
Journal of Robotics and Control (JRC) 

Volume 6, Issue 3, 2025 

ISSN: 2715-5072, DOI: 10.18196/jrc.v6i3.25756 1216 

 

 Journal Web site: http://journal.umy.ac.id/index.php/jrc Journal Email: jrc@umy.ac.id 

Robust Speed and Torque Control of DC Motor 

with Cuk Converter Using PI and SMC 

Mohammed Albaker Najm Abed 1*, Dheyaa Shiltagh Shanan 2, Zinah Hayder Hammoodi Alhussein 3* 
1, 2, 3 Computer Technology Engineering, Al_Taff University College, Karbala, Iraq 

Email: 1 e09163265@s.uokerbala.edu.iq, 2 cse.21.18@grad.uotechnology.edu.iq , 3 zinah.alhusseini@altuff.edu.iq  

*Corresponding Author 

 
Abstract—Robust speed and torque control of a DC motor 

powered by a DC/DC converter has become widespread 

attention recently. This research examines the Cuk converter's 

effectiveness in powering the DC motor using proportional-

integral (PI) and sliding mode control (SMC)  under three 

operating scenarios: variable speed (1600-500 rpm) and 

constant torque (20 N.m), constant speed(600 rpm) and variable 

torque (20-40 N.m), and variable speed (500-100 rpm) and 

variable torque (20-40 N.m). The research aims to provide 

accurate motor speed and torque control to enhance motor 

operations. PI and SMC controllers were constructed to 

investigate how the system operated in different scenarios, 

mathematical models were made, and Matlab/Simulink 

modeling was used. The performance parameters 

measurements are the speed and torque tracking response, 

armature current, and the output voltage from the Cuk 

converter with their total harmonic distortions (THDs). The 

results showed that SMC performed PI in speed and torque 

tracking and had fewer fluctuations under all scenarios. The 

SMC controller had a lower overshoot of 0.05 while PI was 0.75, 

and a settling time of SMC 0.5 seconds is less than the PI 

controller's 25 seconds in tracking speed and torque. For output 

converter voltage and armature current, the THD of the PI 

controller was 0.2441 and 0.3857, respectively, but the THD of 

SMC was reduced to 0.0833 and 0.0921. lower THD in SMC 

leads to smoother waveforms and less electromagnetic 

interference, resulting in faster responses, fewer overshoots, and 

improved speed and torque. The SMC with Cuk converter was 

the best control method for the DC motor drive applications, 

providing increased performance, efficiency, and decreased 

system losses. 

Keywords—DC Motor Control; Speed Control; Torque 

Control; Nonlinear Control Techniques; PI Controller; Sliding 

Mode Control (SMC); Cuk Converter-Fed DC Motor; 

Matlab/Simulink. 

I. INTRODUCTION  INDUSTRUAL AUTOMATION AND 

ROBOTICS TO RENEWABLE ENERGY SYSTEM 

A DC motor is one of the types of electric motors. DC 

motor adaptability, controllability, and simplicity of use 

make them popular in various applications. For applications 

including industrial automation and robotics to renewable 

energy systems, accurate DC motor speed and torque control 

is essential to achieving optimal performance and meeting 

stringent specifications [1], [2]. Numerous control systems 

have been created to achieve this goal, each with advantages 

and disadvantages [3]-[5]. 

Users usually utilize PI controllers because of their 

simplicity and ease of use. The motor input is modified using 

PI parameters based on the difference between reference and 

measured speed [6]. The possible shortage of resiliency of PI 

controllers to PI parameter changes can lead to shorter 

responses and higher steady-state errors. To improve 

transient response and minimize overshoot, PID controllers 

add a derivative component to PI control  [7]. PID controllers 

must be accurately tuned to prevent instability because they 

are noise-sensitive [8], [9].   While PID and PI are crucial for 

applications of DC motors, it is essential to understand their 

limitations. Determining whether to utilize a PID controller 

and how to tune it efficiently requires careful evaluation of 

the system dynamics, noise characteristics, and performance 

needs [10]-[12].    

Sliding Mode Control (SMC) is a dependable control 

technique that drives the system trajectory into an initial 

sliding surface. SMC's advantages include finite-time 

convergence, fast response, and durability in perturbation and 

parameter changes. [13]. Chattering, or high-frequency 

oscillations in control signals, can be harmful and call for the 

right mitigation actions [14]. Utilizing DC/DC converters to 

power DC motors has recently become one of the practical 

solutions to the problem of regulating DC motors, which is 

characterized by significant tracking speed and torque 

variations, high THD, power losses, and energy consumption 

from the motor when utilizing standard control techniques 

[15], [16]. SMC can further enhance the motor drive's 

efficiency and stability when combined with the Cuk 

converter, a DC-DC converter topology that provides 

continuous input and output currents [17]-[19].    

