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  ABSTRACT 

  
DC motor utilization is obtained in various of industrial activities and non- industrial 
activities. The utilization of DC motors in various purposes, it is necessary to control a 
velocity of the DC motor in accordance with a required velocity and this control can be 
conducted through a power converter. In this study, the utilization of DC chopper for 
velocity control of DC motor through Fuzzy logic controller proportional integral (FLC-
PI) method for electric rail train is developed. The FLC-PI supports to achieve an 
adaptive controller. It has been adapted to achieve a good performance for auto tuning 
PI controller. The development process is conducted through simulation work with 
Matlab software. This study compares the performance between the system with PI 
control and FLC-PI control. The results of this study obtained the comparison between 
the PI and FLC-PI performances for the system without load are 1.06% and 0% 
overshoots respectively. In other to the comparison between the PI and FLC-PI 
performances for the system with load of 100 Nm are 0.5% and 0% overshoots 
respectively. And when the comparison between the PI and FLC-PI performances for 
the system with load of 200 Nm are 0.27% and 0% overshoots respectively. Thus, FLC-
PI has shown more better performance than PI control. 

Keywords: 

DC motor; DC chopper; Fuzzy logic 
controller proportional integral (FLC-PI) 

 
1. Introduction 
 

Electric railway train (KRL) is a fleet for transporting train-type passengers with an energy source 
using electric power [1, 2]. The operational and driving process of KRL is independent and does not 
require a locomotive as a puller. KRL is a train that moves based on an electrification system. The 
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electrification system on the KRL flows electrical energy to the train locomotive and several other 
carriage units so that the train can run [3, 4]. KRL is a means of railroad that has its own drive in the 
form of motor traction. Motor traction is installed on each axle through a gear box on a motor car 
(MC) train using an electric power source [5, 6]. The electrical power needed by the KRL comes from 
a traction substation using a conductor wire that runs at the top along the KRL route. The electrical 
power source on the upper track of the KRL is called the catenary system or overhead catenary 
system [6]. To channel the power source to KRL, a device called pantograph is used. Pantograph is 
used as a KRL electricity flow to the converter which is connected to the traction motor so that KRL 
can move. KRL uses a voltage source of 1500 VDC as a working voltage with a supply from PLN of 20 
KVAC which will then undergo several processes to DC working voltage [5]. 

The catenary system is a transmission medium for distributing voltage from the traction 
substation to the KRL. The electrification of the KRL line uses DC voltage, the preference for DC 
motors is based on safety, efficiency, and economic benefits. The pantograph, overhead catenary 
system is the main system in track electrification. The catenary is at the top center of the track and 
the pantograph is mounted on the roof of the train [1]. 

In the early development of KRL, DC motors were predominantly used because they could be 
easily adjusted. The classic way of regulating DC motors on KRL is by limiting the voltage entering the 
DC motor using a rheostat so that the velocity of the DC motor can be adjusted [7, 8]. Low efficiency 
due to rheostat and the development of static switch technology (thyristor) resulted in this method 
no longer being used. 

Currently, to regulate the DC voltage on the KRL DC motor, a DC-DC converter or often called a 
DC chopper is used as shown in Figure 1 [9-11]. With DC-DC converters, voltage regulation is easier, 
and efficiency will be better. The use of DC-DC converters began in the 70s of KRL [12-14]. In DC-DC, 
commutators, brushes, and split rings are something that must exist. Unfortunately, many ground 
faults occur when the commutator contacts the brushes at high rotational velocities. This is one of 
the reasons for using AC motors in KRL [15]. Block diagram of DC motor armature control system is 
shown in Figure 2. 

 

 
Fig. 1. DC motor drive system 

 

 
Fig. 2. Block diagram of DC motor armature control system 
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DC motor is one type of motor whose application is relatively easy; therefore, DC motors are 
often used in various types of activities [16-18]. DC motors have two main terminals, namely input 
terminals and output terminals that require direct current voltage to be able to drive them [19, 20]. 
To fulfill these various needs, of course, it is necessary to control the velocity of the DC motor in 
accordance with the required velocity [21, 22]. A velocity of the DC motor can be adjusted by 
increasing and decreasing the amount of field current or armature current coming from the motor 
and controlling this current can be conducted through a power converter, namely by adjusting the 
voltage on the DC motor [23, 24]. Power converters commonly used in DC motor velocity control 
include DC chopper and controlled rectifier. In this study only focuses on the use of DC chopper, 
which is a device that functions to convert DC voltage into DC voltage that can be changed (variable). 
DC to DC Converter or commonly referred to as DC chopper is used mainly in providing DC output 
voltage whose magnitude varies according to the load used [23]. 

