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Abstract - This article provides a classification of high 

efficiency switching power-gyrator structures and their use as 

cells for energy processing in photovoltaic solar facilities. Having 

into account the properties of these topologies presented in the 

article, their inclusion in solar facilities allows increasing the 

performance of the whole installation. Thus, the design, 

simulation, and implementation of a G-type power gyrator are 

carried out throughout the text. In addition, in order to obtain 

the maximum power from the photovoltaic solar panel, a 

maximum power point tracking (MPPT) is mandatory in the 

energy processing path. Therefore, the practical implementation 

carried out includes a control loop of the power gyrator in order 

to track the aforementioned maximum power point of the 

photovoltaic solar panel. 

Keywords – DC-DC power converters, Power gyrators, 

Photovoltaic solar panels, Maximum power point tracking 

(MPPT). 

I. INTRODUCTION 

In general, photovoltaic subsystem –panel o module set– 

(generation subsystem) does not provide the same nominal 

voltage that the required by the output load or battery 

(consume subsystem). Thus, in order to “adapt” both generator 

and load voltages, providing at the same time high efficiency 

in this link, the use of a DC/DC power switching converter is 

mandatory. 

As a consequence, switching converters are widely used in 

photovoltaic generating systems as an interface or link 

between, on the one hand, the photovoltaic subsystem (panel o 

module set), and, on the other hand, the load and/or battery. In 

addition, it can allow the follow-up of the maximum power 

point (MPP) of the photovoltaic system in order to obtain the 

maximum energy that this system can provide. 

Therefore, the main task of DC-DC converter in this kind of 

operation is to condition the energy generated by the array of 

panel following a specific control strategy [1]. Notice that the 

DC/DC conversion process implies, in turn, an associated 

effect of impedance transformation. In fact, the input 

impedance shows a dependence on a number of parameters 

such as load resistance, duty cycle of the switching converter, 

etc. 

In this sense, converters are quite similar to “classic” 

transformers when they are used as impedance adaptors, 

except that in converters the adaptation parameter is not the 

turns ratio between the secondary and primary ones, but the 

duty cycle that controls the energy transfer. This duty cycle, as 

it is well known, can be governed electronically. 

In addition to the use of the aforementioned switching 

power DC/DC converters, a maximum power point tracking 

(MPPT) is also highly recommended in the energy processing 

path in order to obtain the maximum power from the 

photovoltaic solar panel. Therefore, normally, practical 

implementations include a control loop of the converter in 

order to track the aforementioned maximum power point of 

the photovoltaic solar panel. This maximum power point can 

be achieved thanks to the control of the switching converter 

duty cycle. This effect, which is the basis of MPPT systems, 
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also shows an odd property: Certain input impedance values 

can be either reached or not, depending on the type of 

converter used, which significantly affects the performance of 

the photovoltaic system [1]. 

In DC/DC switching converters we have relation between 

average values of the input and output voltages via the duty 

cycle (or between average values of the input and output 

currents), providing, at the same time, high efficiency. 

Therefore, we can say that they behave as high efficiency 

voltage-controlled voltage source (VCVS), or 

current-controlled current source (CCCS). 

Unlike “classic” DC/DC power converters, in power 

gyrators we have a relation between average values of the 

input voltage and output current (or input current and output 

voltage), also providing, at the same time, high efficiency. 

Therefore, the key of this kind of converter is to obtain 

high-efficiency voltage-controlled current source (VCCS) or 

current-controlled voltage source (CCVS). 

The arrival of the switching semiconductor devices in the 

decade of the 1950s carried out the appearance of switching 

converters and switching power supply systems. The major 

development of DC-DC converters took place at the beginning 

of the decade of 1960s, when switching semiconductors were 

feasible and affordable devices, being applied in the aerospace 

industry as one of their first uses. 

On the other hand, the initial concept of gyrator is referred 

to networks with certain interesting properties. They are 

attractive for the synthesis of inductive elements with 

properties nearer to the ideality than their counterparts of 

wound core. The concept of gyrator was introduced firstly by 

Tellegen in his paper ‘The gyrator, a new electric network 

element’ published in 1948 [2], in which mention is made for a 

network with unique properties, and was considered as a new 

electrical network element added to those already known. 

The treatment of the subject by Tellegen is rather theoretical 

and does not venture into the practical design of these 

elements, although formally founded their behavior and some 

of its properties. The term ‘gyrator’ is, since then, used to call 

this kind of network, of which one of the first was introduced 

by the same Tellegen for a toroidal ferromagnetic core wound 

at one end, and separated by a dielectric segment at the other. 

