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Abstract 

Cuk converters are structures that convert a DC voltage to a DC voltage of varying amplitudes. Cuk converters can 
operate as both step-down and step-up converters. This study addresses the modeling of a non-isolated Cuk converter, 
its design using MATLAB Simulink software, and its simulations. A discrete-time PI controller was used to control the 
designed Cuk converter. The output DC voltage graph of the designed Cuk converter was obtained, and a comprehensive 
time response analysis was also performed. The rise time, settling time, peak time, peak voltage, and overshoot values 
were analyzed. A comprehensive time response analysis was conducted. The time response data indicate that the 
designed Cuk converter has a fast rise time, minimal overshoot, and a short settling time. The designed non-isolated Cuk 
converter can quickly reach the desired 60 V value. The analyses revealed that the designed Cuk converter operated 
successfully. 
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1. Introduction

Cuk converters are widely used in photovoltaic systems, wind energy systems, battery charging circuits for energy 
storage systems, and LED lighting [1]-[4]. Today, renewable energy systems are becoming increasingly widespread [5]. 
Renewable energy systems reduce environmental pollution, carbon emissions, and environmental pollution [6]. They 
require less maintenance and, unlike fossil fuel-powered systems, are sustainable [7]. They also enable energy 
independence [8]. All these advantages bring renewable energy systems to the forefront worldwide and lead to their 
growing demand. Battery charging circuits are needed to store the electricity generated by renewable energy systems 
[9]. Cuk converters are very important today because they are used in battery charging circuits [10]. Cuk converters are 
used as a voltage source for DC motor drives [11]-[13]. DC motors are used in air conditioners, computer drives, electric 
toothbrushes, portable vacuum cleaners, drilling machines, trimmers, food mixers, electric vehicles, elevators, and 
hoists [14]-[17]. DC motors are also used to turn the propellers of quadrotor unmanned aerial vehicles [18]-[22]. 

Meena et al. developed a method of reduced-order modelling for a Cuk converter. They used Kharitonov polynomials to 
reduce the obtained interval model [23]. Pandey et al. developed an e-bike charger using a Cuk converter followed by 
an LLC resonant converter [24]. Krishnamurthy et al. realized a Fuel Cell Fed Electrical Vehicle Performance Analysis 
with Enriched Switched Parameter Cuk (ESPC) Converter [25]. Shukla et al. developed a bridgeless buck-boost-Cuk 
converter-fed battery charging system for electric vehicle applications, and they improved the power factor profile [26]. 
Haider et al. developed a high-gain Cuk converter using a modified Cuk converter and voltage multiplier units. They 
performed simulations using MATLAB/Simulink and proved the advantages of their design [27]. Priyadarshi et al. 
proposed a switched-inductor capacitor and non-isolated high-step-up Cuk converter for a solar photovoltaic system. 
They designed and simulated the Cuk converter with MATLAB/Simulink [28]. Dutta et al. designed a single-phase 
bridgeless Cuk-derived power factor corrected (PFC) converter with reduced component count for an on-board electric 
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vehicle (EV) charging application [29]. Gholizadeh et al. developed a modified Cuk-based high step-up DC-DC converter 
for renewable energy applications [30]. Cheng et al. designed a high step-up combined boost-Cuk converter with a 
switched inductor. In their work, they improved the voltage gain. They also realized a prototype to validate their 
simulations [31].  

In this study, a non-isolated Cuk converter was modeled and controlled by a PI controller. Modeling and simulation 
studies were performed using MATLAB/Simulink. This study's advantage over traditional Cuk converters is its PI 
controller. Conventional non-isolated Cuk converters do not use a controller. In this case, the system exhibits higher 
overshoot, oscillates more, and it becomes more difficult to achieve the desired DC voltage value. In this work, the PI 
controller reduced the error and produced the desired DC output quickly. Thanks to the PI controller design, the system 
exhibited minimal overshoot and oscillations compared to conventional Cuk converters, reaching the desired DC voltage 
value with a faster settling time. Secondly, a detailed time response analysis was performed by examining the rise time, 
settling time, peak time, peak voltage, and overshoot data of the resulting simulated voltage output. Simulation results 
demonstrated that the PI-controlled non-isolated Cuk converter operated successfully and produced the desired DC 
voltage value. 

2. Working Principles of the Non-Isolated Cuk Converter 

The Cuk converter was invented in 1976 by Slobodan Ćuk, a professor at the California Institute of Technology. There 
are several variations of the Cuk converter. In this study, a non-isolated Cuk converter was used [32]-[34]. 

In a non-isolated Cuk converter, the input and output circuits share the same common ground. The non-isolated Cuk 
converter consists of a DC input source, input inductor L1, controllable switch S, energy transfer capacitor C, diode D, 
filter inductor L2, filter capacitor C2, and load resistor R [35], [36]. 

This converter transfers energy between inductor L1, capacitor C1, and inductor L2 to convert the input DC voltage to 
the required output voltage. A power transistor switch, such as a MOSFET, is used to control the amount of energy 
transferred [37]. Off-state and on-state diagrams of the non-isolated Cuk converter are given in Figure 1. 

 

Figure 1 Off-state and on-state diagrams of the non-isolated Cuk converter 

The energy in the inductor is calculated using the formula given in equation (1). 

𝐸 =
1

2
𝐿𝐼2 (1) 

The evolution of the current flowing through an inductor is related to the voltage across it. The voltage VL is found as in 
equation (2). 