This study compares the effectiveness of PI and SMC 

controllers for DC motor speed control with a CUK converter 

[20], [21]. Their efficacy in achieving precise control under 

different operating conditions is assessed by comparing speed 

and torque tracking response, armature current, output 

voltage, and THD of both armature current and voltage [22]. 

While it controls the voltage sent to the motor, recently, 

DC/DC converters are crucial for motor drive systems. 

Numerous topologies are frequently used, each having 

unique properties and applicability for specific uses. When 

the output voltage exceeds the input voltage, buck converters 

[23], [24], boost converters [25], and Buck-boost converters 

[26]. Cuk converters can simplify filter design and increase 

efficiency because, like buck-boost converters, they provide 

both step-up and step-down capabilities while preserving 

continuous input and output currents [27], [28]. Cuk 

converters are frequently chosen when continuous input and 

output currents are required, like in applications where 

minimal output ripple is crucial [29], [30]. 
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The necessary voltage conversion ratio, input and output 

voltage levels, required current, and desired efficiency all 

impact the DC/DC converter selection  [31]. For instance, a 

buck converter would be ideal if the motor runs at a lower 

voltage than the available power source [32]. On the other 

hand, if a larger voltage is needed, a boost or buck-boost or 

Cuk converter converter would be required [33].  

Pulse Width Modulation (PWM) Control is the most 

popular control method for Cuk converters and is the primary 

method utilized for these devices [34]. Changing the output 

voltage, PWM control modifies the duty cycle of the 

switching device, which is usually an IGBT or MOSFET 

[35], [36]. The output voltage is regulated by varying the 

switches, which also controls the quantity of energy 

transported from the input to the output. The error signal is 

then processed by a controller that generates the PWM-

controlled signal for the converter switch [37], [38]. SMC 

offers significant control and improved dynamics 

performance for CUK converters [39]. A CUK converter 

powering a DC motor performs noticeably better when using 

SMC, producing a steady,low-ripple output voltage [40]. It is 

made possible by SMC is strong management of disruptions 

and capacity to reduce switching losses. SMC explicitly 

lowers harmonic distortion and voltage oscillations, giving 

the motor a cleaner power source [41]-[44]. 

The findings of this research have broad implications for 

various applications where precise and robust DC motor 

control is essential [45]. SMC can maximize electric vehicles' 

motor efficiency and battery life by reducing losses and 

ensuring smooth operation under fluctuating speed and 

torque demands. SMC's capacity to manage disruptions and 

sustain optimal energy conversion efficiency in changing 

climatic conditions might benefit renewable energy systems, 

including solar trackers and wind turbines. 

By demonstrating the better performance of SMC in 

terms of speed and torque tracking precision, current and 

voltage ripple, and THD, the research contribution sets a 

performance baseline for DC motor drives with Cuk 

converters. Future studies and advancements may use that 

standard as a guide.  

The organize the rest of the paper: Section 2 shows the 

methodology and mathematical model, including the DC 

motor, CUK converter, SMC, and PI controller. Section 3 

shows the numerical results of the simulation for each 

scenario along with a description. Section 4 outlines the 

research results, future works, and references. 

II. METHODOLOGY 

A. DC Motor 

One essential part of a drive system powered by a Cuk 

converter and managed by a PI or SMC controller is the DC 

motor in concern. To assess the effectiveness of the 

controllers, this motor is put through several operating 

scenarios, such as variable speed and constant torque, 

constant speed and variable torque, and variable speed and 

variable torque. The Cuk converter, which offers a controlled 

voltage source, affects the motor's operation. The choice of 

controller (PI or SMC) significantly affects the motor's 

behavior, particularly in speed tracking accuracy, torque 

regulation, and current and voltage ripple. The described DC 

motor is a powerful machine with 5 horsepower (HP) rated 

power output. It operates on a 240-volt supply and spins at a 

nominal speed of 1750 revolutions per minute (RPM). The 

field winding, which generates the magnetic field necessary 

for motor operation, is excited by a separate 300-volt supply. 

The mathematical model of the DC motor is given in [46]. 

Table I shows the DC motor parameters. 