The introduction of the gyrator circuit concept in power 

processing (high-efficiency switching-mode power gyrators) 

is due to Singer, who presented a particular gyrator in the 

circuits named POPI (power output=power input), describing 

the ideal behavior of a particular switching power converter 

structure [3]. In 2005 it was shown that the gyrator circuits 

were unstable, and calculated the stable conditions necessary 

for its possible implementation [4], [5]. 

The article is organized as follows: In Section 2 an 

introduction to gyrator circuits and their classification are 

carried out; Section 3 explains the use of power gyrators for 

energy processing in solar energy facilities, together with the 

use of a MPPT subsystem; Section 4 deals with the design and 

implementation of a particular power gyrator implementation 

for the energy processing from a photovoltaic solar panel and 

its main simulation and experimental results. The article 

concludes with the main conclusions in Section 5. 

II. POWER GYRATOR CONCEPT 

The concept of power gyrator introduced in [3] relates to a 

general sort of circuits named POPI, describing the ideal 

behavior of a switched-mode power converter. In general two 

big groups of power gyrators can be found: G-type and R-type 

gyrators. 

A. G-Type Gyrator 

A power gyrator type G (Figure 1) is defined as a switching 

converter which satisfies equations (1) and with the 

characteristic that the input current and output current are not 

pulsed. 

1 2i gv  ; 2 1i gv , (1) 

where the parameter g is the conductance of the gyrator. The 

G-type power gyrator with controlled output current behaves 

like a current source in its output port. 
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Fig. 1. G-type power gyrator: (a) Basic block, and (b) equivalent 

circuit. 

 

The general idea of a G-type power gyrator is to achieve a 

controlled dependent current source that depends on the input 

voltage and a gain factor g. If the parameter g is adjustable, a 

VCCS (voltage-controlled output current source) can be 

obtained. 

The two-port G-type power gyrators that can be found are of 

fourth order, that is, the buck with input filter (BIF), the boost 

converter with output filter (BOF), the Ćuk converter and the 

Ćuk isolated converter, as illustrated, respectively, in figure 2. 

In the present work, a BIF G-type gyrator is used in order to 

validate the use of power gyrators for energy processing in 

photovoltaic solar facilities. 

B. BIF Gyrator 

The BIF G-type gyrator is a DC/DC switching converter, in 

particular a buck regulator with input filter. The BIF structure 

depicted in Figure 2 is an unstable system; therefore, its 

implementation may not be viable. In [5] it is demonstrated the 

need of including a damping network to get the system to 

reach stability and how to calculate it. The proposed circuit, 

including the proposed stability network, is shown in Figure 3. 

The analysis of the BIF G-type gyrator controlled by means 

of a sliding control loop shows that the system must meet a 

series of inequalities or conditions to obtain the necessary 

stability of the circuit; in particular [5], [6]: 
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Fig. 2. Classification of G-type power gyrators: (a) Buck with input 

filter (BIF), (b) boost with output filter (BOF), (c) Ćuk converter, and 

(d) Ćuk isolated. 
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Fig. 3. Buck with input filter (BIF) gyrator with damping network. 

 

C. R-Type Gyrator 

A power R-type gyrator is defined as a switching converter 

with a switch topology characterized by (5): 

1 2v ri  ; 2 1v ri , (5) 

where r is the resistance implemented by the gyrator. 

The simpler R-type power gyrators are shown in Figure 4. 

These converters are the boost with output filter (BOF) 

converter, the Ćuk converter, and Ćuk converter with galvanic 

isolation. 
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Fig. 4. Classification of R-type gyrators: (a) Boost with output filter 

(BOF), (b) Ćuk converter, and (c) Ćuk isolated. 

 

 From these different structures, the more used is the first 

one (the BOF converter). 

III. POWER GYRATOR FOR THE ENERGY 

ACQUISITION OF A PHOTOVOLTAIC PANEL 

In this section, in order to demonstrate the feasibility of 

developing power gyrator structures for solar energy 

applications, the design and implementation of a BIF G-type 

power gyrator are carried out. The objective is to process the 

energy provided by a photovoltaic panel. The panel used for 

the implementation of the application is supplied by the 

company BP. This is a panel that consists of 36 

high-efficiency photovoltaic polycrystalline cells, providing a 

maximum power of 10 W, an open circuit voltage (VOC) of 21 

V, and a short-circuit current (ISC) of 0.65 A. Regarding the 

battery, that acts as the output load, it must be noted that the 

typical value of series resistance is 0.11 Ω. This, together with 

the panel, will establish the design specifications of the 

implemented power gyrator. The initial design specifications 

are presented in Table I. 