The input power from the DC source is obtained from the traction substation through the 
overhead catenary which has a constant input voltage (fixed) [25, 26]. To get the desired DC output 
voltage, one way is to adjust the length of time between the input side and the output side in the 
same circuit [27, 28]. In this study, a DC chopper is proposed to control the velocity of DC motor by 
using the Proportional Integral (PI) method which is automatically tuned with a Fuzzy Logic Controller 
(FLC) on an electric rail train.  This study is conducted by simulation work through Simulink MATLAB. 
The PI control method is designed to be able to fix the error value that is usually found between the 
predetermined set point value and the feedback value [16]. The combination of proportional and 
integral controllers is useful to accelerate the reaction that works on a system and eliminate the 
possibility of steady errors (offset) [15]. 

However, there are weaknesses in the PI control system. The weakness is that the tuning of the 
P and I parameter values is still conducted manually. Therefore, an automatic tuning system for PI 
control is needed. In this study, a fuzzy control system is developed for automatic tuning of PI control. 
Fuzzy logic control (FLC) systems can be used to control a process even though the system does not 
have a mathematical model [29-31]. Another advantage of fuzzy controllers is that they can be easily 
tuned by users for tunning automatically [32, 33]. In this study, a control system is developed for four 
DC motors assembled in series. Another work proposed sensor less control is to improve velocity 
control performance and robustness of synchronous motor drive under load variations with FLC [32]. 
The PI and adaptive neuro-fuzzy inference system (ANFIS) controllers were designed and compared 
for BLDC motor in electric vehicles applications [33]. 

This study develops an FLC-PI to control the velocity of four DC motors that assembled with series. 
Refers to the previous studies a few conducted on FLC for only a DC motor. Compared to the previous 
studies, this study has challenges on controlling DC motors with FLC-PI control. The FLC control in this 
study tuned the PI parameters. Also, this study has the contribution compared to the previous studies 
that this study is the testing of DC motor control systems without and with various loads. This study 
conducted performances comparison with and without load for four DC motor for representing to 
the real experimental work for DC motors control to drive an Electric Rail Trains. The loads on DC 
motors of Electric Rail Trains consist of without load, lower load, till to the highest load. Assembling 
the four DC motors with series circuits also the challenges of this study compared to the previous 
studies.  
 
 
 
 
2. Methodology  
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2.1 DC Motor Velocity Controller Circuit Configuration 
 

DC motor armature control system presets in Figure 2. The transfer function of DC motor can be 
seen on Eq. (1).  

 
𝜔(𝑠)

𝑒𝑎(𝑠)
=

𝐾𝑇

(𝐿𝑎 ∗ 𝑠 + 𝑅𝑎)(𝐽 ∗ 𝑠 + 𝐵) + 𝐾𝑇 ∗ 𝐾𝑏
 

(1) 

 
The control system or direct motor velocity controller using a Proportional Integral (PI) control 

method based on the DC chopper circuit proposed in this study was assessed through MATLAB 
Simulink simulation with the model as shown in Figure 3. This simulation uses four DC motors with a 
separate amplifier of 375 VDC as a load with a series circuit. Figure 3 describes a direct motor control 
system with a DC chopper that is given a voltage sensor, current sensor, velocity sensor, and a scope 
that serves to display the results of running simulations.  