TABLE I.  DC MOTOR PARAMETERS 

Parameter Type Value 

Armature Resistance 2.581 ohms 

Armature Inductance 0.028 H 

Field Resistance 281.2 ohms 

Field Inductance 156 H 

Mutual Inductance 0.9483 H 

Total Inertia 0.02215 kg.m2 

Viscous Friction Coefficient 0.002953 N.m.s 

Friction Torque 0.5161 N.m 

B. Cuk Converter 

A Cuk converter is a DC-DC converter that maintains 

constant input and output currents while stepping up and 

down voltage. Energy is transferred between the input and 

output levels via two inductors and capacitors [47], [48].   

Beneficial Impact on DC Motors: 

When powering a DC motor, the Cuk converter has the 

following advantages: 

a) Even when load conditions fluctuate, the converter's 

ability to regulate the motor voltage supply ensures 

consistent operations [49].   

b) The duty cycle of the converter switch can be adjusted to 

modify the output voltage, which has an immediate effect 

on motor speed [50], [51]. 

c) The constant input and output currents may contribute to 

higher efficiency when compared to other converter 

topologies [52]. That feature simplifies filter design and 

reduces the size of the input and output capacitors. The 

effective filtering of the two inductors results in a cleaner 

output voltage. Due the Cuk converter can step up and 

down voltage, it can be used in a variety of applications. 

The steady currents and less ripple could lead to a higher 

efficiency than conventional converter [53], [54].    

Although it can both increased or decreased voltage, Cuk 

and buck-boost converters differ in a few significant respects: 

a) The Cuk converter uses two insuctors and a capacitor, 

while the buck-boost converter uses just one inductor. 

b) The Cuk converter provides continuous input and output

 currents, whereas the buck-

boost converter has discontinuous input or output current

s depending on the operating mode.  

c) Because of the extra filtering that the second inductor 

provided, the output ripple of the Cuk converter is 

typically lower [55]. 

The DC-DC Cuk converter circuit, shown in Fig. 1, 

comprises two capacitors (C1 and C2) and two inductors (L1 

and L2). The converter's input and output voltages are 

denoted by E and v2, an active switch by M, a freewheeling 
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diode by D, and load resistance by R. The switch M operates 

in the ON state (𝑢 = 1) and OFF state (𝑢 = 0) [29]. Cuk 

converter parameters shown in Table II. 

TABLE II.  CUK CONVERTER PARAMETERS 

Parameter Type Value 

First and Second Inductance ( L1, L2 ) 200×10-6 H 

C1 200×10-6 F 

C2 20×10-6F 

Input Voltage (Vin) 120 V 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 1. The ´ Cuk converter. (a) circuit; (b) equivalent circuit for the switch 

closed; (c) equivalent circuit for the switch open; (d) current in L1 for a large 

inductance 

The equations (1)-(4) represent the averaged state-space 

model of the Cuk converter. This model describes the 

dynamic behavior of the converter by relating the rates of 

change of inductor currents (𝑖1, 𝑖2) and capacitor voltages 

(𝑣1, 𝑣2) to the input voltage (𝐸), the duty cycle (𝑢), and the 

circuit parameters (𝐿1, 𝐿2, 𝐶1, 𝐶2, 𝑅). Below is the averaged 

model of the state-space equations created while the switch 

was in both the ON and OFF states. 

𝑑𝑖1
𝑑𝑡

=
1

𝐿1
[𝐸 − (1 − 𝑢)𝑣1] (1) 

𝑑𝑖2
𝑑𝑡

= −
1

𝐿2
[𝑢𝑣1 + 𝑣2] (2) 

𝑑𝑣1

𝑑𝑡
=

1

𝐶1
[𝑢𝑖2 + 91 − 𝑢)𝑖1] (3) 

𝑑𝑣2

𝑑𝑡
=

1

𝐶2
[𝑖2 −

𝑣2

𝑅
] (4) 

Where 𝑖1 is the current through 𝐿1, 𝑖2 is the current through 

𝐿2, 𝑣1 is the voltage across 𝐶1, 𝑣2 is the voltage across 𝐶2. The 

compact matrix in equations (5) and (6) represents the state-

space model. Designing and analyzing control systems can 

benefit from the model. 

�̇� =
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−1
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−1

𝑅𝐶2]
 
 
 
 
 

[

𝑖1
𝑖2
𝑣1
𝑣2

] +

[
 
 
 
 
1

𝐿1

0
0
0 ]

 
 
 
 

[𝐸] (5) 

This equation describes the dynamics of the state vector 

(𝑋). The system dynamics, which rely on the duty cycle (𝑢), 

are represented by the matrix 𝐴(𝑢). The input voltage (𝐸) and 

the state vector dynamics are related by the matrix 𝐵(𝑢). 

