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The electric motor has the function is converting electrical energy
into mechanical energy. Based on supply, the electric motor is
divided into two kinds of supply that are alternating current and
direct current. The universal motor is an alternating current motor,
the construction, and characteristics of a universal motor are the
same as a direct current motor. Fuzzy Logic Controller is combined
with AC Chopper circuit as a universal motor driver to control the
motor universal speed at the stability of 1000 RPM and uses LM393
Optical Encoder sensor that will give a feedback signal to the fuzzy
system as input. This research purpose is to implement AC Chopper
as a universal motor driver to get more stable speed control
combined with Fuzzy Logic Controller as feedback. In this study, the
author uses the experimental method. With variable control are
setpoint at 50% duty cycle and 1000 RPM speed reference of motor
universal. Which is using 10 types of duty cycle values to get the
average of driver efficiency and then using 2 kinds of load conditions
for the controller test. The result of the driver test is to get speed
control while without load condition has a period of 3 – 5 seconds to
reach 1000 RPM. Then, when the load shedding condition has an
overshoot value of up to 1193.33 RPM and reaches 1000 RPM in the
range of 2 - 3 seconds. In this study, got the result of average driver
efficiency is 85.41%.
Keywords: Speed Control, AC Chopper, Driver, Motor Universal,
Fuzzy Logic Controller

1. INTRODUCTION

Universal motors are mostly used and have controlling devices that function to control the speed of the universal
motor [1-4]. AC Chopper is a circuit that is used to convert a fixed AC voltage input source into an AC voltage
output source that can be controlled or regulated [5]. Power semiconductor components used like SCR, transistors,
and MOSFETs that operate as a regulator [6]. The universal motor needs a controller with good efficiency as a
speed controller. The sensor is needed on the motor whose output is the feedback to determine the universal motor
actual speed produced for a good controller [7-8]. A fuzzy logic controller is one commonly used for feedback
control methods. In this case, the Fuzzy control method was chosen to get a good motor speed control. With
LM393 optical encoder sensor as feedback to motor driver that will read resulting motor speed and will be adjusted
by the fuzzy logic controller by mapping a specified input to output [9 – 11].
This study aims to design and implement a basic and synchronous AC chopper circuit using MATLAB
software to produce voltage intercepts based on the ignition angle as well as a dimmer circuit. Using four rectifier
diodes connected to an IGBT for a basic AC chopper circuit that does not affect the resulting frequency [12].
However, previous research is just focused on producing intercept voltage using IGBT as well as a dimmer circuit
without a closed-loop control system[13]. Whereas research in the design of AC-AC chopper as a universal motor
driver based on fuzzy logic controller, using MOSFET as a signal trigger and implementing it for a universal
motor driver and adding fuzzy logic as feedback with close loop controller system to make motor speed remain
stable [14 – 16]. This research is the implementation of speed control of universal motor which has unstable speed
while on loaded and load shedding condition.
The author uses an experimental method in this study, with three kinds of variables that are independent,
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dependent, and variable control. Voltage input and change of duty cycle are independent variables that will affect
dependent variables like voltage output and actual speed. Then using setpoint at speed and duty cycle as a variable
control. With a specified parameter, it can be the basis to conduct speed testing for the universal motor.
2. DESIGN SYSTEM
2.1 Block System

This research is a combination of an AC chopper as the main device, a universal motor as a controlled device, a
fuzzy logic controller as a close-loop controller, an LM393 optical encoder sensor as a speed sensor, and Arduino
Uno as a microcontroller which is processing place for fuzzy logic controller based on sensor data.

Figure 1: Block system design.

The system can start by giving a reference speed to the fuzzy program used, FLC will affect the duty
cycle value of the AC chopper. It will then affect change in voltage which affects speed change. The speed sensor
will read the actual speed of the motor which will be sent back to the Arduino Uno microcontroller.
2.2 AC Chopper

AC Chopper circuit in Figure 2 which will be a universal motor driver has speed control which is affected by the
output voltage of the AC Chopper [15]. It becomes a universal motor input voltage. The output voltage will be
affected by PWM with the MOSFET gate which voltage has been increased with the Bootstrap MOSFET.

Figure 2: Basis AC chopper circuit.

AC chopper circuit consists of four rectifier diodes with a type of Ultra-Fast Recovery Diodes HER307
which has a maximum voltage of 700 V and maximum current of 3 A and one IRF730 MOSFET with maximum
VDS of 400 V and VGS 15 V as PWM signal switching which will regulate the output voltage. It will be connected
directly to a 220 V AC source and the universal motor load is a permanent magnet Synchron generator.
2.3 Fuzzy Logic Controller

In this Fuzzy Logic control, a fuzzy model used is closed-loop control. Clearer blocks of control used, can be seen
in Figure 3.
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Figure 3: Controller diagram block.