Figure 3 presents the DC-DC converters supplying the drive power therefore may be unregulated 
types if the input to the DC-DCs is nominally constant. Unlike most applications for DC-DCs however, 
the load is quite constant when the IGBT is switching at any duty cycle. Alternatively, the load is close 
to zero when the IGBT is not switching. Simple DC-DCs often need a minimum load otherwise their 
output voltages can dramatically increase, possibly up to the gate breakdown level. This high voltage 
is stored on the positive bulk capacitor so that when the IGBT starts to switch, it could see a gate 
overvoltage until the level drops under normal load. A DC-DC should be chosen therefore that has 
clamped output voltages or zero minimum load requirements. IGBTs should not be actively driven by 
PWM signals until the drive circuit voltage rails are at correct values. However, as gate drive DC-DCs 
are powered up or down, a transient condition might exist where IGBTs could be driven on, even with 
the PWM signal inactive, leading to shoot-through and damage. The DC-DC should therefore be well 
behaved with short and monotonic rise and fall times. A primary referenced on-off control can enable 
sequencing of power-up of the DC-DCs in a bridge reducing the risk of shoot-through. 
 

 
Fig. 3. DC Chopper circuit with four series DC motor 

 
DC chopper is commonly called a traction inverter. The DC chopper has a function to rotate or 

drive a traction motor. DC chopper works by converting DC voltage into DC voltage that can be 
controlled. In this study, the DC chopper scheme used consists of Insulated Gate Bipolar Transistor 
(IGBT), diode, and inductor. Based on the operating system on electric rail trains, the input power 
source is obtained from the traction substation which is channeled through the overhead catenary 
system. Then the DC source is channeled again through the pantograph which then the input voltage 
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will be adjusted. This input voltage regulation (DC to DC) is controlled by a DC chopper control circuit 
as shown in Figure 3. Table 1 presents the DC motor specifications for this study. 

 
Table 1 
The DC motor specifications 
Symbol Parameter Value Unit 

Ra Armature resistance 0.5 ohms 
La Armature inductance 0.01 H 
Rf Field resistance 75 ohms 
Lf Field inductance 0.02 H 
Laf Field armature mutual inductance 0.2641 H 
J Total inertia 0.4 kg.m^2 
Bm Viscous friction coefficient 0.02516 N.m.s 
Tf Coulomb friction toruque 2.646 N.m 
v Initial speed 1 rad/s 

 
2.2 PI Controller (Ziegler- Nichols Method) 

 
PI control has been implemented on the DC motor velocity. PI controller is mainly to improve an 

appropriate proportional gain (𝐾𝑝) and integral gain (𝐾𝑖) fo achieving the optimal control 

performance. The relationship between the output 𝑢(𝑡) and input 𝑒(𝑡) can be formulated on Eq. (2). 
 

u(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝑡) 𝑑𝑡
𝑡

0

 
(2) 

                                                                                                                         
Figure 4 explains the block diagram of the Proportional Integral control system used in this study.    

Ziegler- Nichols is a type of continuous cycling method for controller tuning. Furthermore, the PI 
control system will be tuned automatically using a Fuzzy Logic Controller (FLC). 

 

 
Fig. 4. PI control block diagram 

 
PI controller control is a standard control commonly used to check if there is an error between 

the measurement value obtained and the deviation. The PI control method is designed to be able to 
fix the error value that is usually found between the predetermined set point value and the feedback 
value. The combination of Proportional and Integral controllers is useful for accelerating the reaction 
that works on a system and eliminating the possibility of steady errors (offset). A PI control that 
conveys control action proportional (equivalent) to the total error will have a positive effect in 
reducing the error, but the opposite will cause a worse transient response. 

Figure 5 is the PI control circuit used in this DC chopper-based DC motor velocity controller circuit 
configuration. 
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Fig. 5. PI controller circuit for DC chopper 

 
Difficulty in tuning these parameters will be encountered if the plant is being controlled with a 

complex system. Therefore, a better PI tuning method is necessary that can be applied in four DC 
motors with serries circuits. The PI tuning method with fuzzy logic controller can be conducted in this 
study and called FLC-PI. In this method the values of Kp and Ki are determined based on number of 
rules determined by FLC. FLC input in the form of error and delta error. The FLC-Pi method was able 
to produce results output response with faster rise time, small steady-state error, and small 
overshoot. 

In electric rail trains, DC motors are predominantly used because they are easy to set up. The 
classic way to regulate a DC motor electric rail train is to limit the input voltage of the DC motor. In 
this study, a switching used is IGBT in order to the velocity of the DC motor can be controlled. To 
control the DC voltage on the DC motor of electric rail trains, used a DC Chopper as a DC-DC converter. 
DC Chopper is a converter whose function is to change DC to DC voltages by changing the magnitude 
of the DC voltage. With a DC-DC converter, voltage regulation is easier and more efficient. 

