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Abstract— One of the first methods that come to mind in DC power conversion applications is that a Flyback type structure from 

DC converters is simple to install, the circuit cost is lower than other converter types, and it can give more than one output isolated 

by source. In addition, flyback converters, which can produce high output voltages, are widely used in switching power supplies, 

due to their high efficiency. These converters are highly preferred for low power applications. In this study, the Flyback converter 

was analyzed and its mathematical equations were obtained, its design was made according to the given parameters, and the results 

were simulated with a Matlab/Simulink based graphic design. 
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1. INTRODUCTION 

Harmful emissions from oil-derived fuels and the phenomenon of global warming have brought renewable and clean energy 

sources to the fore. It has an important place among renewable energy sources that have no carbon-derived emission, no moving parts, 

and a modular structure [1]. In recent years, many countries have been rapidly expanding their renewable source energy production 

systems with increasing incentives [2-3]. According to the 2019 report of the International Energy Agency's (IEA) renewable energies 

program, its share in global electricity production has reached 23.2% [4]. For a sustainable energy system for humanity, wind energy 

production methods based on renewable green energy sources [5-6], photovoltaic-based energy production methods [7-8], dam or 

canal-based hydraulic power plants [9-10], energy production methods with biogas [11-13], geothermal based energy production 

methods [14] are very important. Many DC converter topologies are available for switching power supplies [15-21]. One of the 

simplest topologies among the isolated DC converter designs is the flyback converter. The absence of coils in the filter circuit at the 

output of the circuit, the use of only a transformer as a magnetic element, and the use of only one semiconductor switch make the 

flyback converter effective [22]. In addition, high output voltage and multiple outputs are the advantages of this flyback converter 

[23].For these reasons, flyback converters have become the most widely used da-da converters among switch-mode power supplies 

[24]. 

2. FLYBACK CONVERTER DESIGN 

The logic of energizing the windings in flyback converters is such that while current passes from the polarity in the primary, no 

current flows from the other or in case of more than one output. Therefore, a transformer movement does not occur. Accordingly, 

when the switch S in the circuit given in Figure 1 turns on, the Vi source voltage is applied to the primary winding. Due to the reverse 

polarity of the secondary winding with respect to the primary winding, the diode D is also reverse polarized and therefore no current 

flows from the secondary [24].  

 

Fig. 1. Circuit model of a flyback converter 

As seen in Figure 2-a, the current to the load is provided by the energy stored in the capacitor C. Since there is a constant voltage 

across the Lp terminals, the increase in primary current will be linear. When the S switch is turned off, the energy stored in the air gap 
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and magnetic core is transmitted to the load via the Ls coil as seen in Figure 2-b. Since there is a constant voltage across the LS 

terminals, the current decreases linearly. The energy stored in the air gap is given in Equation (1) from the primary inductance and 

primary current. 

𝐸 =
𝐿𝑝𝐼𝑃

2

2
 
 (1) 

 

Fig. 2. Flyback converter circuit operating modes; a) S switch on status b) S switch off status 

As can be seen from Figure 3, in the discontinuous state, the secondary current drops to zero and stays at zero for a certain period of 

time, before the switch switches to the next conduction state. The sum of the tone and toff times of the key is approximately 80% of 

the period. The remaining 20% time is called dead time (Td). In the steady state, there is no Td. The secondary current does not drop 

to zero until the next conduction state. The secondary current does not drop to zero until the next transmission state. It is shown in 2 

equations that the mean voltage drop across the coil or transformer winding at steady state is equal to zero. The definitions here are; 

Vi: Input voltage, Vo : Output voltage, ton : Transmission time of semiconductor, toff : Plugging time of semiconductor, Vd : 

Conduction voltage drop of diode, VSW : Transmission voltage drop of semiconductor switch, n : Transformer conversion ratio. 