𝑉𝐿 = 𝐿
𝑑𝐼

𝑑𝑡
 (2) 

In the off-state, inductor L1 is connected in series with Vs voltage and C1 capacitor. Therefore, the VL1 voltage is obtained 
as in equation (3). 
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𝑉𝐿1 =  𝑉𝑠 − 𝑉𝐶1 (3) 

L2 is directly connected to the output capacitor. Therefore, the voltage VL2 is written as in equation (4). 

𝑉𝐿2 =  𝑉0 + 𝑉𝐶  (4) 

On the on-state, inductor L1 is directly connected to the input voltage source. Therefore, the VL1 voltage is obtained as in 
equation (5). 

𝑉𝐿1 =  𝑉𝑠 (5) 

The inductor L2 is connected in series with the C capacitor and the output capacitor, C0. Therefore, the VL2 voltage is 
obtained as in equation (6).  

𝑉𝐿2 =  𝑉0 + 𝑉𝑐 (6) 

The Cuk converter operates in the on state from t = 0 to t = DT, and D is the duty cycle. The Cuk converter operates in 
off-state from D-T to T, and this period equals (1-D)T. The average values of VL1 and VL2 are presented in equations (7) 
and (8), respectively. 

𝑉̅𝐿1 = (𝑉𝑠 − (1 − 𝐷)𝑉𝑐) (7) 

𝑉̅𝐿2 = (𝑉0 + 𝐷𝑉𝑐) (8) 

Since both average voltages must be zero to ensure steady-state conditions, we can write equation (9) using the last 
equation: 

𝑉𝑐 = −
𝑉0

𝐷
 (9) 

Therefore, the average voltage across L1 is written as in equation (10). 

𝑉̅𝐿1 = (𝑉𝑠 + (1 − 𝐷)
𝑉0

𝐷
) = 0 (10) 

In this case, the ratio of the output voltage to the source voltage can be written as in equation (11). 

𝑉0

𝑉𝑠
= −

𝐷

1 − 𝐷
 

3. Modeling and Simulation of the Non-Isolated Cuk Converter 

In this section, the non-isolated Cuk converter was modeled and simulated using MATLAB/Simulink. Figure 2 shows 
the Simulink model of the non-isolated Cuk converter operating in continuous mode and controlled by a PI controller. 
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Figure 2 Simulink model of the non-isolated Cuk converter 

Table 1 shows the values of the parameters used in the non-isolated Cuk converter design. 

Table 1 Parameters of the non-isolated Cuk converter 

Parameter Value 

L1 inductance 0.1x10-3 H 

L2 inductance 2x10-3 H 

C1 capacitor 100x10-6 F 

C2 capacitor 10-3 F 

R resistance  100 Ω 

Diode Ron resistance 0.001 Ω 

Diode Lon inductance 0 H 

Diode Vf forward voltage 0.8 V 

Diode Rs snubber resistance 500 Ω 

Diode Cs snubber capacitance  2500x10-9 F 

Switch Ron internal resistance 0.001 Ω 

Switch initial state 0 (open) 

Switch Rs snubber resistance 10-5 Ω 

Switch Cs snubber capacitance Inf F 

Vs source voltage 25 V 

Powergui Continuous  

A discrete-time PI controller was used to control the designed non-isolated Cuk converter. This aimed to reduce the 
error signal and achieve the desired DC voltage value more quickly. The PI controller was chosen because its parameters 
are easily adjustable and it is widely used in the industry. [38]-[40]. 
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The coefficients of the designed discrete-time PI controller were set manually. The PI controller parameters are listed 
in Table 2. 

Table 2 Parameters of the discrete-time PI converter 

Parameter Value 

Kp proportional gain 0.01 

Ki integral gain 1 

Output limits [Upper Lower] [1-1] 

Output initial value 0 

Sample time 50x10-6 

Figure 3 shows the DC voltage output simulation. The simulation was run for 0.5 seconds. The vertical axis represents 
the voltage, and the horizontal axis represents the time (s). 

 

Figure 3 DC voltage output simulation 

Analysis of the simulation reveals that after some oscillation, the desired 60 V value was reached. In this case, the 
designed Cuk converter is observed to operate successfully. 

Table 3 shows the time response data of the DC voltage output simulation. Rise time, settling time, and peak time are in 
seconds. Peak voltage is in Volts, and overshoot is in percent. Rise time is taken as the time to reach 90% of the given 
reference value. Settling time is the time to settle within ± 2% of the given reference value. Peak time is taken as the 
time to reach the highest voltage value. Peak voltage is the highest voltage value. 
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Table 3 Time response data of the designed Cuk converter 

Time response data Value 

Rise time (s) 0.022 s 

Settling time (s) 0.079 s 

Peak time (s) 0.059 s 

Peak voltage (V) 63 V 

Overshoot (%) 5 % 

Examining the time response data, it is observed that the system's rise time is 0.022 seconds. In this case, the system 
quickly reaches 90% of the given reference value. The system's settling time is 0.079 seconds. Thus, the system quickly 
settles within 2% of the given reference value. The system's peak time is 0.059 seconds. The peak voltage is 63 volts. 
The overshoot is 5%. It exhibits a small overshoot and quickly reaches the reference value. The time response data show 
that the Cuk converter quickly reaches the desired 60V voltage. 

4. Conclusion 

In this study, the design and simulation of a non-isolated Cuk converter controlled by a PI controller were performed. 
First, the operating principles of the Cuk converter are explained. Next, the Cuk converter was modeled using 
MATLAB/Simulink software. The Cuk converter parameters are presented in a table. A simulation of the Cuk converter 
was performed. The time response data obtained from the simulation were analyzed. An examination of the output 
voltage of the designed Cuk converter revealed a fast rise time, minimal overshoot, and a rapid settling time. The 
designed Cuk converter successfully reaches the desired 60 V value in a short time. 
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