 

 
 

 

 



 

Martínez-García (2014) The Use of Power DC-DC Converters and Gyrator Structures for Energy Processing in …  

65 Journal of Energy Challenges and Mechanics ©2014   

TABLE I. INITIAL DESIGN SPECIFICATIONS 

Vin=20 V Vout=12 V 

Iin=0,6 A Iout=1 A 

ΔIout=5% ΔVout=0,5% 

 RL=0,11 Ω 

 

The design of the power gyrator is divided into two parts: 

On the one hand, the calculation of the components of the buck 

regulator, and, on the other, the other elements of the whole 

power gyrator structure, such as the filter input and the 

network stability. 

A. Component Design of the Buck Converter 

Assuming that, as design specifications, the converter 

operates in continuous conduction mode (CCM), that it has a 

nominal input voltage of 20 V, and is desired an output voltage 

equal to 12 V and a maximum load current of 1 A, the nominal 

duty cycle converter should be 60%. Once obtained the duty 

cycle, the values of the required inductance and capacitor can 

be obtained, setting an output current ripple equal to 5%, an 

output voltage ripple of 0.5%, and a switching frequency equal 

to 50 kHz. With these design specifications, an inductance of 

1.64 mH is used, obtaining an output current ripple of 5.85%. 

Finally, the standard value for the capacitor is C=3.3 μF, 

achieving a ripple voltage equal to 0.37%, which is perfectly 

suited to the level required for the voltage ripple at the 

converter output terminals. 

B. Component Design of the BIF Power Gyrator 

As already mentioned, a G-type power gyrator has a 

variable g, an LC input filter, and a stable network whose 

parameters should be calculated to obtain the appropriate 

values for the provided initial conditions. To obtain g, the 

above assumed initial conditions for currents and voltages at 

the converter input and output terminals are used, set g=0.050. 

Calculating the input filter, it carries out to a standardized 

value of 22 μH for the inductance, and a value of 1 μF for the 

capacitor. As discussed above, G-type power gyrator 

structures require a stability network for ensuring their proper 

performance. This stability is achieved by a capacitor 

connected in series with a resistor, resulting in a 3.3 nF 

capacitor (Cd) and a resistance Rd=2 kΩ. These values are 

necessary in order to determine the stability network. In order 

to ensure the stability of the system, whose equations are 

determined by expressions (2), (3) and (4), these three 

expressions should be fulfilled with the obtained component 

values for this particular BIF G-type gyrator. 

On the other hand, the necessary control law (in this case a 

sliding control) for the proper operation of the G-type gyrator 

should be established. Basically, this analog controller 

consists of a current sensing system comprising a shunt 

resistance of 50 mΩ, a difference amplifier, a multiplier (an 

AD633 from Analog Devices) for the product of the input 

voltage established by the parameter g, and a comparator with 

some hysteresis to fix the switching frequency. 

Finally, the use of a PIC microcontroller (in this case, a 

Microchip’s PIC18F1220) achieves the tracking of the 

PV-panel MPP. In the case carried out in this article, the 

MPPT algorithm implemented has been the well-known 

perturb and observation (P&O) [1]. Notice that, for this 

tracking, it is necessary a second current and voltage sensing, 

in order to measure and introduce them to the PIC 

microcontroller. The output of the PIC responsible for 

providing the value for the parameter g should be an analog 

value; however, the PIC can only offer at its output binary 

states (5 V or 0 V). To overcome this problem, an RC filter is 

 
Fig. 5. Schematics of the implemented BIF G-type gyrator. 
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added, in order to filter the switching frequency of the output 

voltage and provide an average voltage that controls the power 

gyrator. 

IV. IMPLEMENTATION, SIMULATION AND 

EXPERIMENTAL RESULTS OF THE FINAL 

IMPLEMENTED G-TYPE GYRATOR PROTOTYPE 

Figure 5 shows the complete schematic of the converter BIF 

carried out in this work. In order to corroborate the proper 

operation of the designed and implemented BIF G-type 

gyrator, it has been powered by a solar panel. Therefore, the 

value of its parameter g is not fixed or manually adjustable, but 

the PIC microcontroller will be in charge of making the 

perturbation algorithm and monitoring to adjust the parameter 

g in order to always assure (independently of the irradiance 

conditions) the maximum power of the solar panel (MPPT). 