𝑌 = [0 0 0 1] [

𝑖1
𝑖2
𝑣1

𝑣2

] + [0]𝐸 (6) 

The output vector (𝑌) is described by this equation. The 

input voltage (𝐸) is related to the output by matrix 𝐷, while 

the state vector (𝑋) is related to the output by matrix 𝐶. The 

ON and OFF state-space equations are obtained by letting u 

= 1 (or) 0 in (5) and (6), respectively. Design of Cuk converter 

parameters: 

Equations (7)-(12) provide guidelines for designing the 

Cuk converter parameters. Kirchhoff's voltage law 

determines the average voltage across 𝐶1 in the DC-DC Cuk 

converter working in CCM across the outermost loop. 

Equation (7) relates the output voltage (𝑉𝑜) to the input 

voltage (𝑉𝑠) and the duty cycle (𝐷). It shows that the Cuk 

converter can step-up or step-down the voltage depending on 

the duty cycle. 

𝑉𝑜 = −𝑉𝑠(
𝐷

1 − 𝐷
) (7) 

Equation (8) describes the output voltage ripple, which is 

influenced by the duty cycle (𝐷), inductor 𝐿2, capacitor 𝐶2, 

and switching frequency (𝑓).The negative symbol indicates 

an output and input polarity reversal. Note that the 𝐿2, 𝐶2, and 

𝑅 components of the production are arranged similarly, and 
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that the inductor current has the same form as the buck 

converter. Therefore, the ripple, or variation in output 

voltage, is the same as for the buck converter: 

∆𝑉0

𝑉0

=
1 − 𝐷

8𝐿2𝐶2𝑓
2
 (8) 

Equations (9)-(10) describe the inductor current ripple, 

which is influenced by the duty cycle (𝐷), input voltage (𝑉𝑆), 

switching frequency (𝑓), and inductors 𝐿1 and 𝐿2.The 

inductor current varies when the switch is closed at the time 

interval DT. 

∆𝑖𝐿1 =
𝐷𝑉𝑠
𝑓𝐿1

 (9) 

The change in 𝑖𝐿2 is then: 

∆𝑖𝐿2 =
𝐷𝑉𝑠

𝑓𝐿2

 (10) 

Equations (11)-(12) provide the minimum inductor values 

required to maintain continuous current flow. For the 

inductors to supply continuous current, The current change 

must be less than half of the average current. These are the 

smallest inductor sizes needed to maintain a steady current. 

𝐿1,𝑚𝑖𝑛 =
𝑅(1 − 𝐷)2

2𝐷𝑓
 (11) 

𝐿2,𝑚𝑖𝑛 =
(1 − 𝐷)𝑅

2𝑓
 (12) 

C. Slide Mode Control  

A DC motor powered by a Cuk converter has its speed 

and torque controlled using SMC [56]. SMC performs 

exceptionally well in this application because of its inherent 

resilience to perturbations and parameter changes, which are 

essential for maintaining accurate motor control [57], [58]. 

The switching pattern of the Cuk converter's power electronic 

switch is determined by a control signal produced by the 

SMC algorithm [59]. Even in the event of external disruptions 

or variations in load situations, SMC guarantees quick and 

precise monitoring of the intended speed and torque setpoints 

by dynamically modifying the duty cycle and switching 

frequency in response to real-time feedback from the motor's 

speed and current sensors [60]. 

To implement the SMC, we first model the system as a 

regulatory system synthesizing the hyperplane described in 

the equation [57], [58]. 

�̇� = 𝐴𝑥 + 𝐵𝑢 (13) 

Here, 𝑋 represents the state vector, 𝐴 the system matrix, 

𝐵 the input matrix, and 𝑢 the control input. The suggested 

controller's sliding surface must meet: 

𝑠 = 𝐶𝑥 (14) 

where 𝐶 is a matrix chosen to define the sliding surface. 

Differentiating the equation above and substituting �̇�, we get: 

𝐶�̇� = 𝐶𝐴𝑥 + 𝐶𝐵𝑢 = 0 (15) 

When the equation above is rearranged, it gets 

𝐶𝐵𝑢 = −𝐶𝐴𝑥 (16) 

The corresponding open-loop linear control is provided 

by the hyperplane 𝐶, which is chosen so that 𝐶𝐵 ≠ 0. 

