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ABSTRACT 

This paper proposes a set of design techniques to build a DC-DC 

converter for the interconnection of different sources of renewable energy with 

storage elements and flexible load profiles. This type of multifunctional DC-

DC converter is essential to provide the dispatch of energy generation to 

storage connected to the DC bus or allow energy exchange with the AC 

network, with different decision modes as a function of the state of charge of 

batteries, with the forecast of the consumption of a house with renewable 

production. This work emphasizes the application of a method to design 

switched mode flyback converters with current control capabilities on the 

output side. The paper discusses in detail the design of the different parts of 

the converter: the power circuit, the control signals and the auxiliary power 

supply. The experimental results obtained with the prototype of the DC-DC 

converter built validate the theoretical analysis and the proposed design 

techniques. Moreover, the results demonstrate the good dynamic performance 

of the converter, which exhibits a good current control capability on the 

output side, being able to follow closely the reference value in a very short 

period of time, and ensuring at the same time a stable steady-state response. 

Key words: DC–DC Converters, Flyback Topology, Current Control, 

Renewable Energy. 
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1. INTRODUCTION 

The two main methods to reduce consumer energy costs in a house are improving 

energy efficiency and increasing the use of renewable energy sources. In the last case, 

there is a problem related to the fact that most of the energy produced by these 

sources do not match the home energy consumption. The solution to this problem may 

reside in the use of energy storage devices in order to adjust the energy generation to 

the consumption demand. 

On the other hand, to promote efficiency in distribution networks, it is convenient 

to locate the energy storage devices closer to the consumer loads, thus reducing losses 

in the distribution of electricity as well as increasing the voltage stability [1]. 

Another positive aspect of locating the energy storage near the loads is to give 

consumers the ability to be energy suppliers as well, making them an active element 

of the investment needed to shift from a carbon-based to a renewable energy-based 

economy. In this context, there is a need to develop energy storage modules for low 

voltage end-users. These modules can then be integrated and linked with generation 

modules of different technologies and different manufacturers [2]. 

The work reported in this paper is part of a broader work, whose main goal is to 

develop a multifunctional DC/AC power supply system for a home with renewable 

energy generation, in the context of a liberalized energy market. Fig. 1 shows the 

power system built with the multifunctional DC/AC system. The different renewable 

energy sources, as well as the energy storage devices - batteries and supercapacitors - 

are interconnected through different DC-DC converters. The DC bus supplies a DC 

load and is interconnected to the grid through an inverter and an autotransformer for 

adapting the voltage level. This allows the bidirectional exchange of energy between 

the DC bus and the AC network. The inverter is responsible for the regulation of the 

voltage in the 24 V DC bus. This voltage value was selected because it eases the 

association of storage and production devices and is sufficient to supply the load 

without leading to excessive current values. 
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Figure 1 Developed multifunctional DC/AC power supply system. 

A dispatch algorithm, in conjunction with the controlled DC-DC converters, 

regulates the current value that each storage element or renewable source supplies to 

the DC bus.  

2. COMMON DC-DC CONVERTER TOPOLOGIES  

Different topologies can be used in DC-DC converters, which generally are grouped 

into two main categories: non-isolated and isolated converters. 

Table I shows a comparison of the most common types of DC-DC converters [3-

6]. 

TABLE I Common Types of DC-DC Converters 

Topology Isolated Cost Magnetic Components 
Universal 

input? 

Vout < Vin 

range 

Vout > Vin 

range 

Buck No 1 Inductor No Yes No 

Boost No 1 Inductor No No Yes 

Buck –Boost No 1 Inductor No Yes Yes 

Sepic No 1.2 Two Inductors No Yes Yes 

Cuk No 1.2 Two Inductors No Yes Yes 

Flyback Yes 1.5 Transformer Yes Yes Yes 

Forward Yes 1.8 Transformer and Inductor Yes Yes Yes 

Push-Pull Yes 1.8 Transformer and Inductor No Yes Yes 

Half Bridge Yes 2 Transformer and Inductor Yes Yes Yes 

Resonant LLC Yes 2 Transformer Yes Yes Yes 

Among the configurations mentioned in Table I, the flyback and the resonant LLC 

converters are the isolated converters with the smallest number of magnetic 

components [3]. In addition, the flyback converter is the one that presents less 

electronic components [7]. 
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Flyback converters have been an attractive solution in various power conversion 

applications due to their topological advantages such as simple structure, low cost, 

and galvanic isolation between the input and output sides [8, 9]. 