 
2.3 Fuzzy Logic Controller-Proportional Integral Control Design 

 
FLC input in the form of error and delta error. Error and delta error can be formulated on Eq. (3). 
 

𝑑𝑒 = 𝑒(𝑡) − 𝑒(𝑡 − 1) (3) 
                        
FLC control design begins with the step of determining the membership function for the input 

and output circuits. In this study, the method used in the design of FLC is Sugeno method. The 
difference between Sugeno's method and other methods is the output value in the form of variable 
quantities, not in the form of membership functions. FLC design is conducted through several steps. 
These steps consist of (1) determination of fuzzification, (2) membership function grouping for input 
and output, (3) determination of rules used, and (4) determination of defuzzification.  

The input for the Self-tuning FLC-PI controller is error e(t) and change of error de(t) as taken in 
Eq. (3). Through FLC-PI controller rules on-line, the PI parameters will be adjusted. The gains 
parameters 𝐾𝑝 and 𝐾𝑖 are finalized and optimized automatically. It composes a self-tuning FLC-PI 

controller, the block diagram of FLC-Pi controller can be seen in Figure 6. 
 

 
Fig. 6. The schematic of self-tuning FLC-PI controller 
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FLC supports an auto tuning of PI control can be seen at Figure 7. It provides better performance 
compared to standalone PI or FLC.  Simple rule base is applied for FLC while FLC-PI uses different rule 
base for proportional and integral gains to improve response faster.  

 

 
Fig. 7. FLC-PI controller for DC motor based on DC chopper 

 
The initial process carried out is the determination of fuzzification. Fuzzification in question is the 

grouping of input and output value parameters so that they are more varied. The fuzzification process 
of the input and output circuits can be seen in Figure 8. 

 

 
Fig. 8. FLC-PI design 

 
For the input circuit consists of two types, namely error (e) and delta error (de). Meanwhile, the 

output circuit consists of proportional constants (𝐾𝑝) and integral constants (𝐾𝑖). The input circuit 

with membership function design for variable error consists of five membership functions. The 
division of membership functions for input on variable error can be seen in Figure 9. While the input 
circuit with membership function design for variable delta error consists of three membership 
functions. The division of membership functions for input on the delta error variable can be seen in 
Figure 10. 

 

  
Fig. 9. MF design on error Fig. 10. MF design on delta error 

 
Figure 9 shows that the input with variable error consists of five membership functions namely 

NB (Negative Big), NS (Negative Small), Z (Zero), PS (Positive Small), and PB (Positive Big). While Figure 
10 shows that the input with the delta error variable consists of three membership functions namely 
N (Negative), Z (Zero), and P (Positive). 
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As for the output circuit consists of two types, namely 𝐾𝑝 and 𝐾𝑖 as shown in Table 2. In the 

output circuit with membership function design for variable 𝐾𝑝 consists of three membership 

functions. The division of the membership function for output on the 𝐾𝑝 variable can be seen in Table 

2(a). While the output circuit with membership function design for variable 𝐾𝑖 consists of five 
membership functions. The division of the membership function for output on the Ki variable can be 
seen in Table 2(b). 

 
Table 2 
Output circuit of 𝐾𝑝 and 𝐾𝑖 

Linguistic Crisp 

(a) Output1 (𝐾𝑝) 

Big (B) 260 

Medium (M) 250 

Small (S) 240 

(b) Output2 (𝐾𝑖) 

Very Big (B) 425 

Big (B) 420 

Medium (M) 415 

Small (S) 410 

Very 405 

 
The next step is to determine the rules for the relationship process between two inputs and two 

outputs that have been designed. In this study, 15 rules have been compiled with the AND scheme. 
The rule design in this study can be seen in Figure 11. Meanwhile, Figure 12 shows the surface of the 
rules that have been compiled with the distribution of input and output characters. 
 

 
Fig. 11. Determination of rules 
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Fig. 12. Surface rules 

 
The result and the rules that used in the FLC-PI method are as shown in Table 3. 

