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1. INTRODUCTION

In the era of the industrial revolution 4.0, an automation system has always been a mainstay in every
production unit. The productivity of this machine supports the success of the system in meeting market
demand for goods and services. Moreover, in the electricity production unit, or what is commonly referred to
as the electricity generation unit. Where the need for electricity is also the main support in human life. The
fulfillment of electricity is vital so that humans in an area can carry out their daily activities.

The electricity production must be maintained to keep the supply so that the customer needs can be
provided steadily. Therefore, the electricity generation unit system must have a good design. The system can
handle much information to control the process. The control system process can be done by automatic and
manually. The automatics system works based on the information so that it can control the desired actuator
without human intervention. However, the manual system needs human intervention. The advantage of an automatics
system can be utilized in many applications, such as controlling motor [1], [2], turbine [3], valve [4], [5]. Thus, the
automatics system can be used in power plants.

Geothermal power plants are built around plate tectonics where high-temperature geothermal
sources are available near the surface [6]-[8]. Developments and refinements in drilling and extraction
technology have expanded the range of geothermal power plant construction from nearby tectonic plates [9], [10].
The thermal efficiency of geothermal power plants tends to be low because the fluid is at a lower temperature
compared to steam or boiling water [11], [12].
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In a geothermal generation system, there must be a steam turbine unit to produce electricity. The
steam turbine is an initial drive that converts potential energy into kinetic energy. Then the Kinetic energy is
converted into mechanical energy to rotate a turbine shaft. A control valve on the steam turbine is also installed
which functions to rule the machine's final power production and rotational speed [13]-[15]. The control valve is
mostly operated at a medium or large opening ratio with an optimized pressure drop. Peng et al. [16]
conducted a study to observe the flow behavior for a steam turbine control valve. Research has also been
conducted by Shaoshih et al to analyze single turbine valve closure [17] and Ling et al. [18] who develop an
incipient fault diagnosis of the limit switch. Research to determine the control valve nonlinear characteristic
using MARS was conducted by Halimi et al. [19]. Specifically, Bryan et al. [20] studied for exploiting non-
smooth fold bifurcations in the design of ultra-fast and robust, resettable, electromechanical limit switches.

This study designed an automation device to calibrate the limit switch of a control valve opening in
a steam turbine. The device that uses the Arduino Due board is installed on one of the control valves which is
the main line of fluid from the steam turbine. This device shows 10 aperture values at each limit switch. The
distance of the control valve opening is measured using a vernier caliper mounted directly on the valve. The
data from this caliper distance reading is sent to the microcontroller board for further processing and display
on the LCD. Each limit switch that is on or off will be detected and its distance value stored. This is done to
find out which distance each limit switch is on or off. The consideration of using this microcontroller board is
its ability to support real-time automation systems [21]-[41]. This Arduino board uses an ARM-Cortex M3
CPU core which has a 32-bit ARM core microcontroller [42]-[44].

2. PROCEDURE

This research is divided into two parts, namely hardware consisting of a digital vernier caliper and a
microcontroller board interface circuit and firmware as a program that runs the performance of the microcontroller
board. The research of this article uses some calibration method carried out from RTD [45]-[47].

2.1. System design

A digital vernier caliper is used to detect the distance to the control valve opening. Figure 1 showed
the block diagram of the digital vernier caliper device. The 10 limit switches uses to detect fluid levels. The
aperture distance data is sent to the Arduino Due board. The on/off status of each limit switch is also detected
and processed by Arduino Due. The data is processed then displayed on the TFT LCD device for real-time
observation for the operator in the field.

" .| Digital vernier
Control valve > caliper
Limit switch 1 :
»  Arduino Due » TFT LCD
Optocoupler
isolator

Limit switch 10

Figure 1. System block diagram

2.2. Hardware design

The schematic diagram showed in Figure 2 is the hardware design of the digital vernier caliper
device. This device is supplied with a 24 VV/5A adapter. The selection of this adapter specification follows the
field equipment specifications commonly used at the site plant. Arduino Due with a SAM3X8E 32BIT ARM
Cortex-M3 CPU is used as a data processor. Measuring valve distance is done by placing a digital vernier
caliper onto the valve. This caliper has digital output data. There are 2 pinouts, namely D + for clock output,
and D- for measurement data in the form of high and low digital signals. This digital caliper power is
supplied by the 5 V pin of the Arduino Due board. There are 10 limit switches which are also supplied with
24 V voltage from the adapter. The detection of each limit switch is carried out by using a DSR-IR4P
optocoupler isolator circuit which has an input voltage of 24V and an output voltage of 5 V. This optocoupler
isolator module has 4 channels, so it takes 3 modules to meet the detected limit switch. The use of this
isolator is intended to secure the pins on the microcontroller board circuit from the shock effect coming from
the main power supply.
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Figure 2. Schematic diagram of the device