Given these advantages, the flyback converter was the adopted topology for all 

DC-DC converters shown in Fig. 1. 

3. OPERATING PRINCIPLE OF FLYBACK CONVERTERS 

A. Topology 

Fig. 2 shows the topology of a flyback converter [10]. Initially, the power switch is 

closed to allow the circulation of current in the primary circuit of the transformer, 

being the energy stored in its magnetic circuit. Next, the power switch is opened and 

the energy stored in the core is transferred to the secondary circuit of the transformer, 

feeding the load [11]. 

VOUT Load

VIN

+

-

+
IIN IOUT

T1

Driver
circuit

C1

-

D1

MOS1

 

Figure 2 Topology of a flyback converter 

B. Operation mode 

There are two distinct operation modes for flyback converters: the continuous mode 

and the discontinuous mode [10], [12]. Fig. 3 shows the typical waveforms for these 

two operation modes. 

The discontinuous mode happens when all energy stored in the transformer during 

an energy storage period (“on” period) is transferred to the output during the flyback 

period (“off” period) while in a continuous mode, part of the energy stored in the 

transformer during the “on” period remains in the transformer at the beginning of the 

next switching period [5], [12], [13]. 

 

Figure 3 Current waveforms for the two operation modes of a flyback converter. 

As can be seen in Fig. 3, in the continuous mode the current in the primary side of 

the transformer has a higher initial value. This higher current leads to higher 

switching losses in the converter, and requires s transformer with a higher inductance, 

thus increasing its size and cost [14], [15]. 
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Hence, the DC-DC converter designed in this paper is to be operated in a 

discontinuous mode, in order to have lower losses in transformer and a higher 

converter efficiency, but still being able to maintain a high voltage level at the output 

side. 

4. PROPOSED CONVERTER 

A. Design 

The Flyback transformer used in the converter is the ETD49 type for high 

frequencies, with four windings in the primary side and six windings in secondary 

side. 

The power switch adopted for the converter is the MOSFET IRFB4332PBF 

because it has a high repetitive avalanche voltage (300 V), a low static drain-to-source 

on-resistance (29 mΩ at 10 V), a high repetitive peak current capability for reliable 

operation and short fall and rise times for fast switching. 
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Figure 4 DC-DC flyback converter 

The gate-emitter voltage applied to the MOSFET is produced by pulse width 

modulation (PWM) from the output of the integrated circuit (IC) 555 CN. As the 

output of this IC cannot be connected directly to the MOSFET gate, an interface 

between the control signal and the power module is used, consisting in a bipolar 

transistor 2N2222A (Fig. 5).  

1N4148

1N4148

8.06 k  

25   

1 k  

2N2222A

IRFB4332PBF

4.7 nF

PWM
OUT IC 555 CN

1.4 k  

VCC1

GND1

 

Figure 5 Interface between the control signal and the power MOSFET. 

The diode 1N4148 connected between the emitter of the transistor and the PWM 

control signal allows to impose a zero voltage level to the MOSFET gate, thus 

blocking the MOSFET whenever the PWM signal goes low. When the PWM signal 

goes high, the other 1N4148 diode polarizes the base of the transistor, putting it in a 

conducting state, appearing in this way a high voltage signal at the emitter terminal. 
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This high voltage level will also appear at the gate of the MOSFET, putting it in a 

conducting state. 

The 25 Ω resistor, connected between the emitter of the transistor and the gate of 

the MOSFET, mitigates the fluctuations due to the parasitic capacitance of the 

MOSFET gate, facilitating the switching operation. The 4.7 nF capacitor connected 

between the gate and the source of the MOSFET ensures the stabilization of the gate 

voltage. 

B. Pulse width modulation 

For the production of the pulse width modulated control signal, two oscillators 555 

are used, as shown in Fig. 6. The first, of P-type, can operate up to a maximum 

frequency of 500 kHz, and is configured as a stable oscillator. It will oscillate without 

any external trigger, in order to produce an intermediate PWM signal, with an 

adjustable duty-cycle with the aid of the 2.2 kΩ potentiometer. 

To maintain a constant switching frequency, a special assembly was made, where 

the output of the PWM intermediate PWM signal is taken from the discharge pin of 

the IC 555P instead from its output pin. When the circuit in Fig. 6 is turned on, the 

trigger pin of the IC 555P is in a low voltage state, as the capacitor of 3.3 nF is 

discharged. This begins the oscillator cycle, causing the output pin to go into a high 

state. 
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Figure 6 Generation of the PWM control signal 

As soon as the output goes high, the capacitor of 3.3 nF begins to charge through 

the left side of potentiometer 2.2 kΩ and the left diode D1N5818.  