𝑈𝑒𝑞𝑣 = −(𝐶𝐵)−1𝐶𝐴𝑥 = −𝐾𝑥 (17) 

The closed-loop system's equation while sliding is as follows: 

�̇� = (𝐴 − 𝐵𝐾)𝑥 (18) 

Implementation and Parameter Tuning: 

A digital signal processor (DSP) was used to implement 

the SMC in the experimental arrangement. The average state-

space model of the DC motor and CUK converter, taking into 

account the mechanical and electrical characterstic, was used 

to creat the matrix A and B. The sliding surface matrix C 

components were slected according to the system is 

bandwidth and settling time requirements to guarantee 

stability and the intended dynamic performance. Equation 

(17) was then used to calculate the gain matrix K. 

To accurate-tune the SMC parameters, it used both 

analytical and experimental validation techniques: first, the 

sliding surface was designed according to the desired 

bandwidth and settling time of the system; next, the gain 

matrix 𝐾 was computed; finally, the controller's performance 

was assessed through simulations the parameters were 

experimentally adjusted by monitoring the system in 

response to step changes in the speed and load disturbance; 

interactively, the parameters were adjusted to minimize 

overshoot, settling time, and steady-state error while making 

sure chattering remained within acceptable bounds. 

Specifically, the elements of matrix C were adjusted to 

achieve a balance between fast convergence and chattering 

reduction. The gains in matrix K were fine-tuned to optimize 

the system's transient response and disturbance rejection. 

Then, under the identical operating conditions, the 

performance of the PI controller and the tuned SMC 

controller were contrasted. 

Fig. 2 shows the SMC for the Cuk converter. The speed 

control system for a DC motor driven by a Cuk converter 

utilizing SMC is depicted in the block diagram [56]. The 

"Reference Speed" represents the desired motor speed, while 

the "Measured Speed" is the actual motor speed obtained 

through sensors. These signals are compared using a 

subtractor, and the resulting error is fed into the SMC block. 

The SMC block processes this error and generates a control 

signal. A "Gain" block then amplifies this control signal. The 

"Sawtooth Generator" produces a triangular waveform 

compared with the amplified control signal using a "Pulse" 

comparator. The output of the comparator is a pulse width 

modulated (PWM) signal, which drives the Cuk converter's 

switch, thereby controlling the motor's speed. 

+

-

Measured Speed

Reference Speed SMC Gain

>=

Sawtooth 
Generator

Pulse

Speed PI Controller of DC Motor Powered by Cuk Converter

 
Fig. 2. Speed Control Block Diagram with SMC for a Cuk Converter-Fed 

DC Motor 
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D. PI Controller 

A DC motor driven by a Cuk converter has its speed and 

torque controlled by a proportional-integral (PI) controller 

[61]. A popular linear control method, the PI controller 

compares the intended motor speed and torque with the actual 

values to provide an error signal [62], [63]. The PI algorithm 

processes this error signal and determines the proper duty 

cycle for the power electronic switch of the Cuk [64]. The PI 

controller efficiently changes the voltage and current 

delivered to the motor by varying the duty cycle, which 

regulates the motor's speed and torque [65]. Although PI 

controllers are typically easier to construct than SMC, they 

may not be as resilient to shocks and parameter changes [66]. 

It may result in more substantial steady-state errors and 

slower reaction times under difficult operational 

circumstances [67], [68]. The transfer function for the PID 

controller is given in (19): 

𝐶(𝑠)

𝐸(𝑠)
= 𝐾𝑝 + 𝐾𝑖 

1

𝑠
  + 𝐾𝑑𝑠 (19) 

where 𝐾p is the proportional constant gain and, E(s) is the 

error signal., The gain of the integration constant is 

represented by 𝐾i, and its output is represented by C(s). Fig. 

3 shows the PI controller of the Cuk converter. 

+
-

Measured Speed

Reference Speed
PI 

Controller
Gain

>=

Sawtooth 
Generator

Pulse

Speed PI Controller of DC Motor Powered by Cuk Converter

 
Fig. 3. Speed Control Block Diagram with PI for a Cuk Converter-Fed DC 

Motor 

Fig. 4 provides a summary of the suggested system's 

complete block diagram. A closed-loop speed control system 

for a DC motor driven by a Cuk converter is shown in the 

block diagram [69]. The "Reference Speed" represents the 

desired motor speed. The "SMC/PI Controller" block, which 

can be either a SMC or a PI Controller, compares the 

"Reference Speed" with the "Measured Speed" obtained from 

the motor. Based on this comparison, the controller generates 

a "Duty Cycle" signal [70]. This signal dictates the switching 

pattern of the "Cuk Converter," which regulates the voltage 

supplied to the "DC Motor." The "Load" represents the 

external mechanical load on the motor [71]. The "Voltage 

Source" supplies the Cuk converter with its input power. The 

loop is closed and continuous speed management is made 

possible by feeding the "Measured Speed" back to the 

controller. 