Input from FLC (Fuzzy Logic Controller) system is the actual speed and speed reference of the universal
motor which is processed with Equation 1 to get the Error value and Equation 2 to get the Deltaerror value [11].
The membership input function in this control is shown in Figure 4. Whereas for output of this system is a PWM
signal to control the MOSFET gate [17]. The membership output function is shown in Figure 4 with the actual
system output control value obtained by Equation 3 and the rule used is shown in Table 1.
𝐸𝑟𝑟𝑜𝑟 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑝𝑒𝑒𝑑 − 𝑆𝑝𝑒𝑒𝑑 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
(1)
𝐷𝑒𝑟𝑟𝑜𝑟 = 𝐸𝑟𝑟𝑜𝑟 (𝑛) − 𝐸𝑟𝑟𝑜𝑟 (𝑛 − 1)
(2)
Where:
Error

= error

Derror
Error (n)
Error (n-1)

= delta error
= error in n time
= error in n-1 time

Figure 4: Error and derror membership input function

Figure 5: Membership output function.
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Membership functions on FLC input and output are divided into 3, N (Negative), Z (Zero), and P
(Positive). From 2 inputs and an output, 9 rules will determine the addition or reduction of the duty cycle to
achieve a stable motor speed at 1000 RPM.
Table 1: Rule of fuzzy logic controller
N

Z

P

N

P

P

N

Z

P

Z

N

P

P

N

N

𝑃𝑊𝑀 = 𝑃𝑊𝑀 (𝐹𝑢𝑧𝑧𝑦) × 255

(3)

Where
N = negative
Z = zero
P = positive
3. METHOD

Researchers used experimental methods with the initial step of determining the independent variable, dependent
variable, and control variable for the testing that the control work well. The researcher used the input voltage of
the driver and duty cycle as an independent variable, the output voltage and actual speed of the motor as a
dependent variable, and reference speed (setpoint) as a control variable. Researchers carried out two kinds of
testing scenarios, efficiency, fuzzy control with load, and without load conditions.
3.1 Scenario 1

The first scenario is to input 10 different types of independent variables with the condition of a motor being loaded
with a permanent magnet Synchron generator.
START

Input Dutycycle Value

Count Pin and Pout

Count Efficiency η

END

Figure 6: Scheme of scenario 1.
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The scheme of scenario 1 starts with 10 kinds of duty cycle values. From 52% to 71% duty cycle to get
efficiency value with equation (4) and equation (5) to get average of efficiency.
3.2 Scenario 2

The second scenario is a test of fuzzy control. The test was conducted when the motor was without load and given
a permanent magnet Synchron generator as a load, both of which started at speed of 0 RPM (scenario 2a). Then
the test was carried out with a load of 2 15W / 220V AC lamps with load giving and load shedding scenarios.
Both have a 1000 RPM variable control.
START

Setpoint 50% Dutycycle and
Speed Reference at 1000 RPM

Real Actual Spees (RPM)

Fuzzy Logic Controller

Chage of
Duty cycle

Figure 7: Scheme of scenario 2.

In this scenario, used a 50% duty cycle and set speed reference 1000 RPM as a set point. Then while loaded
or under load shedding conditions, the speed sensor sends the actual speed reading to Arduino as feedback. The
fuzzy Logic Controller will have the resulted output as a change of duty cycle. This algorithm work in a close
loop system.
4. RESULT AND DISCUSSION

By carrying out the test by what has been stated in the Method section, the results of 2 test scenarios are obtained
as follows:
4.1 Scenario 1

This test uses 10 different types of duty cycle variables with an input voltage of 63.57 VAC and gets the efficiency
value calculated by Equation (4) and the average efficiency got from the calculation of Equation (5).
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Figure 8: Efficiency of universal motor driver.

𝜂(%) =

𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

× 100 %

(4)

Where :
η

= efficiency (%)

Pout

= power ouput (W)

Pin

= power input (W)

Then average efficiency is obtained from:
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 . 𝑜𝑓 . 𝜂 (%) =

∑ 𝜂 (%)
∑𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑑𝑢𝑡𝑦 𝑐𝑦𝑐𝑙𝑒

=

854.12
10

= 85.41 %

(5)

From the efficiency test, the average efficiency value is 85.41%. These results prove that an AC chopper
can be good voltage control as a universal motor driver with good efficiency.
4.2 Scenario 2

Scenario two is performed without load and loaded conditions. This test uses a 50% duty cycle as a setpoint. The
load that the research used is a permanent magnet Synchron generator (scenario 2a) and two 15W /220VAC lamps
connected to generator output (scenario 2b). When scenario 2b, without load condition setpoint, is when lamp 1
is on and lamp 2 is off. While the condition is loaded when both lights are on. In figure 9, activating lamp 2 means
giving a load, and deactivating lamp 2 means load shedding. From the two scenarios, the following results were
obtained.
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4.2.1 Scenario 2a

Set Point

without Fuzzy

Fuzzy Logic Controller

1600
1400

Speed (RPM)

1200
1000
800
600
400

200
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Time (s)

Figure 9: Speed testing without load condition.