When the voltage at the capacitor of 3.3 nF reaches 2/3 of 12 V (VCC1=12 V), the 

threshold pin is active, which in turn causes the output and discharge pins to go to a 

low voltage level. In the next step, the capacitor of 3.3 nF starts to discharge through 

the right side of potentiometer 2.2 kΩ and the right diode D1N5818. When the 

voltage at the capacitor of 3.3 nF drops below 1/3 of 12 V, the output and discharge 

pins go to a high voltage level and the cycle repeats. 

The value of the charge and discharge resistor, set by the position of the 

potentiometer, influences the duty cycle of the intermediate PWM signal, but the 

period of this signal is always constant, as it is determined by the sum of the two 

resistors, which in Fig. 6 corresponds to the value of the potentiometer resistance. 

Thus, in the proposed circuit, the PWM frequency is maintained constant, whatever 

the duty cycle requested. The theoretical frequency of this intermediate PWM signal 

is given by [16]: 
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Frequency = 1.44/ (Output resistance*Capacity in the trigger and threshold pin). 

The discharge pin of IC 555P is connected to a resistor of 10 kΩ, and provides the 

intermediate PWM signal to drive the second oscillator, being connected to its trigger 

and reset pins. 

The second 555 is of CN-type, and can oscillate up to a maximum frequency of 

2.1 MHz. The output signal of this IC 555 CN is identical to its input (the 

intermediate PWM signal) if the control pin has a voltage greater than 5.1 V and a 

voltage near 0 V otherwise. The value of this threshold voltage (5.1 V in this design) 

is set by the voltage divider connected to the threshold pin, taking into account the 

following relations: 

2

1 2+
OUT in

R
V V

R R


          (1) 

Considering R1=680 kΩ, R2 =510 kΩ and Vin=12V, one obtains VOUT=5.1 V. 

C. DC-DC converter control 

Two main methods can be used for controlling the duty cycle of the DC-DC converter 

while keeping the output voltage within the desired range: the voltage control mode 

and the current control mode. 

In the voltage control mode, the output voltage is measured and compared with 

the desired output voltage. An error is generated and amplified by a differential 

amplifier and then it may be used in a comparison with a ramp signal to produce the 

PWM signal [17]. 

The current control mode is implemented with the use of a sensing resistor or 

current sensor in the secondary side of the transformer, in series with the load (see 

Fig. 4). The current is measured and converted into a voltage signal being then 

compared with a reference voltage. The reference voltage corresponds to a previously 

converted current value (desired output current) [18]. An error signal is generated, and 

after being suitably conditioned by a differential amplifier, a hysteretic control signal 

is obtained producing the appropriate duty cycle [19]. 

The current control mode has greater flexibility with regard to limiting the output 

current, a faster response to load variations, and offers the possibility of connecting 

different DC-DC converters in parallel, with an easy management of the load sharing 

[20]. Having this in mind, it was decided to use a current control mode in the DC-DC 

converter here proposed. 

The basic scheme of the designed current control system is shown in Fig. 7, where 

a proportional controller is used to accelerate the response of the system to variations 

in the reference (desired) output current. 
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Figure 7 Diagram of the current control system 
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The current supplied to the load by the DC-DC converter is measured with a 

CMS3005 Hall effect sensor that ensures the isolation between the secondary side of 

the flyback transformer and the control circuitry. This sensor has a very high 

bandwidth (2 MHz) and was connected in a serial configuration, allowing it to 

measure currents ranging from -5 A to 5 A. When this sensor is powered with ±15 V 

it provides an output voltage in the range of -10 V to 10 V. To reduce noise effects, a 

low pass-filter with a cut-off frequency of 3 MHz is connected at the output terminals 

of this current sensor. 

A dSPACE platform generates a reference voltage signal between 0 V and 10 V, 

corresponding to the reference (desired) load current delivered by the DC-DC 

converter to the DC bus. The difference between the output voltage of the current 

sensor and the reference voltage given by dSPACE is detected by a differential 

amplifier LM6171 with a slew rate of 3600 V/μs and a bandwidth of 100 MHz, which 

also performs the amplification of the error signal. Considering an offset error of 1 

mV (0.02% error) introduced by the output channels of dSPACE, and an error of 

2.47% (247 mV) introduced by the current sensor (in extreme conditions), plus some 

safety margin, a maximum error of 250 mV was considered, which corresponds to an 

error of 250 mV/10000 mV=2.5%. 