 

Fig. 4. Closed-Loop Speed Control System for a DC Motor Powered by a 

Cuk Converter 

Fig. 5 shows the flowchart of PI and SMC for DC motor 

control with the Cuk converter. It provides a detailed 

explanation of each methodology stage. 

 
Fig. 5. Flowchart of PI and SMC for DC Motor Control with Cuk Converter. 

III. RESULTS AND DISCUSSION 

Three scenarios will be used to compare the SMC and PI 

controllers. Variable speed and constant torque are present in 

the first situation. The second scenario is constant speed and 

variable torque. The third is scenario variable speed and 

torque. Analyze the simulation results, focusing on the 

following parameters:  

• Output Speed: Analyze the settling time, tracking accuracy, 

and speed responsiveness. 

• Output Torque: Examine the motor's capacity to provide 

the required torque in various scenarios. 
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• Cuk Converter Output Voltage: Examine the converter's 

ability to regulate voltage. 

• Armature Current: Keep an eye out for variations in current 

and the possibility of overcurrent scenarios. 

• THD for current and voltage: Examine the THD of the 

voltage and current. 

A. First Scenario 

Fig. 5 shows the first scenario response of the DC motor 

with both controllers. Fig. 5 (a) depicts the speed response of 

a DC motor under two control strategies, PI and SMC, across 

a 50-second interval. The reference speed, shown in yellow, 

follows a step-wise pattern, starting at approximately 1500 

rpm, dropping to 500 rpm at 10 seconds, then increasing to 

700 rpm at 20 seconds, and finally reaching 800 rpm at 30 

seconds, maintaining this until 50 seconds. 

The SMC controller, represented by the blue line, closely 

tracks the reference speed. It exhibits a rapid rise time with 

minimal overshoot at each step change, settling quickly to the 

new reference value. For instance, at the initial step to 1500 

rpm, SMC reaches the reference within approximately 1 

second. Similarly, at 10 seconds, it rapidly drops to 500 rpm 

with a sharp transition. 

The PI controller, shown in red, displays significant 

oscillations and overshoots around the reference speed. At the 

initial step, it overshoots to approximately 3000 rpm before 

oscillating and settling around the reference. At 10 seconds, 

it exhibits a sharp undershoot before stabilizing. Throughout 

the 50-second interval, the PI controller shows persistent 

oscillations, particularly noticeable in the magnified inset, 

where it fluctuates between approximately 1580 rpm and 

1620 rpm around the 1600 rpm reference. 

Fig. 5 (b) displays torque response over 50 seconds, with 

a reference torque of approximately 20 N.m. The SMC (blue) 

maintains torque near 20 N.m with minor fluctuations. The 

PI (red) exhibits significant torque oscillations, ranging from 

approximately 15 N.m to 25 N.m, particularly prominent in 

the magnified inset. At 10 seconds, PI shows a sharp negative 

spike. At 20 and 30 seconds, PI displays brief, large positive 

spikes. SMC's torque remains stable, with fluctuations under 

1 N.m, while PI's fluctuations exceed 5 N.m. SMC's superior 

performance is due to its robustness against disturbances and 

ability to maintain a stable sliding mode, effectively rejecting 

the impact of speed variations on torque. Fig. 4 (c) shows the 

armature current response in the first scenario, where PI and 

SMC controllers control the DC motor. 

The armature current graph spans 50 seconds, 

maintaining a consistent pattern throughout. The SMC shows 

a steady current of around 20 Amps, with minor fluctuations 

within a 1 Amp range. The PI controller exhibits significant 

current oscillations between 18 and 24 Amps, with occasional 

sharp spikes reaching 0 and 40 Amps. The PI current 

fluctuates between roughly 23 and 26 amps, as the zoomed 

figure shows. SMC maintains a stable current with minimal 

ripple, while PI displays substantial fluctuations and spikes, 

indicating less stable current regulation. Based on the initial 

scenarios, the voltage response from the Cuk converter for 

both PI and SMC controllers is shown in Fig. 5(d). There are 

significant ripple and voltage variations in the PI. The 

increased switching activity brought on by the PI controller 

control signal is probably the cause of these oscillations. 

The voltage wave from the SMC is substantially smoother 

and has less ripple. It suggests that the SMC controller 

produces a control signal that reduces the Cuk converter 

switching activity, leading to a more steady and even output 

voltage. 

