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Saving energy The availability of sufficient energy must support the rapid development of technology.
Water pump The availability of electrical energy is decreasing. The saving of energy is one of the
Control system ways to solve this problem. One of the uses of electricity in clean water pumps, where

Pulse width modulation clean water is the basic necessity of human life, therefore control system and auxiliary

equipment is needed that is able to supply water according to the capacity of the need.
However, often the use of the pump is not proportional to the capacity of the needs and
the pump is often operated continuously, so that electricity and water are wasted. In
this research, the use of water pumps is controlled, the rotation of the pump drive motor
can be adjusted so that the pump output is in accordance with the water consumption
load. The speed of a Direct Current (DC) motor is determined by the voltage. The
higher the voltage, the faster the rotation. The focus of this research is to optimize the
power efficiency of DC water pumps by using the Pulse Width Modulation (PWM)
method to control the speed of the pump.

1 Introduction

Saving energy is an important part of increasing the economic value of a system by reducing the
amount of energy that is used. Reducing energy use can be done by changing the way operations and
maintenance are performed, investing in more efficient technology, timing operations, and performing
energy conversion [1]. Water pump is one of the important devices in water management. This pump is
used to drain water from the source to the point of consumption or storage, but the problem is that the pump
operation still uses a conventional system so that when operated the pump cannot consider the need for
water discharge flowing in the pipe [2,3]. In conventional systems or without pulse width modulation to
consider the need for water discharge, the valve is opened and closed, but the voltage and current in the
pump operation remain constant, there is no significant change, therefore it can make the power in the water
pump still high [4,5].

The main purpose of a control system is optimizing, which is achieved through the control system's
function of measuring, comparing, recording and calculating [6]. Proportional Integral and Derivative (PID)
control is a control system to determine the precision of an instrumentation system with feedback on the
system [7,8]. Proportional Integral and Derivative (PID) control is the development of conventional control
which aims to provide optimal control performance in the control system [9,10]. For solve the problems,
the previous research entitled “Controlling the Speed of the DC Water Pump Motor Using Proportional
Integral and Derivative (PID) According Water debit base on Arduino™ by Andreas et al. [11], which has
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designed an automatic pump control system that objective to maintain the debit or flow of water to remain
constant, regardless of the valve or tap that is opened. This system uses Proportional Integral Derivative
(PID) control to control the pump motor speed then the pump motor speed is controlled with a Pulse Width
Modulation (PWM) driver.

In another research entitled “PID Control System for Mini Plant Water Flow Application base on
Arduino” [12]. This research also focuses on controlling the water flow to remain stable based on a set
point. This research makes a mini plant that regulates water flow using PID control to control the speed of
the pump motor, with the speed controlled by a motor driver. By combining the two previous research, this
research objective to more optimized power efficiency and stability of water flow. Therefore, this research
focuses on optimized the power efficiency of Direct Current (DC) water pumps, Pulse width modulation
method combined with a Proportional Integral and Derivative (PID) control system used to control pump
speed so that pump operations (voltage, current, and power) follow a few of setpoint. So that to answer
these problems, the author made research entitled "Water Pump Control System with Pulse Width
Modulation Method Based on Arduino Uno R3"

This research uses Arduino UNO R3 as controller, BTS7960 as pump driver, potentiometer as set
point input, and YF-S201 waterflow sensor to detect water flow. Other than that, this research involves a
0-25 Vpc voltage sensor and a 5A ACS712 current sensor, parameters such as actual water flow, setpoint
water flow, pump voltage, pump current, and pump power are displayed on a 20x4 12C Liquid Crystal
Display (LCD) as a system display. By making and developing this research, it is projected that a positive
step in increasing the power efficiency of water pumps is obtained, and it provides adaptive and efficient
solutions in terms of resource management and contributing to efforts to use energy more sustainably.

2 Experimental Methods
2.1 Hardware design

The Figure 1 is a block diagram of how the water pump control system works with the Arduino UNO
R3-based pulse width modulation method.
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Figure 1. Block diagram of the control system

With this block diagram, the system is designed to maintain the output water flow in accordance with
setpoint or input determined using a potentiometer. Arduino as the controller uses feedback from the YF-
S201 waterflow sensor to generate the appropriate control signal. In the process, the BTS7960 driver is
used to control the DC pump based on the control signal sent by Arduino as the controller then the 25 Vpc
voltage sensor and ACS712 5A current sensor are used to determine the voltage and current of the DC
pump whose operation is controlled by the BTS7960 driver based on the control signal sent by Arduino as
the controller. Parameters in the form water flow setpoint, actual water flow, voltage, current, and power
will be displayed on a 20x4 LCD as a display.

The output of this control system is the water flow produced by a DC pump, the operation of which
is controlled by a BTS7960 driver based on the set point value set by a potentiometer. In addition, an
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electronic schematic circuit, in the form of a circuit diagram of each component and wiring, is to be made

after a block diagram of the control system is made. Electronic circuit diagram is presented in Figure 2.