Knowing that the IC 555 CN, with a voltage lower than 5.1 V in the voltage 

control input does not generate any PWM signal in its output pin, one can draw the 

diagram shown in Fig. 8. 

Does not allow the 
output of the 
modulation

Allows the output of the modulation

0 V 5V 5,1V x=200V  

2,5% 97,5%

 

Figure 8 Modeling a function for the voltage at the control input. 

In practical terms, the LM6171 output voltage can never reach 15 V due to 

saturation. Considering, for the differential amplifier, an input resistance Re of 2.4 kΩ, 

and the relation 

 2 1-
f

O

e

R
V V V

R


,           (2) 

Where 
OV  is the voltage in the output (200 V), 2V  is the maximum voltage that 

may be applied at the inputs (10 V) and 
1V  is the minimum voltage value at the inputs 

(0 V), one obtains a value of 48 kfR    for the two output resistors of the differential 

amplifier. 

The signal obtained at the output of LM6771 is then isolated with an ISO124 

precision isolation amplifier configured with a unit gain, thus obtaining the control 

signal (CS signal) for the IC 555 CN. 

D. Auxiliary power supplies 

An aspect that cannot be neglected is the power supply of all electronics needed for 

the generation of the control signals of the entire DC-DC converter. The three 

auxiliary voltages needed, VCC1, VCC2 and VCC3, are obtained with the aid of auxiliary 

DC-DC converters, as shown in Fig. 9. The entire supply system may be fed from a 

variable input voltage in the range of 18-75 V. 
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Figure 9 Auxiliary power supply 

In Fig. 9, the diodes 30CTH03 prevent the current flow in reverse direction and 

the 10 μF capacitors on the left side of the auxiliary DC-DC converters ensure 

protection and voltage stabilization. The capacitor of 10 μF on the output side of TEN 

WI-4812, allows the stabilization of its output voltage around 12 V. This is important 

for the proper generation of the PWM signal by the two oscillators with a frequency 

of 200 kHz, whose value depends on the charge time and discharge time of the 

capacitor of 3.3 nF. 

The current sensor CCMS3005, the differential amplifier LM61171 and the input 

stage of ISO124 are supplied with symmetrical voltages of Vcc2=±15 V, obtained with 

the converter TEM 6-4823 WIN. It should be pointed out that this converter provides 

full isolation between the input and output sides. 

The output stage of ISO124 is fed by a third auxiliary symmetrical voltage of 

Vcc3=±15 V. 

E. RC Snubber for the MOSFET 

DC-DC converters with PWM have not an ideal behavior, leading to voltage and 

current waveforms with some oscillations that are primarily caused by the circuit 

parasitic capacitances. These oscillations must be adequately suppressed, as they can 

cause malfunctions or even the failure of the semiconductors (namely the MOSFET), 

if they reach high levels [21]. 

In the following, a set of theoretical methods and practical techniques for the 

design of a RC snubber circuit for the MOSFET are presented. 

In a first step, the circuit was assembled without any snubber in parallel with the 

MOSFET and without the limiting RCD network for the transformer, whose design 

will be described in the next subsection. 

The purpose of this test was to analyze the behavior of the voltage between the 

drain and the source of the MOSFET (VDF). In this test, the DC-DC converter was 

supplied with 18 V, with a resistive load of 1 kΩ connected to its output. The voltage 

waveform corresponding to VDF was recorded with a Tektronix DPO 2014 

oscilloscope, as shown in Fig. 10. 

 

Figure 10 MOSFET Drain-to-source Voltage (VDF) without snubbers 
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The large high-frequency oscillations visible in the waveform shown above occur 

due to the resonance between the inductance of the transformer and the parasitic 

capacitances of the circuit. The goal now is to eliminate these oscillations in order to 

prevent damages to the MOSFET, or even power oscillations on the transformer 

secondary side. 

A RC snubber is connected between the drain and the source of the MOSFET, 

consisting in a series connection of a resistance, whose value must be chosen correctly 

to dissipate the energy associated with the ripple, and a capacitor to ensure that the 

power dissipated in the resistance is not excessive. 

The sizing of the snubber components involves the measurement of inductance of 

the transformer. For this purpose, a BK PRECISION 889A LCR meter was used, with 

a short circuit is applied across the secondary of the transformer, and the impedance 

being measured from the primary side. A value of -9 = 93 10  HL   was obtained. 