In Figure 9, when using FLC, universal motor speed from 0 RPM to the 1000 RPM setpoint is obtained in 13
seconds and then stabilizes at 1000 RPM. Whereas when without FLC the motor speed is unstable at 1000 RPM
even though it uses the same voltage value at the motor driver input.

Set Point

without Fuzzy

Fuzzy Logic Controller

1400
1200

Speed (RPM)

1000
800
600
400
200
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Time (s)

Figure 10: Speed testing loaded condition.

When a loaded condition is a permanent magnet Synchron generator, the time for the motor to reach 1000
RPM is 15 seconds and then it is stable. Figure 10 also shows that the universal motor speed has a smaller
overshoot value than without load conditions.
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4.2.2 Scenario 2b

This test is performed with a motor speed setpoint of 1000 RPM and a 50% duty cycle when the first lamp is on
and the second is off. Arduino program used delay is 500 ms, which means that every one second represents 2
data displayed on the serial monitor.
Set Point

Speed (RPM)

1400
1200

Speed (RPM)

1000
800
600
400
200

0
2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77 80 83

Time (S)

Figure 11 : Speed testing results by raising the setpoint while loaded and load shedding conditions.

Load giving and shedding is carried out five times. The lowest drop speed was obtained at the third load
at 753.33 RPM, while the highest overshoot speed was obtained at the second load release at 1193.33 RPM. With
highest duty cycle was 66% and the lowest was 48%. In scenario 2b, the time needed to reach a set point when
given a load is 4 seconds, while to reach a set point when load shedding is 2 seconds.
In Scenario 2, the FLC function is to change voltage value to make universal motor speed stable at 1000
RPM through a change in duty cycle as an output of FLC. The addition of a duty cycle occurs when the actual
speed is less than 1000 RPM, and the duty cycle will not change if the actual speed is in the 1000 RPM range, and
if the actual speed exceeds 1000 RPM, a reduction in duty cycle will be carried out. There are two types of duty
cycle changes mentioned that will loop until the actual speed is in the 1000 RPM range.
5. CONCLUSIONs

From the analysis and test results of the research, conclusions can be given that a universal motor driver designed
using AC Chopper has a speed control through the duty cycle value of PWM which has an average voltage cut of
17.74 V and has a fuzzy design that functions as feedback which will result in the addition or reduction of duty
cycles with a range of 7% - 94%. AC Chopper basic which is designed as a universal motor driver with fuzzy
logic controller feedback control has an average efficiency value of 86.96%. Results of universal motor speed
control when loaded conditions have a period of 3 - 5 seconds to reach 1000 RPM, while when the load shedding
conditions have an overshoot value of up to 1193.33 RPM but can reach 1000 RPM in a range of 2 - 3 seconds.
6. REFERENCES

[1]

KUNDU, S., CHATTERJEE, D., CHAKRABATY, K., “Control of chaotic advection for mixing system
using universal motor,” IET Electr. Power Appl., vol. 14, no. 9, pp. 1519–1531, 2020, doi: 10.1049/ietepa.2019.0831.

[2]

NAYAK, D.S., SWAMY, R.S., “Loss and efficiency analysis of universal motor used in mixer grinder by
mathematical modelling,” Proc. - 2018 IEEE Int. Conf. Autom. Control Intell. Syst. I2CACIS 2018, pp. 105–
110, 2019, doi: 10.1109/I2CACIS.2018.8603693.