The final characteristics obtained from the implemented 

system are: Minimum input voltage equal to 18 V and nominal 

20 V; and, output current adjustable between 1 A and 2.5 A, 

regardless of the value of the load connected, as long as the 

product of the output current and the load resistance is lower 

than the input voltage. Finally, figure 6 shows a photograph of 

the complete implementation performed. 

 For an input of 18 V, a reference voltage Vg whose value 

forces an input current of 1.9 A, and an output 4.7-Ω load, an 

output voltage and current equal to 11.8 V and 2.4 A, 

respectively, are obtained. For the prototype of the G-type 

power gyrator held for processing power of the photovoltaic 

panel, different lighting conditions for the solar panel were 

used by means of different points of light. After verifying their 

behavior as G-type power gyrator, an experimental analysis of 

the efficiency was carried out for different values of input 

current (setting the value g), and maintaining the value of the 

load equal to 4.7 Ω (Table II). The experimental efficiency of 

the G-type power gyrator, for different input currents, is 

shown in Figure 7. 

 
 

 

 
Efficiency (%) (%) 

Iin (A) 

 
Fig. 7. Experimental efficiency of the G-type power gyrator for 

different values of the input current. 

 

This graph shows how, as the G-type power gyrator works 

closer to the optimum point (Iin=2 A), the performance and 

efficiency are enhanced. Note that the efficiency of the gyrator 

is determined by the value of the load, and that, for a given 

output current value, different output voltages can be obtained. 

Finally, in figure 8, we can appreciate output current response 

when the reference voltage that adjusts the parameter g has an 

increasing step from 25 mV to 50 mV at t=25 ms, and when the 

input voltage suffers a new increasing step from 20 V to 22 V 

at t=50 ms. In both cases, notice that the output current is 

modified according to equation (1). 

 
Fig. 6. Experimental efficiency of the G-type power gyrator for different values of the input current. 
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TABLE II. EXPERIMENTAL RESULTS TO OBTAIN THE EFFICIENCY OF THE 

G-TYPE POWER GYRATOR IMPLEMENTED 

Iin (A) Vout (V) Iout (A) Pin (W) Pout (W) η (%) 

0.40 5.03 1.03 7.20 5.18 71.96 

0.50 5.70 1.17 9.00 6.67 74.10 

0.60 6.33 1.30 10.80 8.23 76.19 

0.70 6.92 1.42 12.60 9.83 77.99 

0.80 7.44 1.52 14.40 11.31 78.53 

0.90 7.97 1.63 16.20 12.99 80.19 

1.00 8.43 1.72 18.00 14.50 80.55 

1.10 8.85 1.81 19.80 16.02 80.90 

1.20 9.27 1.89 21.60 17.52 81.11 

1.30 9.67 1.97 23.40 19.05 81.41 

1.40 10.06 2.06 25.20 20.72 82.24 

1.50 10.43 2.13 27.00 22.22 82.28 

1.60 10.82 2.21 28.80 23.91 83.03 

1.70 11.12 2.27 30.60 25.24 82.49 

1.80 11.45 2.34 32.40 26.79 82.69 

1.90 11.78 2.40 34.20 28.27 82.67 

2.00 12.09 2.47 36.00 29.86 82.95 

 

V. CONCLUSIONS 

This paper has provided, on the one hand, a classification of 

high efficiency switching power-gyrator structures and, on the 

other, the validity of their use as cells for energy processing in 

photovoltaic solar installations. In particular, having into 

account the properties of these topologies presented in the 

article, their inclusion in solar facilities allows increasing the 

performance of the whole installation. The design, simulation 

and implementation of a G-type power gyrator are carried out 

throughout the article, including a sliding control implemented 

by means an analog controller. 

In addition to the use of the aforementioned switching 

power gyrator, a maximum power point tracking (MPPT) is 

mandatory in the energy processing path in order to obtain the 

maximum power from the photovoltaic solar panel. Therefore, 

the practical implementation carried out includes a control 

loop of the power gyrator in order to track the aforementioned 

maximum power point of the photovoltaic solar panel. In the 

presented design, this MPPT circuit has been implemented by 

means of a PIC microcontroller, a Microchip’s PIC18F1220, 

that achieves the tracking of the PV-panel MPP. In the case 

carried out in this article, the MPPT algorithm implemented 

has been the aforementioned perturb and observation (P&O). 
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