The ringing oscillation frequency was measured based on the VDF waveform (see 

Fig. 10), being obtained a value of fr=12.5 MHz. The characteristic impedance of the 

resonant circuit, given by Z=2πfrL, is 7.5 Ω. The ringing will be well damped if the 

snubber resistance is set equal to the impedance of the resonant circuit R=Z. The 

resistance used in practice was 6.8 Ω (5 W), value available on the market. 

The impedance of the capacitor at the ringing frequency should be set equal to the 

snubber resistance (C=1/(2πfrR)) [22]. Thus, the snubber capacitor C is chosen with 

the value 1.74 nF. In practice, a value of 1.8 nF was used, which is available on the 

market. 

The power dissipated in the snubber can be calculated by [22]: 

Psn=CV
2
fs          (3)  

Considering that a drain-to-source voltage of the MOSFET, in normal operation, 

less than 100 V, a capacitance C=1.8 nF and the switching frequency fs=200 kHz, a 

power of Psn=3.6 W is calculated. In practice, a value of 5 W was chosen for the 

power of the snubber resistor. 

Fig. 11 shows the obtained results regarding the operation of the DC-DC 

converter with the designed RC snubber. Comparing these results with the ones 

shown in Fig. 10, it can be seen the effectiveness of this snubber, as the ringing is 

almost absent. 

 

Figure 11 MOSFET drain-to-source voltage with RC snubber. 
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F. Primary RCD Clamp for Flyback Converter 

An RCD clamp circuit is needed to absorb the energy stored in the transformer 

leakage inductance once the MOSFET drain voltage exceeds the clamp capacitor 

voltage. 

Even with a very light load level in the converter, the capacitor will always be 

charged up to the voltage reflected from the secondary side of the converter, Vf. As 

the load level increases, more energy will flow into the capacitor, and the voltage will 

rise by an additional amount, Vx, above the ideal square wave flyback voltage (Fig. 

12). 

The primary inductance of the transformer Lp@200 kHz is 42.855 μH. Since Ts 

=1/(200x10
3
) s, in order to avoid the converter to leave the discontinuous mode, one 

considered TON=0.48Ts=3.43×10
-5

 s. 

 

Figure 12 Voltage in capacitor of the RCD limiter 

The DC-DC converter to be designed is intended to have an output voltage Vdc=24 

V. Hence, the peak primary current will be given by [22] 

( -1)
1.29 Adc ON

p

P

V T
I

L
            (4) 

Considering a minimum input voltage Vin (min)=24 V, 50 VxV   and 250 Vmáx

xV  , 

where máx

xV  is the maximum avalanche voltage VDS of the MOSFET, one obtains 

(min)- - =176 Vmáx

f x x inV V V V         (5) 

The resistance can now be given by [20]: 

max

2

2 (
876.3 k

)x s f x

sn

p

V T V V
R

LI


            (6) 

In practice, a value of 860 kΩ was adopted.  

The snubber capacitor must be able to maintain the voltage constant while 

absorbing energy, and may be calculated using the relation [23]: 

,sn
sn

sn sn s

V
C

V R f



          (7) 

Where snV  is the maximum allowed voltage variation, being normally set 

between 5% and 10%. In this design, a value of 5% was considered. 

The voltage snV  can be seen from the secondary to the primary as 2.5×Vdc, where n 

is the transformation ratio of the transformer. A value of CSn=1.03 μF is obtained, so 

any value with higher capacity can be used. In the present design, a value of 75 μF 

was adopted. 
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The power dissipated in the RCD clamp circuit is given by 

2( )x f

sn

V V
P

R


 ,           (8) 

thus obtaining a value of 58.28 mW. 

G. Output filter capacitor 

An output filter should be used in the DC-DC converter in order to obtain a stabilized 

load voltage. In the flyback topology, the minimum output filter capacitor C0, is given 

by [15]: 

0

0

( - )s off

C

I T T
C

V
 ,          (9) 

where 0I  is the maximum output current (considered as 2 A), offt is the blocking 

time and 
CV  is the allowed voltage variation in the capacitor, here considered as 5 mV. 

The value obtained for 0C  is 960 μF. In the present design, a value of 2000 μF was 

used in practice. 

5. EXPERIMENTAL VALIDATION 

A. Laboratory prototype 

Following the design rules presented in the previous section, a prototype of the 

designed flyback DC-DC converter was constructed, as shown in Fig. 13. 