 

Fig. 3. Figure 3. a) Discontinuous operating state characteristics, b) Continuous operating state characteristics 
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Since the values outside the input voltage are constant in equation (4), the maximum value of the switching time is obtained with 

the smallest input voltage. 
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The primary current will increase linearly as the switch has a constant voltage on the primary coil in the transmission state. The 

current reaches its maximum value, the largest transmission time reaches tonmax. It should be noted that the largest transmission time 

is possible at the smallest input voltage. According to this, the maximum prime r current Ipmax value is given in equation (6). 
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Here, Lp is the primary inductance. This current value is stored in the primary winding (in the magnetic core and air gap) for transfer 

to the secondary winding; When equality (6) is replaced in equality (7), input power equality (8) is obtained. 
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3. FUZZY LOGIC CONTROLLER DESIGN FOR MATLAB / SIMULINK ENVIRONMENT 

 

In many applications, it is possible to see that membership functions with triangular, trapezoidal, gaussian, sigmoid and sinusoid 

structures are used. In the modeling made here, triangular membership functions given by the equation (9) are used as in the previous 

section. In the Simulink environment, x1, x2, x3 are the parameters that represent the exact number whose membership degree will 

be determined, and the location of the triangle membership function in the relevant definite space. Here x2 is the exact value that 

corresponds to the vertex of the triangle, x1 is the exact value representing the location of the edge on the left side of the vertex, and 

x3 is the exact number representing the location of the edge on the right side of the vertex. The fuzzy conclusion mechanism is 

represented by the verbal expression of equation (10). The conjunction “and” here corresponds to the “min” comparison operator 

[25-26]. 
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If e is A and de is B then du is C              (11) 

 

A, B and C parameters correspond to N, S and P fuzzy subsets. The expression given in Equation (11) (If e is A and de is B) 

represents the partial input space. Therefore, the required weight coefficient for each rule is determined by taking the minimums of 

the membership values from the input space. In this expression, e is A and is B part are expressions representing blurring. Therefore, 

the expression (e is A and de is B) represents both the blurring and the determination of the necessary weighting coefficient for the 
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relevant rule.  Output ends shown as mu1, mu2, …mu9 in Figure 4 are the weight coefficient of the fuzzy set corresponding to each 

output defined in the du output space in the 9-rule FLC [27]. It is multiplied by the exact number with the maximum membership in 

the numerator of the central method of the areas given by equation (5). 

 

Fig. 4. Matlab/Simulink model of the statement If e is A and de is B then du is C. 

The clarification method given by Equation (5), the sum of the products in the denominator according to the center of the fields, 

must be divided by the sum of the membership degrees representing the rule weight coefficients. This process can be performed as 

shown in Figure 5. 

 

Fig. 5. Clarification process. 

The block named Blurring given in Figure 4 is a sub-block representing the operations performed with Figure 5, and in the block 

named Fuzzy Rules, e and de are multiplied by du. The fact that the design is in the form of nested sub-blocks will not only save 

space, but also reduce complexity. According to the design logic of FLC systems, it is possible to perform the error input directly or 

by processing the feedback and reference data in the block. It can be done in a block in order to determine the boundaries of the 

membership functions that will enable the FLC work [28-31]. 

 

4. SYSTEM SIMULATION AND EXPLANATIONS 

The model of the Fuzzy logic based controller (FLC) and Flyback converter connected system for the proposed designed 

MATLAB/Simulink environment is given in Figure 6.  
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Fig. 6. Flyback Matlab/Simulink Model 

Circuit parameters of the designed system are given in Table-1. An application scenario has been prepared so that the system can 

generate large output voltages with a small DC input voltage of 10V. The system input voltage is connected to the primary input of 

the coupling inductor. The output end of the primary winding is connected to the MOSFET switch. For the controlled operation of the 

system, the output voltage is planned to work according to a desired scenario.  

