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ABSTRACT 

The wireless charging of electronic devices, such as electric vehicles, is an alternative that promises comfort and 

convenience to the user. The resonant converters are an important alternative for the implementation of power conditioning 

circuits with an excellent density/power ratio, this backed by high efficiency and the possibility of switching the transistors 

to low currents and voltages. A limitation of the wireless charging systems of a resonant nature is the dependence between 

the parameters of the resonant filter and the power delivered to the load. In this work, a control alternative for a resonant 

DC-DC converter is presented. The simulation results validate the proposed hypothesis, in which the possibility of 

obtaining a DC-DC resonant converter operating at the maximum power predicted by the tank before variations in its 

parameters is manifested. 
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INTRODUCTION 

The saving and efficient use of energy is a subject 

of great relevance at present. One of the most accepted 

forms of energy saving at an international level is the 

incorporation of power conditioning systems based on 

electronic systems, equipped at the same time with an 

energy management system that obeys a set of policies 

defined by users. The electronic power converters 

represent a particular case of power conditioning systems 

because they have become ubiquitous stages in energy 

management systems. 

Electronic power conditioning systems 

increasingly use converters based on resonant inverters 

[1], such as seen in Figure-1. The above is motivated to a 

great extent because of the devices of the resonant inverter 

switch to low voltages and currents (soft switching), which 

implies lower losses due to switching [2]. The resonant 

inverter produces output voltages and currents in the form 

of a sine wave (for frequencies close to the resonance 

frequency) resulting from the resonance of a tank circuit, 

that is, formed by inductances and capacitors [3], [4]. 

Generally, the resonant inverter is used to couple in AC 

the different stages of a power conditioning system from a 

DC input [3], [5], [6]. The resonance frequency of a 

resonant inverter is conveniently selected to reduce the 

size of the circuit inductor or transformer, that is, high 

switching frequencies. 

Recent publications have proposed self-excited 

resonant inverters that operate at the resonance frequency 

in the order of Megahertz [2], [7]–[10]. Said resonance 

frequency depends exclusively on the parameters of the 

tank circuit. This implies that small variations in the 

parameters of the circuit resulting in large frequency 

variations and consequently reduction of the output power. 

In this work, a proposal of a series DC-DC resonant 

converter is made as an alternative to solve the problem of 

variation of parameters of the tank circuit and the load 

[11]. Initially, an analysis is made of the proposed 

converter and the series resonant architecture used as a 

tank circuit. Then, a description and analysis of the 

controlled series resonant converter are made using a 

tracking algorithm of the maximum power point. Finally, 

the results obtained through simulations for the proposed 

converter are presented. 

 

 
 

Figure-1. Block diagram of the resonant DC-DC 

converter. 

 

SERIES RESONANT CONVERTER (SRC) 

ANALYSIS 

 

Circuit Description 

Figure-2 shows the typical circuit of a DC / DC 

converter that uses a series resonant inverter.  As can be 

seen, the DC/AC converter consists of a MOSFET H-

bridge inverter, meanwhile, the resonant circuit is an L-C 

tank, coupled with the AC/DC output converter through a 

transformer. 

 

 
 

Figure-2. Series resonant converter. 

 

mailto:ramon.alvarez@unisucre.edu.co


                                VOL. 16, NO. 18, SEPTEMBER 2021                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              1887 

Equivalent Circuit 

A model based on the first harmonic 

approximation is used to obtaining an equivalent circuit to 

represent the effect of rectifier and load. Analysis of SRC 

is done using AC analysis method in which the equivalent 

the square wave input voltage and the equivalent AC 

resistance replace the inverter and output rectifier [12]. 

The equivalent circuit of SRC is given in Figure-3.  

Figure-3 shows a series resonant inverter circuit 

with resistive loading. If the switching transients of the 

inverter are not of primary interest, the inverter output 

may be replaced with an equivalent source. Figure-3 

shows a simple equivalent circuit representation of a 

system in which the transformer and load are represented 

by a referred RL impedance and the inverter output is 

represented by an equivalent square wave source. The 

system equation is given by the following KVL Eqn. (1). 

 

 
 

Figure-3. Equivalent SRC circuit. 

 

vL + vR + vC = vS                                               (1) 

 

Using: 

 

iL = C ∙
dvc

dt
⁄ , vL =  L ∙ d2

dt2⁄ . and vR = R ∙ iL 

 

The system equation, expressed in terms of the 

capacitor voltage, 𝑣𝑐, is as shown in Eqn. (2): 

 
𝑑2𝑣𝐶

𝑑𝑡2 +
𝑅

𝐿

𝑑𝑣𝐶

𝑑𝑡
+

𝑣𝐶

𝐿𝐶
=

𝑣𝑆

𝐿𝐶
                                               (2) 

 

 For a response of   that is under-damped, the 

roots of the characteristic equation of the above system 

equation are complex. Defining 2𝛼 = 𝑅
𝐿⁄   and the series 

resonant frequency, 𝜔0 = 1
√𝐿𝐶

⁄ , the pair of complex 

roots may be written as Eqn. (3): 

 

s1,2 = −α ± √α2 − ω0
2                                               (3) 

 

From which we see that the damped resonant 

frequency is: 

 

ωd = √α2 − ω0                                                              (4) 

 

The admittance of the series RLC branch at the 

frequency is given by Eqn. (5): 

 

Y(jw) =
1

jwL+R+1/jwC
=

1

R

2α(jw)

(jw)2+2α(jw)+ω0
2     (5) 

 

In terms of the quality factor, Q, defined as 
𝜔0

𝛼⁄ , 

we can write the Eqn. (5) as Eqn. (6): 

 

𝑌(𝑗𝑤) =
1

𝑅

(1/𝑄)(𝑗𝑤/𝑤0)

(𝑗𝑤/𝑤0)2+(1/𝑄)(𝑗𝑤/𝑤0)+1
                                 (6) 

 

Using circuit elements with a higher 𝑄 value will 

result in a sharper or more selective 𝑌(𝑗𝜔) characteristic, 

but then the peak voltage across the capacitor which is 

equal to 𝑄  times the source voltage at resonance will be 

correspondingly higher. 