 
Table 3 
Rule in FLC-PI design 
No Rules 

1 If (E is NB) and (dE is N) then (𝐾𝑝 is M) (𝐾𝑖 is S) 

2 If (E is NS) and (dE is N) then (𝐾𝑝 is M) (𝐾𝑖 is M) 

3 If (E is Z) and (dE is N) then (𝐾𝑝 is S) (𝐾𝑖 is B) 

4 If (E is PS) and (dE is N) then (𝐾𝑝 is B) (𝐾𝑖 is VB) 

5 If (E is PB) and (dE is N) then (𝐾𝑝  is B) (𝐾𝑖 is VB) 

6 If (E is NB) and (dE is Z) then (𝐾𝑝 is M) (𝐾𝑖 is VS) 

7 If (E is NS) and (dE is Z) then (𝐾𝑝 is M) (𝐾𝑖 is M) 

8 If (E is Z) and (dE is Z) then (𝐾𝑝 is S) (𝐾𝑖 is M) 

9 If (E is PS) and (dE is Z) then (𝐾𝑝 is B) (𝐾𝑖 is B) 

10 If (E is PB) and (dE is Z) then (𝐾𝑝 is B) (𝐾𝑖 is VB) 

11 If (E is NB) and (dE is P) then (𝐾𝑝 is M) (𝐾𝑖 is VS) 

12 If (E is NS) and (dE is P) then (𝐾𝑝 is M) (𝐾𝑖 is S) 

13 If (E is Z) and (dE is P) then (𝐾𝑝 is S) (𝐾𝑖 is M) 

14 If (E is PS) and (dE is P) then (𝐾𝑝 is B) (𝐾𝑖 is M) 

15 If (E is PB) and (dE is P) then (𝐾𝑝 is B) (𝐾𝑖 is VB) 

 
Based on the rules that have been designed, it can be seen the distribution of input and output 

characters for variable error, delta error, 𝐾𝑝 and 𝐾𝑖.  

 
3. Result and Discussions 
 

Power converters commonly used to control DC motor velocity include DC choppers and 
controlled rectifiers. This study focuses on the use of a DC chopper, which is a subsystem that 
functions to convert DC to DC voltage that can be changed. DC to DC Converter or what is usually 
called a DC chopper is used mainly to provide DC output voltage whose magnitude varies according 
to the load used. 

Input power from a DC source is obtained from the traction substation via upper channel 
electricity which has a constant input voltage. To obtain the desired DC output voltage, one technique 
is to adjust the length of connection time between the input and the output sides in the same circuit. 
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This study proposes a DC chopper to control the velocity of a DC motor using the FLC-PI method on 
electric rail trains. 
 
3.1 DC Motor Output Results Without Load 

 
The first experiment was conducted by giving a load value of 0 Nm to the circuit and using a 1500 

VDC Vref reference voltage input. The differences obtained when the circuit uses PI control and FLC-
PI control are in settling time, armature current, DC motor rotation velocity (rpm), overshoot value, 
and the resulting RMS voltage. The comparison of PI and FLC-PI control system performance for DC 
Chopper when it is unloaded as shown in Table 4. 

 
 Table 4 
 Without load DC motor output data with PI and FLC-PI control 
 PI control FLC-PI control 

Settling time (s) 0.273  0.269  

Anchor current (A) 5.78  5.903  

DC motor rotation velocity (rpm) 1895 1872  

Overshoot (%) 1.06  0  

Vrms (v) Total vrms: 1053  
Vrms per motor: 263.2 

Total vrms: 1041 
Vrms per motor: 265.2 

 
The system without load used PI control scheme briefs with the settling time and overshoot of 

0.273 s and 1.06% respectively and the maximum velocity of the DC motor is 1895 rpm. Otherwise 
FLC- PI control performs with a settling time and overshoot are 0.269 s and 0% respectively and the 
maximum motor rotation velocity of 1872 rpm. Performances comparison between the system with 
PI and FLC-PI control can be seen in Figure 13 to Figure 17. 