[3]

QI, H., LING, L., JICHAO, C., WEI, X., “Design and research of deep slot universal motor for electric

54

Widjonarko, Andi Setiawan, Ardhiansyah F. Ilhami; Rekayasa Mesin, v. 13, n. 1, pp. xx – xx, 2022.

power tools,” J. Power Electron., vol. 20, no. 6, pp. 1604–1615, 2020, doi: 10.1007/s43236-020-00131-6.
XHELADINI, L., TAP, A., ASAN, T., YILMAZ, M., ERGENE, L.T., “Permanent Magnet Synhronous
Motor and Universal Motor comparison for washing machine application,” 2017 11th IEEE Int. Conf.
Compat. Power Electron. Power Eng. CPE-POWERENG 2017, pp. 381–386, 2017, doi:
10.1109/CPE.2017.7915201.
[5] DERAZ, S.A., AZAZI, H.Z., “Current limiting soft starter for three phase induction motor drive system
using PWM AC chopper,” IET Power Electron., vol. 10, no. 11, pp. 1298–1306, 2017, doi: 10.1049/ietpel.2016.0762.
[6] PUREKAR, R., MURALI, M., JOSHI, R., “A Cost Effective Approach Towards Development of a Smart
Lighting System,” Proc. - 2018 4th Int. Conf. Comput. Commun. Control Autom. ICCUBEA 2018, pp. 1–4,
2018, doi: 10.1109/ICCUBEA.2018.8697218.
[7] AHMED, H.F., EL MOURSI, M.S., CHA, H., AL HOSANI, K., ZAHAWI, B., “A Reliable Single-Phase
Bipolar Buck-Boost Direct PWM AC-AC Converter with Continuous Input/Output Currents,” IEEE Trans.
Ind. Electron., vol. 67, no. 12, pp. 10253–10265, 2020, doi: 10.1109/TIE.2019.2958290.
[8] WANG, Y., et al., “An Improved Bipolar-Type AC-AC Converter Topology Based on Nondifferential DualBuck PWM AC Choppers,” IEEE Trans. Power Electron., vol. 36, no. 4, pp. 4052–4065, 2021, doi:
10.1109/TPEL.2020.3022026.
[9] HIMAWAN, H.M., SETYAWATI, O., SUYONO, H., “Pemodelan Fuzzy Logic Control untuk Pengendali
PWM pada Buck Converter,” J. Nas. Tek. Elektro dan Teknol. Inf., vol. 5, no. 1, 2016, doi:
10.22146/jnteti.v5i1.181.
[10] PRIBADI, W., PRASETYO, Y., “Sistem Kontrol Motor Dc Brushless Dengan Fix Frequency Hybrid Fuzzy
Logic Controller,” JEECAE (Journal Electr. Electron. Control. Automot. Eng., vol. 4, no. 2, pp. 269–272,
2019, doi: 10.32486/jeecae.v4i2.361.
[11] WIDJONARKO, SOENOKO, R., WAHYUDI, S., SISWANTO, E. , “Design of Air Motor Speed Control
System for Small Scale Compressed Air Energy Storage Using Fuzzy Logic,” IOP Conf. Ser. Mater. Sci.
Eng., vol. 494, no. 1, 2019, doi: 10.1088/1757-899X/494/1/012025.
[4]

[12] KUMAR, P.S., MAHENDAR, B., SHRUTHI, M., “Design and Implementation of AC Chopper,” Int. J.
Emerg. Eng. Res. Technol., vol. 2, no. 1, pp. 36–41, 2014, [Online]. Available: www.ijeert.org
[13] THET, L.M., KUMAR, A., XAVIER, N., PANDA, S.K., “A smart lighting system using wireless sensor
actuator network,” 2017 Intell. Syst. Conf. IntelliSys 2017, vol. 2018-Janua, no. September, pp. 217–220,
2018, doi: 10.1109/IntelliSys.2017.8324294.
[14] JAYA, A., PURWANTO, E., FAUZIAH, M.B., MURDIANTO, F.D., PRABOWO, G., RUSLI, M.R.
“Design of PID-fuzzy for speed control of brushless DC motor in dynamic electric vehicle to improve
steady-state performance,” Proc. IES-ETA 2017 - Int. Electron. Symp. Eng. Technol. Appl., vol. 2017Decem, pp. 179–184, 2017, doi: 10.1109/ELECSYM.2017.8240399.
[15] RAJAGIRI, A.K., RANI, S.MN, NAWAZ, S.S., KUMAR, S.T., “Speed control of DC motor using fuzzy
logic controller by PCI 6221 with MATLAB,” E3S Web Conf., vol. 87, no. 201 9, pp. 1–6, 2019, doi:
10.1051/e3sconf/20198701004.
[16] ALMATHEEL, Y.A., ABDELRAHMAN, A., “Speed control of DC motor using Fuzzy Logic Controller,”
Proc. - 2017 Int. Conf. Commun. Control. Comput. Electron. Eng. ICCCCEE 2017, 2017, doi:
10.1109/ICCCCEE.2017.7867673.
[17] UTOMO, S.B., AGUNG, M., SUMARDI, S., “Perancangan sistem pengaturan suhu pada mesin sangrai
kopi berbasis logika fuzzy,” J. Rekayasa Mesin, vol. 6, no. 2, pp. 107–110, 2015.

55

