbreaking
up/stop the screw conveyor, the sensor will sesitjaal to PLC
for output is auto feeder, thresher and screw cgmvere
dismissed then the author will apply the resultshi® automatic
control system design threshing station model.

This paper aims to provide an automatic contralesyson the
threshing station model using PLC Zelio smart relay

20METHODOLOGY

This paper was conducted with several stages :
2.1 Field Observation and Data Collection

S

Screw Conveyor

oy

—_—
o s

Figure 1: Threshing Station in PTPN V-PKS Sei Galuh

The data taken is measurement data in auto feegasurement
thresher, measurement screw conveyor and operdtte for
auto feeder on and off at the threshing statiompal mills in Sei
Galuh. The threshing station PKS Sei Galuh careka & Figure
1.

2.2 Form and Dimensional Threshing Station M odel

The shape and dimensions of the threshing statmtetradapted
to palm oil mill PT. Perkebunan Nusantara PKS-V Seiluh
using Software Autodesk Autocad 2014, with a scdlé:8 [5].
threshing station model can be seen in Figure 2.

Caption:
1. Casing Auto feeder 9. DC Motor
2. Carrier Plate 10. Pulley
3. Buffer Plate 11. Casing Screw Conveyor
4. Chain 12. Hanging Bearing Plate
5. Base Auto Feeder 13. Screw Conveyor
6. Belting 14. Rotary Encoder Sensor
7. Thresher 15. Chassis
8. Clutch

Figure2: Threshing Stasion Model

2.3 Automated Control System Design

Input used in this design as much as 2 inputs aplub are used
as much as 3 outputs. The address list of inputbatglt that are
used can be seen in Table 1.

Table 1: Address Input and Output

No. Address Device
1 | Inputll Push Button On - Off
2 | Inputlb Encoder Sensor
3 | Output Q1 Screw Conveyor Motor
4 | Output Q2 Thresher Motor
5 | Output Q3 Auto Feeder Motor

Stage of automatic control system consists of theigth
ladder diagram program using Zelio Soft 2 Softwanel rotary
encoder sensor design.

JOM Ase | Received: 20-April-2017 | Accepted: 30-April-Z0[[(45) 1: 9-14]
Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineevsy.isomase.org ISSN: 2354-7065 & e-ISSN: 2527-6085



Jour nal of Ocean, M echanical and Aerospace
-Science and Engineering-, V0l.45

July 30, 2017

2.3.1 Ladder Diagram Program Design

This design using software Zelio Soft 2 with progming
languages Ladder Diagram (LD). The design of ladtiagram
program is accompanied by an explanation can heiseeigure

experience saturation and will generate a pulseew&otary
encoder sensor connected to the PLC input termiioal
processing. Thin disc coupled with the end of thaftsscrew
conveyor, screw conveyor so that when the motarssfiie disc

will not rotate.

Photodiode function to generate infrared lighthet tinblock
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Al at the input is analog comparators program or a
comparison of electrical quantities such as rotary encoder
sensor. While discrete inputs I1 is like a pushbutton. The
program s to run concurrently Q1 and Q2 when I1 is pressed
and Al above 2.5 Volt.
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rotary encoder sensor. The electrical circuit sckt@mdrive

optocoupler in the rotary encoder sensor can heisdeigure 4.
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Figure 4: Schematic Sensor Circuit Drive Optocoupler in Rota
Encoder Sensor

The rotary encoder sensor is a circuit functionoferate

photodiode rotary encoder sensor. This circuitthagnput of the
circuit and lowering the voltage output to drives thptocoupler
photodiode rotary encoder sensor. Electrical ciresihematic

~ >
9 AUTO FEEDER
T2

ont -

~ {3

TT2 is the value for the active timer Q3. The program is to
enable Q3 for 60 seconds.

Q3
—~ 0

O AUTO FEEDER

M on the program is the auxiliary relays are internal relays
contained in output PLC. TT1 is a timer value Q3 for the

delay. The program is to provide a delay in Q3 for 30
seconds.

Figure3: Ladder Diagram Program Design

2.3.2 Rotary Encoder Sensor Design

Sensor is a device that measures certain chagtiteriof an
object or system. In the field of engineering, sessre used for
testing and monitoring applications. The senseilfiis generally
used as monitoring, controlling, and protection [7]

Rotary encoder sensors are used to detect light fhe LED
opposite. Rotary encoder composed of a thin dischhs holes in
the circular disc. Disc with 36 holes at its cirdenence with an
angle between the two holes adjacent to the midpisinl0
degrees. When the position of the disk resultghtliof the LED
reaches the photodiode through the hole, thentbegdiode will

rotary encoder sensor can be seen in Figure 9.

Flow chart of the overall system program in thésign can

be seen in Figure 5.
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Figure5: Flow Chart of Overall System Program
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From the flow chart overall system program in Fegurl,
starting with press on - off so that the PLC Zalinart relay ON
then the automated process is carried out to cdioplélhere are
several processes performed by the PLC:

1. The first process, PLC Zelio smart relay in the €iBke with
a 24 Volt DC supply voltage of the power supplyuhll to
the ON position, the input I1 serves as a digitaluit of the
on-off to drive the screw conveyor motor, thresheotor
simultaneously.

2. The second process, auto feeder motor delay fae80nds,

then the auto feeder motor will be on for 60 sesond

continuously.

3. The third process, input on PLC Zelio smart relaysl used
as a input rotary encoder sensor, a rotary ens®®or using
input voltages from 3 to 5.5 Volts DC and has atpotin the
form of an analog voltage. The way it works is whée
operating voltage output at below 2.5 Volt PLC, Pil€ects
the voltage drop across the sensor so that the éXeCutes
three DC motors to turn off or off.

