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Abstract--The influence of high temperature and exposure to ultraviolet (UV) radiation from sunlight,
rain, and humidity causes damage to the composite material and consequently, reduces its
mechanical performance. Weathering experiments can be carried out outdoors or under laboratory
conditions. Material degradation tests can be carried out directly using natural conditions or laboratory
test equipment that artificially simulates natural conditions. An automatic temperature control system is
needed to keep the setpoint stable during the degradation test. The controller on the system uses
Arduino based on Proportional, Interval, and Derivative (PID). There are three types of gain in the PID
system, which are used to correct or reduce errors, namely Kp, Ki, and Kd. Kp is used to increase the
rise time and settling time of the transient response. Ki is used to increasing the steady-state
response. Kd is used to improve transient response by predicting future errors. The test was carried
out by running the system with different PID parameter values three times to obtain the most
optimized-tingling results in maintaining the setpoint at steady state conditions. Based on the results of
tests that have been carried out with a setpoint of 40 €C, the most optimal results are obtained with
values of Kp=10, Ki=20, and Kd=30. The average temperature is 40.02C with an average error

percentage of 2% and an average accuracy rate of 98%.

Keywords: PID, Control System, UV Weathering Chamber.

1. INTRODUCTION

Materials with mechanical properties are
related to the material's service life [1]-[3].
Material weathering test is carried out to find
out information in determining the material's
resistance to the damaging effects of
weathering [4]-[6]. Many factors can affect the
mechanical properties of a material. UV
radiation is one of the key factors in the aging
of a material, thus limiting the life of the
material [7]. Damage due to UV radiation can
be observed as a change in material
properties. The influence of high temperature
and exposure to ultraviolet (UV) radiation from
the sun, rain, and humidity causes damage to
the composite material and consequently,
reduces its mechanical performance [8], [9].
The effects of ultraviolet radiation are
increasingly clear, which can change the
properties of materials. The color of the
material can change from its original color to
become dull and opaque. In addition, the
surface shows chalk, cracks, and even
erosion. UV radiation can also harden the
surface of a material. Weathering test
equipment is needed to determine the
mechanical properties of material because it

can accelerate the weathering time compared
to natural conditions in the open. The device is
operated with a programmable control system
to provide a simulation of UV weathering. UV
simulates the effects of sunlight with an
ultraviolet (UV) fluorescent lamp, while rain
and dew are simulated by moisture
condensation [10], [11].

The degradation of composite materials is
affected by UV radiation with the degree of
degradation depending on several main
parameters such as UV wavelength, exposure
time, and UV intensity. This study uses a
natural method that takes a long time so it
takes a tool to accelerate the degradation time
which the tool can regulate the temperature to
a certain setpoint. Monitoring the temperature
of the room based on Arduino Uno can be a
control system for room temperature. The
controller helps to run accompanied by
controlling the machine [12]-[14].

The operational characteristics of the engine
with controller control make the engine
performance more optimal [15], [16]. PID
control is a type of controller that is very
commonly used in the process industry [17]-
[20]. Commercial PID modules can generally
be found in the form of Special Process
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Controller modules (eg temperature
controllers, pressure controllers, etc.), DCS
modules, or PLC modules [21]-[25]. PID
control has 3 types of settings and different
functions, namely Proportional Control (P)
serves to speed up the response, Integral

Control (1) serves to eliminate steady error,
and Derivative Control (D) serves to improve
transient response [26]-[29]. Thus, the author
will conduct research related to the design of
an automatic control system that is used to
control the temperature inside the UV
Weathering Chamber using a PID Controller.
It is hoped that using PID can maintain the
temperature at a certain setpoint by tuning
PID.

2. MATERIAL AND METHOD
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Figure 1. Flowchart of system design

Based on Figure 1 the design process
begins with conducting a literature study

related to the problems that occur. At the
identification stage of this problem is an
analysis of the problems that occur, such as
the need for a device design that can control
the temperature on the UV Weathering
Chamber tool. Then the author finds questions
regarding the scope of the problem to be
studied so that it can be studied efficiently

A. Design of The System

; 4>{ Heater
Setpoint PID
N' } —
o/ Controller
4 4>{ Fan

Sensor DHT11 ‘4

Figure 2. PID system block diagram

In the block diagram Figure 2 has a
temperature setpoint, the value of Kp, Ki, and
Kd. If the temperature exceeds or is less than
a predetermined setpoint, the heater will
function to increase the temperature and will
turn off when the temperature has reached the
setpoint. While the fan to lower temperature if
it exceeds the setpoint, besides that the fan
also functions to stabilize the temperature
during the testing process. PID control is used
to control the temperature in the chamber to
keep it stable.