Iar  Se 5
a o;jﬁz‘zzolmor 220 VAC
3 Potensiomelor Gummm s
g A
(=" Power Supply
LCD 12C 20x4 12VDC 104
Arduino UNO R3 (f — ]
BTS7960.

Drnu‘

DC Jack Male

Voltage Sensor
0-25 VDC

ACS7012

Current Sensor

Submersible Pump 12VDC

Figure 2. Electronics schematic circuit

2.2 Software design
Figure 3 is a flowchart showing the operation of the water pump control system using Arduino UNO

R3 based pulse width modulation method.
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Figure 3. Flowchart of how the system works
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10.

11.

The Figure 3 is flow chart of how the system works can be explained as follows:

Start is the first step of this system.

The set point is entered by potentiometer, the set point in consideration is the water discharge
according to the data taken from the valve opening.

Arduino will receive a control signal sent by the potentiometer in determining the set point.
BTS7960 driver adjusts the output voltage according to the control signal sent by Arduino.

The rotation speed of the DC pump follows the output voltage of the BTS7960 driver according to
the control signal sent by Arduino.

The voltage sensor and current sensor ACS712 5A read the voltage and current according to the speed
of the DC pump, which works based on the output voltage of the BTS7960 driver according to the
control signal sent by Arduino.

Water flow sensor YF-S201 reads the water flow produced by the DC pump whose pump rotation
speed is based on the output voltage of the BTS7960 driver according to the control signal sent by
Arduino.

The YF-S201 water flow sensor will send a control signal to the Arduino as a controller when the
water flow reading does not match the initial set point, so that it readjusts according to the
predetermined set point, also called feedback control.

However, if the flow reading is in accordance with the set point, the system will continue to operate
in accordance with the initial set point.

If the flow is according to the set point but there is a disturbance, the disturbance being to change the
water flow by changing the valve opening so that it causes a system mismatch, the Arduino will
receive the disturbance signal and process it to be able to re-adjust according to the predetermined set
point,

Finish is the last step

3 Results and Discussion

3.1 Results and discussion system that does not use pulse width modulation

First research, the Arduino is only used to read data from the YF-S201 water flow sensor, which

measures different water flows by adjusting the valve opening in the range of 0 to 90 degrees, in systems
that do not use the pulse width modulation method. In addition, in the systems that do not use the pulse
width modulation method, the voltage and current measurements related to the operation of the water pump
are carried out manually using a multimeter. The purpose of testing and analyzing the system without PWM
is as a reference so that the results of testing the system without PWM are used as a reference for the system
with PWM and then compared in terms of power efficiency and system response. Figure 4 system test
results without using PWM.

220 VAC

LCD 12€ 2034

DC Jack Male .

Submersibie Pump 12VDC

Figure 4. Testing the system without PWM with an open valve magnitude of 40°
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Figure 4 above is explained as follows:

a.  Firstly, ensure the pump is connected to the power supply; the pump requires 12 Vpc to operate.

b.  Then adjust the valve opening manually until the opening forms an angle of approximately 40°; this
is done to determine the variation in flow readings from the YF S201 water flow sensor.

c.  Measure flow on a pump operating with the valve opening at an angle of about 40°.

d.  The water flow sensor reads the variation in flow by closing the valve at a certain angle, the readings
are displayed on the serial monitor.

For more complete results of the non-PWM system test, see Table 1 for results of the non-PWM

system test.
Table 1. Test results of a system that does not use pulse width modulation

Open valve Pump Voltage Pump Current Pump Power Water Flow

) (v) (A) (Watt) (L/H)
0 12 1.92 23.04 0
10 12 1.93 23.16 36
20 12 2 24 290
30 12 2.14 25.68 545
40 12 2.24 26.88 676
50 12 2.36 28.32 824
60 12 2.43 29.16 945
70 12 2.46 29.52 969
80 12 2.48 29.76 981
90 12 2.50 30 993

From Table 1, it can be concluded that a system that does not use pulse width modulation to achieve
different discharge variants must set the open valve without regard to the voltage and current of the pump,

140



Volume 23 (2) 2024

Usman and Permana

so that the average power required is rather high; to illustrate this, a graph of the power consumption of a
pump that does not use pulse width modulation is shown in Figure 5.
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Figure 5. Graph of pump power usage that does not use pulse width modulation
3.2 Results and analysis of the system using pulse width modulation

Automatic control systems can have benefits for people, in addition to speeding up the work process,
Proportional Integral and Derivative (PID) control is one of the control sciences that has been widely used
because of its reliability in system stabilization. In stabilizing the system, Proportional Integral and
Derivative (PID) control requires a received error and converts it into a system response until the system
can stabilize automatically. In the control system, there are several conditions that must be considered
before the Process Variable (PV) value adjusts to Set Point (SP), there is a delayed overshoot (spike). To
reduce the overshoot, the Kp needs to be increased and the PV becomes slower to respond. Control
characteristics are based on Maximum Overshoot (Mp) and Settling Time (ts). These two parameters are
very important in determining how the Proportional Integral and Derivative (P1D) will oscillate.