2.4 Testing Automated Control System on Threshing Station
M odel

Testing the control system on the threshing statmmdel is the

stage of testing/simulation of the control systemtlee machine

auto feeder using a timer on and off then testing/tion of

rotary encoder sensor on a screw Conveyor.

3.0RESULTSAND ANALYSIS

The result of the testing of the automatic consydtem on the
the threshing station model consists of three restlt, the test
results ladder diagram program, the results ofngsiuto feeder
and the rotary encoder sensor test result.

3.1 Program Testing Result
Testing program ladder diagram by mean of simutatioogram
using Zelio Soft 2 Software. This simulation ainesdetermine
whether the input and output that have been inptbgram can
work as expected.
The stages in the testing program using the laddegram
Zelio Soft 2 Software:
1. The first step to test/simulate ladder diagram m@mogthat is
created by clicking the icon on the toolbar EditddoS as
shown in Figure 6.
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Figure6: Ladder Diagram Program

. After the icon S clicked it will go to the Simulati Mode,

ladder diagram program will be blue overall as sedrigure

N

aoaaans

Figure 7: Simulation Mode Program

. To display the result of the simulation progranZéiio Soft 2

Software, click the icon discrete input, analoguinjgon, icon
discrete output and timer icon will appear on theeadsheet
program as shown in Figure 8.
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Figure 8: Display Input and Output Program

. To run a start-up program click on the icon RUN mod

simulation program, then the program is ready teibeilated
as shown in Figure 9. Contact or coil blue indisatee
program is not active (0) and red indicates arvaqirogram
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Figure 9: ProgramReady Simulasi
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Click on discrete input 11 to activate the progrdadder

diagram, set or position on the analog input vatalgove 2.5
volts so that the coil [Q1] or screw conveyor ai@PR] or

thresher active simultaneously. Program output kitian Q1

and Q2 can be seen in Figure 10.

Figure 10: ProgramOutput Q1 and Q2

Program blue ladder diagram shows that output [8ay
for 30 seconds, after 30 seconds, the [Q3] willabtve for
60 seconds continuously. Contact or coil in redwshohe
program ladder diagram program is active (1) asvshim

Figure 11.
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Figure 11: Simulation Program Output Q1, Q2 and Q3

5. Next is testing rotary encoder sensor on the ladiggram
program by lowering the voltage at the analog infbo} to
bellow 2.5 Volt as shown in Figure 12.

| Analog inputs )

Figure 12: Analog Inputs

At the time of the voltage below 2.5 Volts, outp@tl], [Q2]
and [Q3] will off button simultaneously, the prograshows
the blue ladder diagram not active (0) as showkigare 13.
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Figure 13: TestingRotary Encoder Sensor Program

The result of the simulation program using the &dtlagram
Zelio Soft 2 Software work as expected. Programeehaeen
simulated on a notebook and then sent to the PLGulaovia a
USB cable (COM PORT) with type SR2 USBO01 for the
implementation of the automatic control system lea threshing
station model.

3.2The Result of The Test Automatic Control Systems on
Auto Feeder

The result of these test are auto feeder operatédr®0 seconds

and off for 30 seconds automatically and continowgth a

timer that has been input into the ladder diagraoggam based

on the retrieval time auto feeder on and off atabmpoil mill

threshing station Sei Galuh.

3.3 The Resault of The Test Rotary Encoder Sensor

Rotary encoder sensor is a sensor that detectsttiteon with the

output of the analog input on a PLC. Analog inpi iaput that

serves as a comparison of analog data (voltageerdimeasured
with reference data/reference.

There are two types of test are testing detectoerwthe
rotary encoder is un-block and block gap.

1. Testing rotary encoder detector when the gap islack.

The result obtained in the test voltage detectoisseis a
rotary encoder that is 4.4 Volt. Voltage resultaibéd are
included in the normal operating voltage rangerdsnf 3 to
5.5 Volts (rotary encoder sensor data sheet).

2. Testing detector when the rotary encoder sendaoeked.
The second test is to measure the voltage at thectde
rotary encoder using a paper at the sensor opeamwitagy
encoder as a barrier to light/infrared light. Tegtiis
characterized by its flame green light on the gotamcoder
sensor.
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Application of automatic control system on the #iniag Rotary encoder sensor can work with supply voltdggew 6
station model can be seen in Figure 14. Volt, This is because the normal operating volteggiired rotary

encoder sensor is just 3 to 5.5 Volts so the 24 Sgbply voltage
rotary encoder sensor can not work /active. Attime of screw
conveyor shaft removable/end, sensor voltage weitréase, this
is due to the disc sensor that block light/infraa¢dhe gap rotary
encoder sensor. PLC received a signal of a voliage below 2.5
Volts based on the input voltage has been in ggttie analog
comparators.

4.0 CONCLUSION

In this paper, an automatic control system of tireghing station
model using PLC Zelio smart relay is presented oAaeder can
operate on and off automatically and continuousith wWime on
for 60 seconds and off for 30 seconds. Rotary egrcednsor is
used to detect screw conveyor stop. Threshingosttmodel

Caption:
1? Screw Conveyor 4. Notebook have been made without reducing the functionalify tie
2. Thresher 5. PLC Unit Control threshing station in PKS Sei Galuh and can be egpio an
3. Auto Feeder automatic control system on the threshing statiomsdel in

. o ) accordance with the design.
Figure 14: Application of Automatic Control System on

Threshing Station Model
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has been transferred into the PLC module.

Auto feeder on the threshing station model can be r
automatically on and off continuously by the desmnladder
diagram program. At the time of press on the buitopressed
and the sensor input PLC has reached a voltageeahévVolts
then the screw conveyor motor and the thresher moto
simultaneously, while the auto feeder motor delayed 30
seconds and will be on for 60 seconds.
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