The flowchart of the temperature control
system that will be made can be seen in
Figure 3. When the system is turned on the
microcontroller device reads the input and
output to be controlled. Then set the
temperature setpoint and the length of the test
time and the DHT11l sensor reads the
temperature in the chamber which will be sent
to the microcontroller as input. After receiving
the temperature input, the value is processed
into a variable using the PID calculation which
has the values of Kp, Ki, and Kd. After going
through the PID process, the output value is
obtained which is used to turn on the heater
and fan. When the temperature has reached
the setpoint, this program functions
continuously during the process to maintain a
stable temperature at the setpoint.

ISSN 2549-2888



Jurnal Teknik Mesin: Vol. 12, No. 1, Februari 2023 33

‘ Initialitation 1/0 —»

Setting Setpoint Temperature,
Input Kp, Ki, and Kd Value / Using Sensor DHT11

/ Temperature Measurement /
/ Temperature Measurement

l

/ Temperature Measurement /47

Working Process Heater and Fan
Based on PID Value

- PID Value Calculation

v

N
// I
~

o .
_~~ Temperature No

A

< - ] p
~._ = Setpoint _~
N ~
~__—

Yes

‘ Steady State

End

Figure 3. Flowchart system

B. Prototype Design

The prototype design process consists of input
and output on the microcontroller. The block
diagram of the device in this prototype design
can be seen in Figure 4.

Control
Temperature

Relay H Electric Heater

Temperature
Sensor

PID Controller

(DHT11) Arduino

Uno

Relay }—b Fan ‘

LCD

Figure 4. Prototype block diagram

Below are the functions of each section in
the block diagram above:
1. Input:
a. Temperature Sensor
The sensor is placed in the chamber, it
is used to measure the temperature
level in the chamber starting before the
test until the heater works during the
heating process.
2. Output:
a. LCD (Liquid Crystal Display)
The LCD is used as an Arduino
processing display when setting test
parameters and monitoring temperature
during the testing process.
b. Relay
There are two relays, each of which
functions to control the heater and fan
components based on orders from
Arduino.
c. Heater
In designing this prototype using a belt-
type heater attached to the chamber

wall. The heater turns on when the
temperature in the chamber is below the
specified setpoint value and will turn off
when it exceeds the temperature
setpoint.

d. Fan

Functions as a tool to help lower the
temperature, so the fan functions when
the temperature exceeds the set point
and will turn off during the heating
process.

The block diagram explains that it begins
with reading the temperature in the chamber
by the DHT11 temperature sensor until it is
sent to the microcontroller as input and
processed using PID. The PID control
produces a stable output for system control.
The microcontroller sends a command to the
relay to turn on the heater to increase the
temperature to a predetermined setpoint and
the fan to lower and stabilize the temperature
in the chamber. The LCD works from the
beginning of the sensor reading before the
temperature setpoint is determined until it
reaches the specified setpoint. As shown in
Figure 5 is a prototype control device circuit.

d{ = —
Figure 5. Prototype control

C. Schematic Circuit
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The temperature control system design as

shown in Figure 6 is divided into several

circuits, including the following:

1. Temperature Sensor Circuit as input from
the program created

2. Push button circuit as a test parameter
controller

SSR FAN

DETLL

55K HEATER

‘ ENTER SELECT UP  COWN

3. LCD circuit as a display of the status of the
testing process

4. Heater and Fan circuit as the output of data
processing from the program created.

HEATER PAD

-
—

Figure 6. Arduino schematic circuit

DHT11 Temperature Sensor

Figure 7. DHT11 sensor circuit

The circuit diagram of the DHT11 sensor
which can be seen in Figure 7 is used to read
the room temperature inside the prototype
device. The results of the sensor readings will
be sent to Arduino for processing as input from
the program created. command as program
output. The connection of the DHT11 sensor
pins on the Arduino will be shown in Table 1.