 

Table 1: Battery Pack Parameters 

Parameter Value 

Nominal power and frequency [Pn(VA) fn(Hz)] [ 1000 100x103 ] 

Winding 1 and 2  Voltages[V1(Vrms) V2(Vrms)] [500 500] 

Magnetization resistance and inductance [Rm(ohm) 

Lm(H)] 

[10e3 1e-3] 

MOSFET resistance Ron (Ohms) 0,1 

MOSFET Internal diode resistance Rd  (Ohms) 0,01 

Diode Resistance Ron (Ohms) 0,001 

Diode Forward voltage Vf (V) 0,8 V 

Capacitance (F) 100x10-6 

Resistance (Ohms) 10x103 

Simulation type, simulation solver type, sample time (s) Discrete, Tustin,1x10-5 

 

In Figure 7-a), an image of the output voltage is given for a time of 5 seconds. The fuzzy logic-based controller block (FLC), prepared 

for the control of the designed flyback inverter system, is shown in blue in the main system. The FLC processes the error signal, which 

is the difference between a randomly generated, time-varying reference and the voltage signal generated at the output. The u(k) control 

signals of the FLC, which produce a fast output voltage change, are brought to the appropriate electrical amplitude in the PWM block 
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for the MOSFET switch to operate. Thus, the primary of the magnetic coupling creates the necessary electrical impulse signals for the 

secondary winding in order to generate the output voltage. The output voltage (Vo) change signal produced by the flyback converter 

system, which is approximately similar to the reference voltage (Vref) signal given for the desired output voltage change from the 

FLC controlling the single switch in the system, is given in Figure 7-b). The signs are generally quite similar to each other, with the 

differences being related to the simulation time being only 5 seconds. The amount of exceeding the fluctuation level in the output 

signal produced is at an acceptable level. 

 

 

Fig. 7. a) The reference voltage (Vref) sign given for the desired output voltage change from the FLC controller, b) the 

output voltage (Vo) change sign produced by the flyback converter system. 

Figure 8-a) shows the FLC controller output signal series and Figure 8-b) shows the variation of the switch voltage with respect to 

time.Figure-9 shows the graphs of the change of the main branch currents (primary, secondary, capacitor and diode currents) in the 

flyback converter system according to the simulation time. 

 

Fig. 8. a) FLC controller output signal series, b) switch voltage (V). 
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Fig. 9. Fig. 2. Graphs of change of main branch currents (primary, secondary, capacitor and diode current) in flyback 

converter system according to simulation time. 

 

Fig. 10. Detailed changes of magnetizing current (Imag), excitation current (Iexc), magnetic leakage flux (Flux) 

parameters to compensate for the large change in reference between 2.18-2.3 seconds. 
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In Figure 10, as can be seen especially in Figure 7-a), magnetizing current (Imag), excitation current (Iexc), magnetic leakage flux 

between 2.18-2.3 seconds in order to meet the demand for a sudden rise from 320 Volts to 450 Volts. Detailed changes of (Flux) 

parameters are given. The system has met this huge demand with a well designed controller with only 10 V input. In Figure 11, some 

important parameters of the transformer, which is the magnetic coupling element that undertakes the main energy conversion load of 

the system, are examined. In a) from top to bottom, respectively, the output voltage (Vo), the voltage induced in the primary winding 

(Uw1), the voltage induced in the secondary winding (Uw2), the magnetizing current (Imag), the excitation current (Iexc), the 

magnetic leakage flux (Flux) changes are given. 

 

Fig. 11. From top to bottom, respectively, the output voltage (Vo), the voltage induced in the primary winding (Uw1), the 

voltage induced in the secondary winding (Uw2), the magnetizing current (Imag), the excitation current (Iexc), the 

magnetic leakage flux (Flux) changes. 

5. CONCLUSIONS 

In this study, a fuzzy-based control system that can produce the desired voltage with a flyback type DC-DC converter with a small 

voltage source is designed. The model of the system was analyzed theoretically and created in the MATLAB/Simulink environment. 

It is thanks to well-designed circuit elements and fuzzy logic-based controller that the demand to produce a voltage of approximately 

450 Volts, especially with a voltage of 10 Volts at the input, is met. In accordance with the purpose of the system, very large voltage 

signals are produced with small DC voltages. Variable instantaneous input references have proven by simulation results that the system 

works without being affected by transients, that is, without any power interruption, produces the desired voltage, and that the system 

is stable. Although the system works quite efficiently with this simulation, it needs to be tested for situations other than normal 

operating conditions under a real load. 
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