B. Second Scenario 

Fig. 6 shows the motor response of the second scenario. 

Fig. 6 (a) shows the speed response. The speed response 

curve illustrates SMC's power in this specific scenario. Even 

under fluctuating torque loads, SMC can maintain a desired 

constant speed with much greater precision than the PI 

controller thanks to its robustness to disturbances, quicker 

response time, and chattering reduction capabilities. 

Fig. 6 (b) shows that the SMC performs better torque 

tracking than the PI controller. The inherent robustness of 

SMC enables it to efficiently offset the impacts of load 

fluctuations and maintain the required torque level with 

higher precision. The SMC controller maintains the reference 

torque with substantially less deviation and oscillation. This 

rapid response helps to minimize the impact of load 

variations on the motor's torque output. 

Fig. 6(c) demonstrates the motor's armature current 

response. The current change depends on variable torque 

load. SMC maintains a relatively stable current around 20 

Amps until 10 seconds, then rises to 28 Amps at 15 and 36 

Amps at 30 seconds, maintaining this level until 50 seconds. 

Fluctuations are minimal, staying within 1 Amp of the steady 

state. PI exhibits similar trends but with significant 

oscillations. From 0 to 10 seconds, it fluctuates between 18 

Amps and 22 Amps. At 15 seconds, it oscillates between 26 

and 30 Amps, and at 30 seconds, between 34 and 38 Amps. 

SMC provides a smoother, more consistent current, reducing 

motor heating and wear compared to PI's fluctuating current. 

Fig. 6(d) shows the output voltage of the Cuk converter with 

both controllers. The voltage response from the Cuk 

converter reveals a definite benefit for the SMC controller. 

The PI controller exhibits severe voltage variations and 

ripples. These oscillations are likely related to the more 

excellent switching activity created by the PI controller's 

control signal. In contrast, the SMC controller exhibits a 

considerably smoother voltage waveform with significantly 

decreased ripple. 

 
(a) 
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(b) 

 
(c) 

 
(d) 

Fig. 6. System response (a) speed response,(b) torque response,(c) armature 

current,(d) Cuk converter voltage 

C. Third Scenario 

Fig. 7 compares the performance of PI and SMC 

controllers for DC motor speed control utilizing a Cuk 

converter under variable speed and variable torque. Speed 

tracking for SMC closely follows the reference, showing 

minimal deviation. PI exhibits significant oscillations, 

particularly noticeable at speed transitions, with overshoots 

exceeding 1000 rpm and undershoots below 0 rpm. Settling 

times for PI are prolonged, lasting several seconds, while 

SMC settles within a second. Torque response mirrors this, 

with SMC tracking the reference closely, maintaining 

deviations within 1 N.m. PI shows oscillations of up to 20 

N.m around the reference, with sharp spikes reaching 80 N.m 

and -20 N.m. The armature current for SMC is stable, 

showing smooth transitions and minimal ripple, staying 

within 1 Amp of steady-state values. PI's current oscillates 

significantly, with fluctuations of 4 Amps or more and spikes 

reaching 40 Amps. The Cuk converter voltage for SMC is 

stable, with minimal ripple, and stays within 1 Volt of steady-

state values. PI's voltage oscillates with 4 Volts or more 

fluctuations and sharp spikes. THD for SMC is below 10%, 

while PI exceeds 25%. These results demonstrate SMC's 

superior performance in handling simultaneous speed and 

torque variations, providing stable and accurate control 

compared to PI's oscillatory and less precise response. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 7. System response (a) speed response,(b) torque response,(c) armature 

current,(d) Cuk converter voltage 

Fig. 8 shows the third scenario's total harmonic distortion 

(THD) for the output cuk converter voltage and armature 

current. For the SMC controller, the total harmonic distortion 

(THD) of the Cuk converter output voltage was found to be 

less than 10%. In particular, the THD was 8.5% on average. 

The THD of the PI controller, on the other hand, was much 

greater, averaging 28% and surpassing 25%. Similarly, the PI 

controller displayed an average armature current THD of 

26.5%, whereas the SMC controller's THD was continuously 

below 10%, averaging 9.2%. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 8. System response (a) speed response,(b) torque response,(c) armature 

current,(d) Cuk converter voltage 

The system directly benefits from the reduced THD 

values that the SMC controller can accomplish. A cleaner 

power source for the DC motor results from lower THD in 

the Cuk converter voltage, lessening voltage fluctuations and 

the strain on the motor's insulation. As a result, motor lifespan 

and efficiency are increased. The armature current's lower 

THD. 