Table 1. DHT11 sensor connection

Pin Connection
5V Arduino VCC
Pin 4 DATA
GND GND
Arduino

Liquid Crystal Digital (LCD) 16x2

Figure 8. 16x2 LCD circuit

As shown in Figure 8, the LCD connected
to the Arduino pin functions to display the
testing process starting from the test
parameter setup until the testing process takes
place. The LCD pin connections on the
Arduino can be seen in Table 2.

Table 2. LCD 16X2 connection

Pin Connection
GND VCC
Arduino
5V Arduino DATA
A4 Arduino GND
A5 Arduino SCL

Push Button

Push buttons in the control design that are
made are used to set test parameters before
the test takes place, 4 push buttons are used
as shown in Figure 9. Finding out the
connection of the push button pins on the
Arduino can be seen in Table 3.
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The heater and fan are output devices from
the control system program created, both
devices work when the relay functions are on
based on commands that come from the
results of microcontroller data processing. As
shown in Figure 10, the Heater and Fan are
not directly connected to the Arduino but
through relay pins. Relay pins connected to
Arduino can be seen in Table 4.

e Table 4. Heater and fan connection

Pin Connection
- o Pin 2 (+) Input VDC Relay Fan
Figure 9. 16x2 LCD circuit . (+) Input VDC Relay
Pin 3 H
eater
Table 3. Push button connection GND Arduino (-) Input VDC Relay Fan
Pin Function GND Arduino I(:l) Input VDC Relay
Pin 12 Button ENTER eater
Pin 11 Button SELECT (+) Output VAC (+) Fan
Pin 10 Button UP ?‘;'gy tFar; e
Pin 9 Button DOWN +) Outpu +) Heater
5V Arduino +) Relay Heater ™
(-) Output VAC
Relay Fan (-) Fan
Heater and Exhaust Fan (-) Output VAC
P (-) Heater

Relay Heater

D. Programming Arduino in Arduino IDE
Prototype programming according to the
designed scheme is carried out on the Arduino
IDE software. PID will control the temperature
according to the given setpoint. Based on
Figure 11, does not show any errors that occur
between the Arduino board connection and the
computer and there are no comments that
indicate errors in the program.

Figure 10. Heater and exhaust fan

@ kontrolsuhu? | Arduine 1.8.19 (Windows Store 1.857.0) - o X
File Edit Sketch Tools Help

o Upload

kantrolsuhu2

Figure 11. The process of sending data to the arduino board via arduino IDE

ISSN 2549-2888



Jurnal Teknik Mesin: Vol. 12, No. 1, Februari 2023 36

3. RESULT AND DISCUSSION

In the research "Design of a Temperature
Control System in a PID-Based UV Weathering
Chamber" in the test results, there are several
categories including, control system hardware
test (hardware), device response test to
Arduino program, and PID control test to the
setpoint temperature.

A. Results of Testing Tools

The results of testing hardware (hardware)
there are test indicators, namely:

1. Test LCD 16x2

Figure 12 shows that the LCD is working
properly according to the commands given
by Arduino. Based on the results of the
LCD testing contained in Table 5. that the
LCD has worked well according to the
commands given by Arduino. The LCD has
successfully displayed the test indicator
setup display and during the testing
process.

Table 5. LCD test results

Test Indicator Test Criteria Test
Result
Backlight Light up Light up
Contrast Very clear Very clear
Showing Succeed
Succeed
Character

Figure 12. LCD test results

2. DHT 11 Sensor Test Results

In testing the DHT 11 sensor device, the
aim is to determine the sensitivity of the
sensor in reading the temperature of the
test room. The test is carried out by
measuring the temperature in the
prototype room using a DHT11 sensor
and a comparison measuring instrument
using a hygrometer.