Knowing the maximum overshoot and settling time allows us to determine how the best control will
respond. Theoretically, maximum overshoot and settling time have an inverse relationship. In other words,
if a control has a high maximum overshoot, it will usually have a short settling time. The Kp parameter is
identical to the proportional control parameter. The higher the p-value, the more sensitive the controller is.
The Ti parameter is identical to the integral control. The faster the controller reacts or the more sensitive it
is, and vice versa, if the value of Ti is high. Parameter Td is identical to differential control. This differential
control has the property that it cannot give an output when the input does not change. The output is directly
proportional to the Td value, i.e., the greater the Td value, the greater the resulting output. The parameters
Kp, Ti, Td in the control response using Proportional Integral and Derivative (PID) are mutually providing
actions that can overcome the shortcomings of each controller P, I and D. The elements P, I, and D are each
useful to accelerate the system reactions, to eliminate offsets and to obtain extra energy in the first moments
of load or set point changes.

The next step is to determine if there is a difference in power consumption between not using PWM
and using PWM. To be more focused, the standard is made based on water flow as the output of the pump
with several set points according to the data in Figure 5. The set points to be used are 290 L/H, which is the
flow rate when the valve is open 20°, 545 L/H, which is the flow rate when the valve is open 30°, 678 L/H,
which is the water flow rate when the valve is open 40°, and 824 L/H, which is the water flow rate when
the valve is open 50°. Water flow sensor YF-S201 to read the water flow, potentiometer as a set point input
as desired as a valve substitute, use BTS7960 as a pump driver so that the pump turns according to the
predetermined set point. To find out the value of voltage and current as a measuring instrument, we use a
0-25 Vpc voltage sensor, an ACS712 5 A current sensor, and to read the value we use a 20x4 12C LCD.
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3.2.1 290 L/H set point testing

The first experiment, turning the potentiometer to set the water flow set point to 290 L/H, will also
display the system readings on the serial monitor as shown in Figure 6. Also, as shown in Figure 7, the
results of system response measurements that have been processed from the readings displayed on the serial
monitor to produce a system response graph for a set point of 290 L/H.

ii:) Output  Senal Mondor X
Massogo (Enter 10 wend mes 5008 10 ‘Arduino Ung' on 'COMEY)

22138148.000 ~> Vi 250,00, ¥vr 0.00, V5 0.00 v, X1 0,05 A, Pr 0,00 W
22:38:45.358 -> 2V: 250.00, D¥: 0.00, W: 0.53 WV, I: Q.CE A, P: 0.0¢ W
22138150.741 ~> SV: 290.30, IV: 0.00,
22:38:52,159 -> sv: 290,00, #v: 0,00,
22138153.544 ~> svr 250,00, ¥v: 0.00,

0.7V, I: 0.0 A, Pr D.OOW
0.80 v, 2: 0,00 A, 2: 0,00 ™
1.48 v, 271 000 A, 9: 0,00
1

v B

BTN P

22:38:54,945 ~> 2V: 250,00, DV: 0,00, .50V, I: 0,00 A, P: C.OO W
(:l_ 22:38:56.33¢ -> 8V: 290.00, PV: 0.00, V: 2.52 V, I: 0.CO A, Pr 0.00 M
22538:57.723 => $v: 290,00, ¥v: 80,00, ¥: 2.88 ¥, 2: OGO A, P! 0,00 w
232:38:85.103 ~> 3V: 290,00, PV 426,00, Vi .10V, 2: 0.00 A P 0,00 W
32:39:00.508 ~> &V: 290,00, DV: 306.00, V: 2,65 V, 3: 0.03 X, P! 0,24 W
22:39:01.870 ~> 3V: 250.00, DPV: 283.00, V: 2.SEV, I: 0.10 A, P! 0.25 W
22:39:03,287 > sv: 290,00, BV: 293.00, v: 2,64 v, 31t 0,10 A, P! 0,26 W
22:39:04.€59 => 3v: 290,00, #v: 280,00, v: 2,65 %, 2: 000 A, P! 0,26 W
232:39:08.077 => 2V: 290,00, PV: 293.00, V: 2.5% V, I: G.ID A, P: 0.25 W
22:39:07.486 -> 2V: 290.00, DV: 293.00, V: 2.64 V, I: D.O0 A, D: 0.00 W
22:39:09.893 > 3v: 290,00, ¥v: 290.00, v: 2.64 v, I: Q.19 A, P: 0.25 W
22:39:10.273 => $v: 290,00, #v: 306.00, v: 2,80 %, 2: 0,10 A, B: 028 W
22:39:00,851 => 2V: 290,00, 3V 200,00, Vi 2,42V, I: C.A0 A Pi 0,24 W
22:35:13,072 -> 2V: 290,00, PV: 253.00, Vi 2,63V, I: 0,10 A, P: 0.25 W
22:39:14,466 -> sVv: 290,00, BV: 293.00, v: 2,64 v, 1: 0.10 A, P: 0.26 W
22:39:15.863 ~> sv: 290,00, #v: 293,00, Vi 2.60 %, 23 G093 A, P: 0,24 W
A239:07.241 => AV 290,00, Vi 292,00, Vi 2.41 VW, I C.O0R A, P Q.22 W
22:39:18, 845 -> 2V: 290,00, IV: 280.00, V: 2,60V, I: 0.3 A, P: 0.26 W
22339:20.02% -> sv: 290.00, ¥V: 293.00, v: 2.61 Vv, I; C.00 A, B: 0.00 W
22:39:21.451 ~> 5v: 290,00, Bv: 2080.00, v: 2,61 v, 2: 0.09 A, B! 0.20 W
22:39122.024 => V; 290,00, BV 206.00, Vi 2,08V, It 0.0 A, Pt Q.00 W
A2339:2€6,234 ~> 2V; 290,00, PV: 383,00, Vi 2,62V, I: 0,00 A P: Q.00 W
22:39:125.€628 <> sv: 290.00, ¥V: 293.00, v; 2.2 ¥, I: 0.10 A, B; 0.26 W
22:39:27.025 > sv: 290,00, ¥v: 280.00, v: 2.5% v, 1: 0G.00 A, P: 0.00 W
22139128.602 => 8W: 290,00, 9V: 293.00, Vi 2.65 V, Ii 0.00 A, Pt Q.00 W
22:39:29.000 => 2V: 290,00, PV: 200.00, Vi 2,41 V, 3: C.I0 A, P: 0.25 W
@ 22:39:38,1935 -> 5V 250,00, ¥7: 293.00, vi 2,60V, I: 0,00 A, P1 0. 00 W