Let’s now consider a circuit proposed in [12] 

where 𝑅 = 12𝛺, 𝐿 = 231𝑚𝐻, 𝐶 = 0.1082251𝜇𝐹, and 

𝑉𝐷𝐶 has a value of 100 volts. Since the power delivered to 

the load resistor, R, is 2R, the current, i, is controlled by 

varying the frequency of the square wave inverter output. 

The fundamental component of the square wave 

voltage of magnitude 𝑉𝐷𝐶 has a peak value of 4𝑉𝐷𝐶/𝜋, or a 

RMS value of 4𝑉𝐷𝐶/𝜋√2.  For the given values of RLC 

and 𝑉𝐷𝐶, a maximum power of 675.47 W is deliverable to 

R at the resonant frequency of 200x103 rad/sec. Figure-4 

shows the plots of the admittance of the series RLC circuit 

at the power deliverable to R with the fixed dc voltage 

close to its resonant frequency. 

 

 
 

Figure-4. Admittance of the series RLC circuit at the 

power deliverable to R with the fixed dc voltage 

close to its resonant frequency. 

 

POWER CLOSED-LOOP CONTROL DESIGN 

BASED ON PERTURB AND OBSERVE (P&O) 

ALGORITHM 

 

Block Diagram of the Proposed Control System 

Figure-5 describes the blocks of the series 

resonant converter with maximum power point tracking or 

MPPT. The square wave inverter operates as a voltage 

controlled power oscillator (VCO), where the output 

frequency is a function of the input voltage derived from 

the block of maximum power point tracking, this 
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is𝑓𝑆(𝑣[𝑘]). The function of the MPPT algorithm is to 

ensure that the converter operates at the resonant 

frequency regardless of variations in circuit parameters. 

The MPPT is developed through the implementation of the 

technique of perturb the input voltage to the VCO and 

observe the variation of power. The control block based on 

the P&O algorithm takes advantage of the current 

measurement in the SRC output network to recalculate the 

voltage reference that must be provided to the VCO. 

 

 
 

Figure-5. Block diagram of the proposed control system. 

 

Perturb and Observe Algorithm (P&O) 

The logic of the P&O algorithm and the 

flowchart are explained in Figure-6 [11]. The operating 

voltage of the VCO is perturbed by a small increment of K 

and this resulting change in frequency and output power. 

If the power changing is positive, the perturbation of the 

operating voltage (operating frequency) needs to be in the 

same direction as the increment. On the contrary, if the 

power changing is negative, the obtained system operating 

point moves away from the MPPT and the operating 

frequency needs to move in the opposite direction of the 

increment. When the MPPT is reached, the output power 

of converter oscillates around the maximum. 

 

 
 

Figure-6. The logic of the P&O algorithm and flowchart. 

SIMIULATION RESULTS 

Figure-7 describes the block diagram used to 

simulate the proposed control scheme. The simulations 

have been developed in Matlab-Simulink, following the 

methodology of the first harmonic analysis, which is 

guaranteed by the implementation of low-pass filters [12]. 

It can be seen that the square wave inverter bridge has 

been implemented as a power VCO, where the angular 

frequency is calculated by a proportional-integral block 

from the voltage setpoint provided by the P&O block. 

 

 
 

Figure-7. The logic of the P & O algorithm and flowchart. 

 

Figure-8 and Figure-9 presents the simulation 

results obtained for the evaluation of the proposed control 

scheme for the SRC. Figure-8 shows the time evolution of 

the output power.  We can see the influence of the P&O 

algorithm on the output power (Pout compensated). It is 

noted that said compensation allows extracting the 

maximum power from the SRC. On the other hand, Figure- 

9 shows the time evolution of the used signal as a 

frequency reference, which is calculated by the P&O 

algorithm in each time evolution of the use signal as a 

frequency reference control cycle. It can be seen that for 

the given system, the frequency setpoint is updated to 

force the SRC to deliver its maximum power. 

 

 
 

Figure-8. Time evolution of the output power. 
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Figure-9. Time evolution of the used signal as a 

frequency reference. 

 

CONCLUSIONS 

The simulation results allow the control system to 

also provide the development of a self-excited DC-DC 

converter. Operating at maximum power allows 

compensating leakage losses typical of a resonant 

converter. 

The MPPT algorithm uses only one current 

sensor, from which the power trend can be inferred, which 

facilitates the implementation of the proposed converter. 

In the case of operating with non-resistive loads, it is 

essential to measure the output voltage of the converter. 

The proposed converter tends to operate at low 

frequencies during the start transient, so a technique must 

be implemented to mitigate the negative effects that this 

may cause for the load. 
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