 

  
Fig. 13. Velocity performance without load Fig. 14. Torque performance without load 
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Fig. 15. Armature Current performance without load Fig. 16. Output voltage performance without load 

 

 
Fig. 17. Armature voltage performance without load 

 
3.2 DC Motor Output Results With 100 Nm Load 
 

This study also conducted by giving a load of 100 Nm to the system and using a 1500 VDC Vref 
reference voltage input. The differences obtained when the system uses PI and FLC-PI control are 
performed in settling time, armature current, DC motor rotation velocity, overshoot, and the 
resulting RMS voltage. The comparison of PI and FLC-PI control system performance for DC Chopper 
with load of 100 Nm can be seen at Table 5. It can be concluded that FLC-PI control performs more 
better compared to PI control with the performances of lower in settling time, Anchor current, 
velocity, overshoot, and Vrms. 

 
Table 5 
DC motor output data (100 Nm) with PI and FLC-PI control 

 PI control FLC-PI control 

Settling time (s) 0.415  0.402  

Anchor current (A) 82.34  81.77  

DC motor rotation velocity (rpm) 1885  1860  

Overshoot (%) 0.5 0  

Vrms (v) Total vrms: 1200  
Vrms per motor: 299.8 

Total vrms: 1189  
Vrms per motor: 297.3 

 
The system with load of 100 Nm used PI control scheme performs a settling time and overshoot 

are 0.415 s and 0.5% respectively, and the maximum velocity of the DC motor is 1885 rpm. While the 
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system used FLC- PI can achieve the responses with settling time and overshoot of 0.402 s and 0% 
respectively and obtained maximum motor rotation velocity of 1860 rpm. The comparison between 
the system with PI and FLC-PI control for the system with load of 100 Nm can be seen in Figure 18 to 
Figure 22. 

 

  
Fig. 18. Velocity performance with load of 100 Nm Fig. 19. Torque performance with load of 100 Nm 

 

  
Fig. 20. Armature Current performance with load of 
100 Nm 

Fig. 21. Output voltage performance with load of 
100 Nm 

 

 
Fig. 22. Armature voltage performance with load of 100 Nm 
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3.3 DC Motor Output Results With 200 Nm Load 
 
This study also conducted by giving a load of 200 Nm to the system and using a 1500 VDC Vref 

reference voltage input. The differences obtained when the system uses PI and FLC-PI control are 
presented in settling time, armature current, DC motor rotation velocity, overshoot, and the resulting 
RMS voltage. The comparison of PI and FLC-PI control system performance for DC Chopper with the 
load of 200Nm can be seen in Table 6. 

 
Table 6 
DC Motor Output Data (200 Nm) with PI Control and FLC-PI Control 
 PI control FLC-PI control 

Settling time (s) 0.878  1.773  

Anchor current (A) 158.0  158.0  

DC motor rotation velocity (rpm) 1880  1855  

Overshoot (%) 0.267  0  

Vrms (v) Total vrms: 1348  
Vrms per motor: 337.0  

Total vrms: 1338  
Vrms per motor: 334.2  

 
The system with the load of 200 Nm with the PI control can achieve the performances with the 

settling time and overshoot of 0.878 s and 0.267% respectively, and the maximum velocity of the DC 
motor is 1880 rpm. While the system used the FLC-PI presents the performances with the settling 
time and overshoot of 1.733 s and 0% respectively and obtained the maximum motor rotation 
velocity of 1855 rpm. The comparison between the system with PI control and FLC-PI control can be 
seen in Figure 23 to Figure 27. 

The Vrms of the system with PI control is proportional to the increasing load. This also achieved 
to the Vrms value in the circuit using FLC-PI control is directly proportional to the increasing load. In 
the circuit that uses PI control and FLC-PI control, it appears that the output voltage is a direct output 
voltage produced has a definite value, and a stable current. It does not interfere with the value of 
the power supply in the system. Therefore, by using PI control and FLC-PI control, the control of the 
DC motor velocity will show a more stable responses and improving the system in accordance with 
the predetermined system specifications. 

 

  
Fig. 23. Velocity performance with load of 200 Nm Fig. 24. Torque performance with load of 200 Nm 
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Fig. 25. Armature Current performance with load of 
200 Nm 

Fig. 26. Output voltage performance with load of 
200 Nm 

 

 
Fig. 27. Armature voltage performance with 
load of 200 Nm 

 
Accordingly, it was assessed and confirmed, that the DC Chopper within various payload 

conditions, a common system performance is accomplished with the FLC-PI controller. Note that 
through comprehensive efforts in comparing to FLC-PI and PI controllers. The method, however, is 
hard and must be carried out for each loading condition. 