Figure 6. System readings at set point 290 L/H on serial monitor
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Figure 7. Response curve of the system at a set point of 290 L/H
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In Figure 7 is a response curve of the system at a set point of 290 L/H, it can be concluded that the
Rise Time (tr) = 6.5 seconds, Peak Time (tp) = 7 seconds, then Settling Time (ts) = 20 seconds with a
tolerance according to the set point of 1.0% ~ 3.4% and Maximum Overshoot (Mp) = 33% then in Figure

8. is the average power consumption using the pulse width modulation method at a set point of 290 L/H
only 0.26 Watts.
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s Pump Power ~ =——Average Pump Power : 0.26 watt ~ ——Setpoint: 290 L/H  ——System Response

Figure 8. Pump power consumption at set point 290 L/H

Then, at a set point of 290 L/H, it is also tested with a disturbance in the form of a valve closing by
50%, the following system response to disturbance is shown in Figures 9 and 10 this is the use of pump
power at a set point of 290 L/H when there is a disturbance in the form of 50% valve closing. This test is

carried out to determine the impact and the response of the control system when users reduce or increase
the consumption of water they are using.

500 -
50 % valve closure
400 reopened
_— Disturbance of 50 %
g Valve closure
~—
— 300 Ja) A A A
N’ L AR, 4 vVV v VvV N7 v v v v "4 vV V
—
o
Q
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(2 —Actual
100 1 -
ts ts
O FPTrTTTr Ty T T T e T e T T v YT er v Ty e T v A v v T Ty v rrrrrrrrrrrrenm
Time (s)
Notes
*Settling time (ts) with 50 % valve closure disturbance= 10 s
*Settling time (ts) when 50 % valve closure reopened =155

Figure 9. System response at set point 290 L/H with disturbance of 50% valve closed
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Figure 10. Pump power utilization at 290 L/H set point system response with disturbance in the form of 50% valve
closure

In Figures 9 and 10 when the valve is closed by 50%, there is a decrease in the actual discharge
reading. This indicates that the system is experiencing a disturbance that affects the water discharge. In
response to this disturbance, the system sends an error signal to the controller. After receiving the error
signal, the controller is then tasked with adjusting the pump operation, which includes adjusting the voltage,
current, and power, so that the actual discharge returns to the predetermined set point of 290 L/H. The time
required for the system to return to stability, or Settling Time (ts) when given a disturbance in the form of
valve closure by 50% at a set point of 290 L/H, only takes 10 seconds. This is characterized by an increase
in the power used by the pump so that the discharge returns to the set point Although there is an increase in
power during this adjustment process, the power increase is not significant. This is because the discharge
of 290 L/H can still be operated with relatively low power.

Furthermore, after the system reaches stability in accordance with the set point, the valve that was
previously closed by 50% is then fully opened again. As a result, there is a spike in the actual discharge
reading. The system then detects this spike as an error signal. In response, the system sends another error
signal to the controller to adjust the pump operation. The time taken for the system to stabilize at the set
point of 290 L/H after the valve is fully opened is about 15 seconds, characterized by a decrease in the
power used by the pump to return to the predetermined set point. This test process demonstrates the
efficiency and responsiveness of the system in maintaining the stability of the discharge in accordance with
the desired set point, in spite of the disturbance of the valve settings. The average power required during
the test with 50% valve closure interruption was only 0.30 Watts. This shows that the system is not only
responsive but also efficient in regulating power during the pump operational adjustment process to
maintain the discharge at the desired level.