 

Figure 13 Prototype of the flyback DC-DC converter. 

This DC-DC converter was then tested, according to the test setup shown in Fig. 

14. 

24 V
DC-DC

CONVERTER
Voltage source

EA-PS 2084-10 B
Voltage source 

Topward 6302 D18 - 75 V RC

IF1 IDC IF2

IC

Control of IDC through voltage 
VDSP  

Figure 14 Experimental setup for testing the DC-DC converter 
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The input side of the DC-DC converter was connected to a voltage source of 24 V. 

To emulate the real working conditions of each DC-DC converter when integrated 

into the system shown in Fig. 1, a second voltage source of 24 V is connected to the 

output side of the DC-DC converter under test. The role of this voltage source is to 

impose a constant voltage to the common DC bus. Moreover, the output is also 

connected to a resistive load Rc =16 Ω. The reference value of the DC-DC converter 

output current (IDC in Fig. 14) is controlled with the aid of an adjustable voltage 

source, whose output signal will serve as the basis for controlling IDC. 

B. Experimental results 

For each value of the adjustable voltage, different quantities were recorded, being 

presented in Table II. 

As can be seen, the current IDC is almost proportional to the control voltage VDSP, 

which is what could be anticipated from the design stage of the DC-DC converter. 

TABLE II Behavior of the DC-DC Converter for Different Values of the Controlled Output 

Current 

Control VDSP 

(V) 

IF1 

(A) 
IF2 (A) 

IDC 

(A) 

DC-DC converter 

efficiency (%) 

0 0.08 1.49 0 0 

0.1 0.09 1.48 0.01 11 

0.2 0.09 1.47 0.02 23 

0.3 0.18 1.42 0.07 39 

0.4 0.42 1.25 0.23 57 

0.5 0.59 1.12 0.37 62 

0.6 0.82 0.96 0.53 65 

0.7 1.15 0.74 0.72 63 

0.8 1.47 0.63 0.84 57 

0.9 1.78 0.49 0.98 55 

1 2.21 0.27 1.15 52 

The efficiency of this converter was also evaluated for different values of the 

output current, and it is shown in the last column of Table II. 

Considering the operation of the DC-DC converter between 0 A and 1 A, its 

maximum efficiency is obtained typically in the range of 50-70 % of rated load. 

Fig. 15 shows the input current and voltage waveforms obtained with the 

converter operating at 40 % of rated load. One can see that while the voltage remains 

approximately constant (it is imposed by the voltage source), the input current 

waveform resembles a sawtooth due to the operation of the converter in discontinuous 

mode. 

 

Figure 15 Voltage and current at the converter input at 40% of rated load. 
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Fig. 16 and Fig. 17 show the output voltage and current waveforms for two 

different DC-DC converter load levels. As can be seen, both waveforms are very 

stable and follow the expected values. 

 

Figure 16 Output voltage and current waveforms for an output reference current of 0.5 A. 

 

Figure 17 Output voltage and current waveforms for an output reference current of 1 A. 

Having validated the good steady-state behavior of the constructed DC-DC 

converter, it is also important to test its dynamic behavior, namely its ability to track 

quickly the reference value of the output current. With this purpose, the reference 

voltage signal (which is proportional to the output reference current) is generated with 

the dSPACE platform and a current step with an amplitude of 1 A is imposed at t=0 s. 

The obtained results are shown in Fig. 18, and demonstrate that the converter only 

needs a few tens of milliseconds to reach the desired output current. Given the needs 

of the target application of this DC-DC converter, the response can be considered 

almost instantaneous. 

 

Figure 18 Dynamic response time of the DC-DC converter for a reference current step of 1 

A. 

6. CONCLUSION 

This paper presents a set of design criteria for building flyback DC-DC converters for 

the interconnection of different sources of renewable energy with energy storage 

elements and flexible load profiles to a common DC bus. This power system requires 
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the use of DC-DC converters with the ability to regulate the output power injected 

into the DC bus through the regulation of their output currents. 

For this purpose, a prototype of the designed DC-DC converter was built and 

tested in the laboratory. The obtained results demonstrate a fast and accurate 

regulation capability of the output current through the use of a voltage control signal 

which, in practice, may be generated by an energy management system according to 

some specific algorithms. 

The proposed DC-DC converter exhibits a very good dynamic behavior and a 

stable steady-state response, while ensuring isolation between its input side, output 

side and control circuitry. 

The presented design methodology was validated experimentally and can be easily 

used in the design of flyback DC-DC converters for different purposes. 
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