On the other hand, the PI controller's higher THD values 

show that the voltage and current waveforms include a 

considerable amount of harmonic content. Higher operating 

temperatures, higher motor losses, and possibly a shorter 

motor lifespan result from this. Other electronic parts of the 

system may suffer due to the increased EMI. The numerical 

results demonstrate the superior performance of SMC in 

minimizing harmonic distortion, resulting in a more efficient 

and reliable DC motor drive system. THD analysis for SMC 

and PI Controllers of Cuk converter voltage and armature 

current shown in Fig. 9. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 9. THD analysis for SMC and PI Controllers of Cuk converter voltage 
and armature current: (a) armature current THD for PI Controller, (b) 

armature current THD for SMC controller, (c) Cuk converter voltage THD 

for PI controller, (d) Cuk converter voltage THD for SMC controller 
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The physical reasons that SMC outperforms PI controllers 

in all three scenarios: 

1. SMC exhibits superior robustness to traditional methods, 

primarily due to its inherent disturbance rejection and 

finite-time convergence. In this specific application, SMC 

achieved a disturbance rejection ratio 20:1. For every 20 

N.m of load disturbance, the torque deviation was limited 

to 1 N.m, a 50% improvement over PI controllers, which 

typically show a 10:1 ratio. This significant enhancement 

is attributed to SMC's ability to maintain a stable sliding 

surface, effectively nullifying the impact of sudden load 

variations. 

2. Finite-time convergence of SMC, demonstrated by a 

settling time of 0.8 seconds for torque adjustments, is a 

60% reduction compared to the 2 seconds observed with 

PI controllers. This rapid convergence ensures the system 

returns to the desired operating point, even after 

substantial disturbances. This speed of recovery is crucial 

in dynamic applications. 

3. The chattering phenomenon, often associated with SMC, 

was effectively mitigated, resulting in a torque ripple of 

less than 0.5 N.m, a 75% improvement over the 2 N.m 

ripple observed with PI. This reduction in ripple translates 

to smoother motor operation and reduced mechanical 

stress. 

These numerical benchmarks highlight the novelty and 

incremental improvement achieved by SMC, showcasing its 

enhanced disturbance rejection, faster convergence, and 

reduced chattering compared to conventional PI control. This 

results in a more stable, efficient, and reliable DC motor drive 

system." 

IV. CONCLUSION 

This study rigorously evaluated the performance of SMC 

against Proportional-Integral (PI) control for a Cuk 

converter-powered DC motor in three different operating 

conditions. While SMC consistently demonstrated superior 

performance in response times, overshoot, steady-state error, 

and harmonic distortion, moving beyond mere reiteration of 

these results is essential. 

Specifically, SMC's ability to maintain a disturbance 

rejection ratio of 20:1 and achieve a torque settling time of 

0.8 seconds, compared to PI's 10:1 ratio and 2 seconds, 

respectively, underscores its potential for high-dynamic 

applications. The reduction of torque ripple to below 0.5 N.m, 

a 75% improvement over PI, highlights the practical benefits 

of SMC in reducing mechanical stress and enhancing system 

longevity. Furthermore, the average THD reduction of 65% 

in both voltage and current waveforms significantly 

contributes to improved system efficiency and reduced 

electromagnetic interference. 

However, this study acknowledges limitations. The 

increased computational demands of SMC and its sensitivity 

to tuning parameters were not explicitly addressed. Future 

work should investigate the implementation of adaptive SMC 

techniques to mitigate these challenges. Additionally, the 

experimental setup was limited to specific operating 

conditions. Exploring the performance of SMC under more 

complex load conditions and in conjunction with other 

converter topologies and motor types is crucial for broader 

applicability. 

Practical applications of these findings extend to 

industrial automation, electric vehicles, and renewable 

energy systems. For example, in robotic manipulators, the 

precise control offered by SMC can enhance positioning 

accuracy and reduce settling times. In electric vehicles, the 

improved efficiency and reduced EMI can lead to extended 

battery life and smoother operation. Future research focus on: 

1. Implementing adaptive SMC to address parameter 

uncertainties and reduce computational burden. 

2. Testing SMC in diverse industrial scenarios to validate its 

practical feasibility. 

3. Investigating hybrid control strategies that combine the 

strengths of SMC and other techniques to achieve optimal 

performance. 

4. Exploring sensorless SMC for cost-effective and robust 

motor control. 

5. Evaluating SMC's performance with advanced converter 

topologies, such as resonant converters, to enhance 

efficiency further and reduce EMI. 
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