3.2.2 545 L/H set point testing

At set point 545 L / H the reading results will also be displayed on the serial monitor following Figure
11 which is the result of the system reading at set point 545 L/H displayed on the serial monitor. As shown
in Figure 12, the results of the system response readings that have been processed from the readings
displayed on the serial monitor so that it becomes a system response graph for set point 545 L/H.
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g Qutput  Serial Monitor x

Message (Enter to send message to 'Arduino Uno' on "COM4")

22:41:12.811 -> sSv: 545.00, PV: 546.00,
@ 22:41:14.214 -> SV: 545.00, PV: 546.00,

.68 Vv,
.67 v,

.04 A,
.04 &,

.13
.14

Hﬁ“ 22:40:30.925 ->» Sv: 545.00, PV: 626.00, V: 4.36 Vv, I: 0.07 A, P: 0.29 W
22:40:32.285 -> 8V: 545.00, PV: 586.00, V: 4.07 ¥V, I: 0.03 A, P: 0.10 W
22:40:33.708 -> 8V: 545.00, PV: 560.00, V: 4.05 VvV, I: 0.03 A, P: 0.14 W

{£>' 22:40:35.114 -> sv: 545.00, PV: 573.00, Vv: 4.07 v, I: 0.01 A, P: 0.06 W
22:40:36.515 -> sSv: 545.00, PV: 546.00, V: 3.7% v, I: 0.04 A, P: 0.15 W
22:40:37.8%97 ->» 8Sv: 545.00, PV: 560.00, V: 4.10 Vv, I: 0.03 A, P: 0.12 W

(:{ 22:40:359.301 -> s8Sv: 545.00, PV: 560.00, V: 3.76 ¥V, I: 0.03 A, P: 0.12 W
22:40:40.6%5 -> 8SV: 545.00, PV: 560.00, V: 3.85 Vv, I: 0.06 A, P: 0.23 W
22:40:42.059%9 -> s8Vv: 545.00, PV: 546.00, Vv: 3.74 v, I: 0.03 A, P: 0.13 W
22:40:43.48% -> sSv: 545.00, PV: 546.00, V: 3.8% v, I: 0.04 A, P: 0.17 W
22:40:44_.864 -> Sv: 545.00, PV: 546.00, V: 3.75 Vv, I: 0.05 A, P: 0.20 W
22:40:46.279 -> 8V: 545.00, PV: 546.00, V: 3.85 VvV, I: 0.07 A, P: 0.26 W
22:40:47.687 -> 8V: 545.00, PV: 546.00, V: 3.76 Vv, I: 0.04 A, P: 0.15 W
22:40:49.084 -> sV: 545.00, PV: 546.00, V: 3.83 Vv, I: 0.06 A, P: 0.22 W
22:40:50.474 -> sv: 545.00, PV: 560.00, Vv: 3.77 Vv, I: 0.03 A, P: 0.12 W
22:40:51.853 ->» sSv: 545.00, PV: 533.00, V: 3.67 Vv, I: 0.05 A, P: 0.17 W
22:40:53.268 ->» sSv: 545.00, PV: 546.00, V: 3.78 Vv, I: 0.05 A, P: O0.18 W
22:40:54.659 -> 8V: 545.00, PV: 546.00, V: 3.85 Vv, I: 0.06 A, P: 0.23 W
22:40:56.046 —-> 8SV: 545.00, PV: 546.00, V: 3.79 Vv, I: 0.07 A, P: 0.25 W
22:40:57.464 -> sSv: 545.00, PV: 560.00, V: 3.76 Vv, I: 0.04 A, P: O0.16 W
22:40:58.84% -> sSv: 545.00, PV: 546.00, V: 3.68 v, I: 0.03 A, P: 0.11 W
22:41:00.241 -> s8SV: 545.00, PV: 546.00, V: 3.67 v, I: 0.05 A, P: 0.19 W
22:41:01.633 -> SV: 545.00, PV: 533.00, V: 3.64 v, I: 0.04 A, P: 0.13 W
22:41:03.048 -> sv: 545.00, PV: 560.00, V: 3.83 v, I: 0.03 A, P: 0.12 W
22:41:04.438 -> svV: 545.00, PV: 533.00, V: 3.67 v, I: 0.03 A, P: 0.11 W
22:41:05.824 ->» sSv: 545.00, PV: 560.00, V: 3.80 v, I: 0.04 A, P: 0.14 W
22:41:07.229%9 ->» SV: 545.00, PV: 546.00, V: 3.65 Vv, I: 0.07 A, P: 0.26 W
22:41:08.633 -> 8V: 545.00, PV: 533.00, V: 3.66 VvV, I: 0.05 A, P: 0.1% W
22:41:10.020 -> 8V: 545.00, PV: 546.00, V: 3.80 Vv, I: 0.03 A, P: 0.11 W
22:41:11.400 -> sSvV: 545.00, PV: 546.00, V: 3.66 V, I: 0.03 A, P: 0.12 W

v: 3 I: O P: O W
v: 3 I: 0 P: 0 W

Figure 11. System readings at set point 545 L/H on serial monitor
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Figure 12. System response at set point 545 L/H