2.3. Firmware design

Firmware is created as a hardware workflow execution program which is showed in Figure 3. This
program is made on the Arduino IDE platform. This program uses the interrupt on the Timer3 feature to read
the distance data from the digital caliper and detect the on/off status of each limit switch. While the main
program is used to display the user interface (Ul) which contains information on distance values and limit
switch status.

The program starts with the initialization of libraries, variables, pins, interrupt programs, and other
subprograms. The main program will start when the program detects a normal digital signal from the caliper,
or you could say the caliper is connected. Then start the decoding of digital data from the caliper to find out

the distance value.

Initialisation

v

Beqin interrupt

Read calliper
daia

Read limit
switch

Save calliper daia
Display all data &
indicators

Figure 3. System workflow
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After that is the arrangement of the Ul display that is displayed on the TFT LCD. Each distance data
and limit switch status will be displayed in real-time. For every logical change that occurs at each limit
switch, the distance value will be stored in the limit switch status concerned. Normally, this logic change
occurs sequentially from the one to the tenth limit switch. If the limit switch is detected as off, the limit
switch indicator will turn red. However, if the limit switch is detected, the indicator will turn green.

3. RESEARCH METHOD
This calibrator limit switch device is placed on a control valve. The digital caliper mouth is attached
to the valve to determine the distance of the valve opening at each logical change of the tenth limit switch.

3.1. Assembled hardware

Modifications were made to the digital caliper both electrically and mechanically. The PCB on this
digital caliper has 4 pinouts that can be used to read from an external device. These 4 pins consist of VCC,
GND, D +, and D-. The four pinouts are connected to Arduino. For this connection, a 4-channel 3.5 mm
female audio jack is made.

In Figure 4, mechanical modifications were also made so that the cable connection between the
digital caliper and the Arduino Due can be robust and safe from shocks. A 3D printed connector holder is
attached to the digital plastic caliper case. Figure 5 shows a view of the assembled main controller board. The
PCB which contains the Arduino Due, step down, TFT LCD, and all the oscillator optocouplers are placed in
a portable case. Such assembly is intended so that the device can be carried easily and can be placed near the
measuring location safely.

Figure 4. Output connector holder Figure 5. Visualisation of the main controller board

3.2. Ul display

As mentioned in the previous section and Figure 6, this Ul display contains the caliper reading
distance and the on/off status of each limit switch. The distance value indicator shows the actual distance
value in the field, this is for direct observation purposes. Meanwhile, the distance value in the on and off
status on each limit switch indicator shows at what distance the limit switch has changed the status from off
to on and vice versa. This is used to observe the accuracy of the limit switch in detecting the fluid level.
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Figure 6. Ul display of the system
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4. RESULT AND DISCUSSION

The measurement results are compared with standard measuring instruments to determine the level
of accuracy and precision of the research device being made. The standard measuring instrument used for
comparison is the manual or analog vernier caliper. The standard value was obtained from the reading of the standard
caliper in millimeters. From Table 1 the test result shows that this device has more than 99% of accuracy.

|Tested—Standart]|
Standart

Error =

@)

Accuracy = 100 — Error 2

Table 1. Result of measurement test
Tested (mm)  Standart (mm)  Error  Accuracy (%)

0.51 0.50 0.0200 99.980
1.02 1.00 0.0200 99.980
1.49 1.50 0.0067 99.993
2.01 2.00 0.0050 99.995
2.51 2.50 0.0040 99.996
3.01 3.00 0.0033 99.997
3.49 3.50 0.0029 99.997
4.02 4.00 0.0050 99.995
451 4.50 0.0022 99.998
5.01 5.00 0.0020 99.998

5. CONCLUSION

This study concludes that the calibrator limit switch device was successfully made with an accuracy
rate of 99%. The result of all measurements taken and displayed every 67 milliseconds, so the data of every
limit switch opening and closing is actual. Otherwise, with a 24 VDC/ 5 A adapter for 220 VAC electric port,
this device is very reliable used in the field of geothermal power plant. The Ul display makes it easy for users
to observe the actual distance value and the logical changes of each limit switch installed on the control valve.
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