Regarding Table 4 to Table 6 and Figure 13 to Figure 27 can be concluded as Table 7 presents for 
all cases, that the settling time with the FLC-PI control is lessened to almost smaller of the defection 
with PI control schemes. Furthermore, with the FLC-PI control, the overshoot match to zero faster 
contrasted to PI control schemes. The settling time responses of the system uses FLC-PI control 
scheme with payload of 100 Nm 200 Nm are 0.402 s and 1.773 s, respectively. It is noted for 
increasing the number of load will impact with increasing the settling time responses. 

 
Table 7 
Comparison performances of DC chopper with various load 

Load Settling time (s) Anchor current (A) Rotation velocity 
(rpm) 

Overshoot (%) Total Vrms (v) 

PI FLC-PI PI FLC-PI PI FLC-PI PI FLC-PI PI FLC-PI 

Without 0.273 0.269 5.78 5,903 1895 1872 1.06 0 1053 1041 
100 Nm 0.415  0.402  82.34  81.77  1885  1860  0.5 0  1200 1189 
200 Nm 0.878  1.773  158.0  158.0  1880  1855  0.267  0  1348 1338 
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The performances comparison of the control schemes show that the FLC-PI control strategies 
presents better than the PI control schemes in reducing the settling of velocity of the DC Chopper. 
Moreover, in terms of the settling time, FLC-PI performs in without overshoot for without payload 
and faster settling times as contrasted to PI schemes. The FLC-PI controller could be achieving a 
similar profiles by comprehensive effort, although for every loading condition it is involves arduous 
tuning effort. This was completed by comparing the without and with load. The findings indicate that 
the suggested controller delivers excellent performance of the actual DC Chopper responses. Thus, 
confidence in the accuracy of the proposed controller for utilization in subsequent investigations for 
the performance responses for DC Copper systems, has been established. Moreover, in terms of the 
total Vrms performances, FLC-PI can achieve more lower Vrms for the various loads as contrasted to 
PI schemes. It indicates that FLC-PI can produces better performances compared to PI schemes in 
order to achieve Vrms on the DC Chopper output.   
 
3.4 Controller Performance Validation 
 

Validation of a controller performance for use in a large application is a crucial step before the 
controller can be applied certainty. In this study, simulation results of the controller performances of 
the DC Chopper are compared to show the controller performance validation. It can be regarded in 
time-domain validation, concentrating on the time response of different system states to an input 
command. The outcomes of the time domain reveal the effects of assumptions on nonlinear terms 
in motion equations. 

Figure 14 to Figure 28 present the comparison of the settling time and velocity responses, 
respectively. They demonstrate that both responses are well operated by the controller. These can 
be inferred from the system’s characteristic and transient reactions, where a close agreement has 
been reached between simulation work outcomes. However, in the original phase of DC Chopper, a 
slightly different is observed for the performance response.  
 
4. Conclusions 
 

The performances comparison of control schemes has been developed on a FLC-PI and PI control 
of DC chopper. This study presents steps of practical design in which the FLC-Pi and PI approach have 
been used for obtaining gains to control the DC chopper within various payload situation. The control 
schemes have been implemented and tested on DC chopper. The performance of the control 
schemes has been assessed in the aspects of input tracking capability, Anchor current, velocity, and 
total Vrms of DC chopper. An appropriate result in the capability of input tracking has been 
accomplished with the proposed control schemes. The performances comparison of the control 
schemes, show that the FLC-PI control strategies presents better than the PI control scheme in 
reducing the input tracking and performances of DC chopper. Moreover, in terms of the velocity 
responses, FLC-PI performs in without overshoot for without and with payload, and also faster 
settling times as contrasted to PI scheme. The FLC-PI controller could be achieving a similar profiles 
by comprehensive effort, although for every loading condition it is involves arduous tuning effort. 
This was completed by comparing the simulation for various load. The findings indicate that the 
suggested controller delivers excellent performance of the actual DC chopper responses. Thus, 
confidence in the accuracy of the proposed controller for utilization in subsequent investigations for 
the performance responses for DC chopper systems, has been established. 
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