In Figure 12 is the system response with a set point of 545 (L/H), which can be concluded Rise Time
(tr) = 2 seconds, Peak Time (tp) = 3 seconds, then Settling Time (ts) = 18 seconds with a tolerance in
accordance with the set point of 2.8% ~ 2.2% and Maximum Overshoot (Mp) = 17% then in Figure 13 is
the average power usage using the pulse width modulation method at a set point of 545 L/H of only 0.16
Watts.
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Figure 13. Pump power consumption at set point 545 L/H

At a set point of 545 L/H, testing is also carried out with a disturbance in the form of a valve closure
of 50%, the following system response when there is a disturbance in Figures 14 and 15. In Figures 14 and
15 when the valve is closed by 50%, there is a decrease in the actual discharge reading. This makes the
system experience a disturbance that affects the water discharge. In response to this disturbance, the system
will send an error signal to the controller. After receiving the error signal, the controller is then tasked with
adjusting the pump operation, which includes adjusting the voltage, current, and power, so that the actual
discharge returns to the predetermined set point of 545 L/H. The time required for the system to return to
stability, or Settling Time (ts) when given a disturbance in the form of valve closure by 50% at a set point
of 545 L/H, only takes 15 seconds. This is characterized by an increase in the power used by the pump so
that the discharge returns to the set point. Although there is an increase in power during the adjustment
process, the power increase is quite significant.

800 50 % valve closure
700 reopened
Disturbance of 50 % /\
600 g'\ Valve closure [ \\
- " \/\A A D AAA ALA AL A A, & A a o A
v v
= 500 I
=, \/
£ 400
o —Setpoint
£-300
O —Actual
@ 200
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100
0 JIIllIllIIHIIllllHIll!Vlll”lHllHlllllHllI|l”lIllIHIIUIHIIHHIIHI” TYTTTI T T T e v T I T e v T e v T T e T e T e e v T e e v T T T T e T v v T e e v v T oo
V595N ROV ORNLEROENOYNSINISIRENEONDNH VB RNH R
NN AITRHIRE K G S 07 2NN B B O QNN AV O AXIIXAE G ANE
Time (s)

Notes
*Settling time (ts) with 50 % valve closure disturbance= 15 s
*Settling time (ts) when 50 % valve closure reopened =20s

Figure 14. System response at set point 545 L/H with disturbance in the form of 50% valve closure
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Figure 15. Pump power utilization at 545 L/H set point system response with disturbance in the form of
50% valve closure

Then, after the system reaches stability in accordance with the set point, the valve that was previously
closed by 50% is then fully opened again. As a result, there is a spike in the actual discharge reading. The
system then detects this spike as an error signal. In response, the system sends another error signal to the
controller to adjust the pump operation. The time taken for the system to stabilize at the set point of 545
L/H after the valve is fully opened is approximately 20 seconds, characterized by a decrease in the power
used by the pump to return to the predetermined set point. This test shows the efficiency and responsiveness
of the system in maintaining the stability of the discharge according to the desired set point, despite the
disturbance in the valve setting. Then, the average power required during the test with a 50% valve closure
disturbance was only 0.28 Watts. This shows that the system is not only responsive but also efficient in
regulating power during the pump operational adjustment process to maintain the discharge at the desired
level.

3.2.3 678 L/H set point testing

The following Figure 16 is the result of the system response readings that have been processed from
the readings displayed on the serial monitor so that it becomes a system response graph for the 678 L/H set
point. The readings from the system will also be displayed on the serial monitor as shown in Figure 17
which is the result of the system reading at set point 678 L/H displayed on the serial monitor.

900

Mp =22%
800 [Th l
e 2.2%
700 T —— s
= 600 [ 1.8%
—1
= 500
=]
‘S 400
& |
o 300
a
200 ‘
100 )
0 H—— T T T T T T T T T T T T
g 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
:; Time (s) Notes :
[+ Rise time (tr) =1.8s
ts Peak time (tp) 2s
. Settling time (ts) =15s
—Setpomt —Actual Overshoot maximum (Mp) =22 %

Figure 16. Discussion of system response at set point 678 L/H
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In Figure 16, the system response with a set point of 678 (L/H), it can be concluded that the Rise
Time (tr) = 1.8 seconds, Peak Time (tp) = 2 seconds, then Settling Time (ts) = 15 seconds with a tolerance
in accordance with the set point of 2.2% ~ 1.8% and Maximum Overshoot (Mp) = 22% while in Figure 18
is the average power usage using the pulse width modulation method at a set point of 678 L/H of only 0.72