Table 6. DHT 11 sensor device test
results with hygrometer

DHT 11 Hygrometer Difference % Error
27°C 27,4°C 0,4 1,48
28°C 28,9°C 0,9 3,21
29°C 29,5°C 0,5 1,72
30°C 30,1°C 0,1 0,33
31°C 31,7°C 0,7 2,26
32°C 32,3°C 0,3 0,94
33°C 33,5°C 0,5 1,52
34°C 34,9°C 0,9 2,65
35°C 35,5°C 0,5 1,43
36°C 36,2°C 0,2 0,56
37°C 37,9°C 0,9 2,43
38°C 38,7°C 0,7 1,84
39°C 39,1°C 0,1 0,26
40°C 40,5°C 0,5 1,25
41°C 41,4°C 0,4 0,98

Based on the results of the temperature
test in Table 6. the results of the
percentage error of temperature
readings by the DHT 11 sensor and the
highest hygrometer are 2.65% and the
lowest is 0.26%, with an average error
percentage of 1.62%.

B. Response Test Results

The response test was conducted to determine
the response relationship between the
hardware and the control program in the
Arduino program. As shown in Table 7, the
results of testing the Arduino program's
response to the input given by the pushbutton
when setting the test parameters to the display
that appears during the heating process and
when it has reached overshoot. The test
results of all test indicators do not show the
occurrence of problems or obstacles so that
they can work according to the commands
given by Arduino.

Table 7. Test results of device response to
arduino program

Test Indicator Test Criteria Test Result
Button DOWN Function Function
Button UP Function Function
Button SELECT Function Function
Button ENTER Function Function
Display Setup Function Function
Parameter
Display Testing Function Function
Process
Heater Control Function Function

Automatically
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C. PID Control Test Against Temperature
Setpoint
The control test is carried out to find the PID
parameter value that shows optimal results in
maintaining the setpoint at a steady state. The
test is carried out by setting the PID value
parameter on the control panel, then retrieving
the test data using the Arduino IDE application
which is connected to the Arduino device via a
USB 2.0 cable. Figure 13 shows the

temperature measurement data from three
tests that show the most optimal results
approaching steady state conditions with
different PID value parameters. Temperature
measurement starts when the temperature
passes the setpoint within 30 minutes with an
interval of every 1 minute. Below are three
tests that show the most optimal results
approaching steady-state conditions.

e Setpoint
e Test 1
Test 2

e Tt 3

12345678 91011121314151617181920212223 242526272829 30

Time (Minute)

Figure 13. Temperature Test Results

Based on the test graph above, shows
fluctuating results, from the three tests show
similar results. This is influenced by several
factors, including the density level of the
prototype testing tool and the heater power
which is too small compared to the volume of
the prototype testing tool. To find out the most
optimal test results, it is necessary to find the
average temperature that is closest to the
temperature setpoint which is then used from

43
w42

=
@ 41

the test data to find the percentage error and
maximum overshoot. Based on the test data,
the most optimal results in "Design of
Temperature  Control System on UV
Weathering Chamber Based on PID" were
found in the second experiment with parameter
values Kp=10, Ki=20, and Kd=30. The second
test graph can be seen in Figure 14.
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Figure 14. The Second Test Results
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Based on the graph in Figure 14 the peak
temperature occurs at 41.1°C. The average
temperature obtained is 40.02°C which is the
closest to the setpoint value. So, the
temperature measurement data in the second
test is used as a reference to find the next
calculation

% Error _ |TMeasurement ‘TSetpoint| X 100%
TSetpoint
@

From the error calculation formula, the average
error percentage is 2% and the average
accuracy is 98%.

The calculation of the percentage value of
overshoot is obtained from the following:

Tpeak - T i
% Overshoot = —<k__Setpoint

(2)
% Overshoot = %040 x 100% = 2.75 %

x 100%

TSetpoint

4. CONCLUSION

Based on the results of the study, it can be
concluded that the prototype device for the PID
control system functions well, can work
according to the commands given, and based
on the analysis above, which was carried out 3
times, the results obtained are fluctuating
graph readings with parameters Kp = 10, Ki =
20, Kd = 30 the average error percentage is
2% and the overshoot value is 2.75%. The PID
control system works influenced by the
changing ambient room temperature, the
power on the heater used is too small when
compared to the volume of the testing
prototype tool room, and the density of the
testing prototype tool room. the research
"Design of a Temperature Control System in a
PID-Based UV Weathering Chamber" in the
test results, there are several categories
including, control system hardware test
(hardware), device response test to Arduino
program, and PID control test to the setpoint
temperature.
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