Watts.
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Figure 17. System readings at set point 678 L/H on serial monitor
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Figure 18. Pump power utilization at set point 678 L/H
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At a set point of 678 L/H, testing is also carried out with disturbance in the form of a 50% valve
closure, the following system response when there is a disturbance in Figures 19 and 20.
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Figure 19. System response at set point 678 L/H with disturbance in the form of 50% valve closure
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Figure 20. Pump power utilization at 678 L/H set point system response with disturbance in the form of 50% valve
closure

In Figures 19 and 20, when the valve is closed by 50%, there is a decrease in the actual discharge
reading. This makes the system experience a disturbance that affects the water discharge. In response to
this disturbance, the system will send an error signal to the controller. After receiving the error signal, the
controller is then tasked with adjusting the pump operation, which includes adjusting the voltage, current,
and power, so that the actual discharge returns to the predetermined set point of 678 L/H. The time required
for the system to return to stability, or Settling Time (ts) when given a disturbance in the form of valve
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closure by 50% at a set point of 678 L/H is 35 seconds. This is characterized by a significant increase in the
power used by the pump, this happens so that the discharge returns to the set point.

Then, after the system reaches stability in accordance with the set point, the valve which was
previously closed by 50% is then fully opened again which results in a spike in the actual discharge reading.
The system then detects this spike as an error signal. In response to the error signal, the system sends another
error signal to the controller to adjust the pump operation. The time required for the system to return to
stable at the set point of 678 L/H after the valve is fully opened is about 25 seconds marked by a significant
decrease in the power used by the pump, this significant decrease in power occurs so that the system returns
to the predetermined set point. This test shows the efficiency and responsiveness of the system in
maintaining the stability of the discharge according to the desired set point, despite the disturbance in the
valve setting. Then the average power required during the test with a 50% valve closure disturbance was
only 4.01 Watts. This shows that the system is not only responsive but also efficient in regulating power
during the pump operational adjustment process to maintain the discharge at the desired level.

3.2.4 824 L/H set point testing

The readings from the system will also be displayed on the serial monitor as shown in Figure 21
which is the result of the system reading at set point 824 L/H displayed on the serial monitor. Furthermore,
Figure 22 is the result of the system response readings that have been processed from the readings displayed
on the serial monitor so that it becomes a system response graph for the 824 L/H set point.
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_ Figure 21. System readings at setpoint 824 L/H on serial monitor
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Figure 22. System response at set point 824 L/H

In Figure 22 the system response with a set point of 824 (L/H), which can be concluded that Rise
Time (tr) = 1.5 seconds, Peak Time (tp) = 2 seconds, then Settling Time (ts) = 4 seconds with a tolerance
in accordance with the set point of 1.9% ~ 1.3% and Maximum Overshoot (Mp) is only 8%. In Figure 23
is the average power usage using the pulse width modulation method at a set point of 824 L/H of only 2.01

Watts.
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Figure 23. Pump power utilization at set point 824 L/H

Then, at a set point of 824 L/H, testing is also carried out with a disturbance in the form of a 50%
valve closure, the following system response when there is a disturbance in Figures 24 and 25.
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Figure 24. System response at set point 824 L/H with disturbance in the form of 50% valve closure
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Figure 25. Pump power utilization at 824 L/H set point system response with disturbance in the form of
50% valve closure

In Figures 24 and 25, when the valve is closed by 50%, there is a decrease in the actual debit reading.
This indicates that the system is experiencing a disturbance that affects the water discharge. In response to
this disturbance, the system will send an error signal to the controller. After receiving the error signal, the
controller is then tasked with adjusting the pump operation, which includes adjusting the voltage, current,
and power, so that the actual discharge returns to the predetermined set point of 824 L/H. The time required
for the system to stabilize at the set point of 824 L/H, or Settling Time (ts) when given a disturbance in the
form of valve closure by 50% only takes 35 seconds. This is characterized by an increase in the power used
by the pump to bring the discharge back in line with the set point. The increase in power during the
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adjustment process is very significant. This is because the discharge of 824 L/H requires relatively high
power.

Furthermore, after the system reaches stability in accordance with the set point, the valve that was
previously closed by 50% is then fully opened again. As a result, there is a spike in the actual discharge
reading. The system then detects this spike as an error signal. In response, the system sends another error
signal to the controller to adjust the pump operation. The time taken for the system to stabilize at the set
point of 824 L/H after the valve was fully opened was approximately 17 seconds, characterized by a gradual
decrease in the power used by the pump to return to the predetermined set point. This test process shows
the efficiency and responsiveness of the system in maintaining the stability of the discharge according to
the desired set point, despite the disturbance of the valve settings. The average power required during the
test with a 50% valve closure interruption at a set point of 824 L/H was only 7.85 Watts. This shows that
the system is not only responsive but also efficient in regulating power during the pump operational
adjustment process to maintain the discharge at the desired level. So that from the tests carried out on 4 set
points, namely 290, 545, 678, and 824 L/H, it produces conclusions that include the system response and
the average operational use of the pump (voltage, current, and power) as presented in Table 2 which is a
table of conclusions from system testing using pulse width modulation.

Table 2. Conclusion of system testing using pulse width modulation

Setpoint
Parameter 200L/H  545L/H  678L/H 824 L/H
Rise time or tr (s) 6.5 2 1.8 1.5
Peak time or tp (s) 7 3 2 2
Settling time or ts (S) 20 18 15 4
Maximum overshoot or Mp (%) 33 17 22 8
Average voltage (v) 2.70 3.82 4.73 6.16
Average flow (a) 0.10 0.04 0.15 0.33
Average power (Watts) 0.26 0.16 0.72 2.01

3.3 Comparison results of systems that do not use pulse width modulation with systems that use pulse width
modulation

Furthermore, this sub chapter will present the results and analysis of the comparison between the
system that does not use pulse width modulation and the system that uses pulse width modulation. The
focus of this discussion is on the efficiency of the power used for 12 VVpc pump operations. More fully and
clearly will be shown in Table 3 regarding the comparison between systems that do not use pulse width
modulation with systems that use pulse width modulation. from starting the average use of voltage, average
use of current, average power to the comparison of power efficiency at 4 types of set points namely 290
L/H, 545 L/H, 676 L/H, and 824 L/H.

Table 3. Comparison of system without PWM with system using PWM

Without PWM With PWM Power
Set point Average Average Efficiency
(V) (A) (W) (V) (A) (W) (%0)

290 12.00 2.00 24.00 2.70 0.10 0.26 98.93
545 12.00 2.14 25.68 3.82 0.04 0.15 99.39
676 12.00 2.24 26.88 4.73 0.15 0.72 97.34
824 12.00 2.36 28.32 6.16 0.33 2.01 92.89
Average Power Efficiency 97.13

*V: Voltage, A: Ampere, W: Watt
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Therefore, it can be concluded that to be stable at a set point of 290 L/H only requires an average

power of 0.26 Watts, set point 545 L/H requires an average power of 0.16 Watts, set point 676 L/H requires
an average power of 0.72 Watts and at set point 824 L/H only 2.01 Watts. Figure 26 presents a comparison
image of the average power required between the system without PWM and the system using PWM.
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Figure 26. Power average comparison efficiency

Based on the test results and analyses presented in the form of graphical images in Figure 26, it is

noted that:

a.

At a set point of 290 L/H, the use of the pulse width modulation method resulted in an average power
consumption of 0.26 Watts, a very significant decrease when compared to the power consumption
without the use of PWM of 24 Watts. This shows the achievement of system power efficiency of
98.93%.

For a set point of 545 L/H, the average power required is only 0.16 Watts with the pulse width
modulation method, compared to 25.68 Watts without the use of the pulse width modulation method.
At this set point, the system power efficiency is 99.39%.

When the system is operated at a set point of 676 L/H, the average power consumption required is only
0.72 Watts with the use of the pulse width modulation method, while without the use of pulse width
modulation the power consumption is 26.88 Watts. This indicates that the system achieves a very
significant efficiency of 97.34%.

At a set point of 824 L/H, the system only requires an average power of 2.01 Watts using the pulse
width modulation method, compared to the system without the pulse width modulation method which
Is 28.32 Watts. At a set point of 824 L/H, the efficiency increase was recorded at 92.89%.

Therefore, from four different set points, the average efficiency is 97.13% compared to systems that

do not use the pulse width modulation method.

4 Conclusions

In designing a water pump control system using the pulse width modulation method using Arduino

UNO R3 as a controller, potentiometer as set point input, BTS7960 driver as a pump driver, water flow
sensor YF-S201 as feedback, equipped with a 0-25 Vpc voltage sensor and ACS712 5A current sensor then
12C 20x4 LCD is used as a display that displays several parameters such as set point discharge, actual
discharge, voltage, current, and pump operational power. The application of the Pulse width modulation
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method in controlling water discharge produces an effective effect in achieving the right discharge set point,
in this study 4 set points were tested, namely 290 L/H, 545 L/H, 676 L/H, and 824 L/H, using the pulse
width modulation method allows adaptive adjustment of the pump motor speed, and makes more efficient
use of power compared to systems that do not use pulse width modulation. The application of the Pulse
width modulation method greatly affects the power efficiency as in the 290 L/H set point which only
requires an average power of 0.26 Watts or 98.93% more efficiency than a system that does not use
pulse width modulation, at a set point of 545 L/H the average operational power is only 0.16 Watts or
99.39% more efficiency than a system that does not use pulse width modulation, then at a set point of 676
L/H requires an average power of 0.72 Watts or 97.34% more efficient than a system that does not use pulse
width modulation, while at set point 824 L/H the average power is 2.01 Watts or 92.89% more efficient
than a system that does not use pulse width modulation. Therefore, from the 4 set points, if they are
averaged, then the efficiency is 97.13% compared to the system without using PWM.
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