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Abstract

The quadratic boost is studied under its real model. The equations, of the
continuous conduction mode, descriptive of this model are established.
From these equations, the expressions of the voltage gain and the efficiency
are extracted. These two quantities are plotted as a function of the duty cy-
cle in order to appreciate them in different operating points of the transis-
tor. The values of the different components have also been extracted for the
fabrication of a prototype of the converter. Thanks to a set of experimental
measurements at the input as well as at the output of the prototype con-
verter, the voltage gain and the efficiency could also be observed. These
were also plotted for different loads to observe converter behavior. The
theoretical curves were compared with the experimental curves which al-
lowed to validate the proposed mathematical models on a large range of
duty cycles.
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1. Introduction

For practical reasons in the field of solar photovoltaic, photovoltaic inverters
have managed to impose themselves naturally. Indeed a solar panel producing
on average only 15 - 17 V, it would take several to get 250 - 300 V DC needed for
220 V AC in West Africa. In a will of miniaturization and minimization of the
costs, the converters DC-DC elevators are used in the inverters to raise the ten-

sion of the panels. Most of these converters consist of passive and active switches
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controlled by a pulse width modulator (PWM-Switch) [1]-[3]. A systematic
method to obtain circuit-oriented average models for DC-DC converters was
presented in the early 21st century [4]. Since then, many works have been done
in the field with the aim of obtaining the best voltage gain and good efficiency
for a suitable duty cycle [5]-[10]. Quadratic boost converters are among the
structures that have been able to achieve most of these objectives. Several au-
thors have tried to improve the performance of the quadratic boost converter by
means of a structural change in its topology leading to new topologies with the
same quadratic gain characteristic. The first one reported by Lascu et al, was
obtained by applying a rotation in the converter switching cells introducing a
new converter in a power factor correction application [11]. Another one re-
ported by Kadri et al, was obtained by means of a software algorithm searching
all the possible configuration with the same elements of the traditional basic
quadratic boost allowing an application in photovoltaic conversion [12]. From
these two topologies, it emerges mainly four boost converters of type quadratic
type boost converters that are the Rotated Cell Single Switch (RCS2 - QB) and
the Software Synthesized Single Switch (54 - QB), as well as the Cascaded Con-
nected Single Switch (C*$? - QB) and the Cascaded Connected Double Switch (C
2 DS- QB) [13]. However, they would be more interesting if the losses observed
in the components could be minimized. To do this, we focused on the Cascaded
Connected Single Switch (C*S? - QB) in order to highlight the losses observed
using a mathematical model that we proposed. A prototype of the converter was
then implemented, and its performance in terms of voltage gain and efficiency
for different duty cycles were compared with those obtained by the proposed
mathematical model. This will enable us to validate or reject our mathematical

model.

2. Modeling, Mathetical Formulation and Application
2.1. Modeling, Mathetical Formulation

The real model of the quadratic boost, Ze. taking into account the losses in all

components, is shown in Figure 1:

Figure 1. Quadratic boost with series losses and switching losses.
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The power balance is written as:
P =R +P; (1)
With
Ps=PR +PF. +P + P (2)

Py Po, B, P_, Pp Prerare respectively the input power, the output power,
the power losses through the inductors series resistance r_ , I, the power
losses through the capacitors series resistance I , Ic, , the power losses through
the diode D, D,, Ds and, the power losses through the switch [14] [15].

Substituting each term by its expression, we obtain:

1-a)- 1-a)- AT
Vsl :Vo*|o+[rL1+a( 40:) N +af 2oz) re, +R_RF{lJr(l oi) J
(I-a) -R (I-a) -R (1-a) 6
_a) 2
Ve 1+(1 0:2) . rDSa4 +£fsCOR A
Vol (1-a)” ) (1-a)'R 2 R
From this expression, we can derive the gain in voltage:
1-a)R
6= - ) : — @
Vi a(l-a) 1, +(1-a)'r, +a(l-a) 1, +R. (1+(1-a))
1-a)'R+r1, +
(e Rev, +\\//—F(l+(l—a)z)(l—a)zR+rDSa+%fsCO(l—a)4 R?
0
and the conversion efficiency:
Rh__ R
n=—= (5)
| P0+PLS
= - - (6)
r,+a(l-a)r, Lo +a(l-a)r, R.(1+(l-a)
(1-a)' R 1-a) R R (1-a)
1+ ,
Ve 1+(1—az) . rDSoe4 +1fsCoR
Vol (1-«a) (1-a)'R 2

These different expressions were also used in the dimensioning for the making

of the prototype.

2.2. Application

We went on the basis of an input voltage (voltage from the panels) of 12 V on
average for an output voltage of 30 V. After the mathematical calculations to
obtain the values of the components, the prototype has been realized as shown in
Figure 2.

We make sure of the correct operation by visualizing the potential differences,
as shown in Figure 3, at the terminals of the switches [14].

We have the control signal which is a square wave signal with a duty cycle of

0.36 that we have imposed on it. The transistor also receives the signal by the
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shape of its gate voltage, which is similar to the PWM signal. The Drain-Source

voltage signal is complementary to the Gate signal, so the transistor switches

perfectly.
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Figure 3. The different voltages visualized.

Also, we observe that the signal of Vp, signal is complementary to that of Vps.
It is therefore the same shape as the one of the Gate. The Vp; signal too is of the
same shape as that of Vps which is normal. It is therefore complementary like the
signal of the voltage Vps to that of the diode D, and the Gate as we expected.

We therefore observe the input and output voltages in Figure 4:

[Feady T4

Figure 4. Oscillogram of the input and output voltages of the step-up quadratic.
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These voltages seem correct in spite of the parasites observed on the output

voltage. So we can therefore conclude that the device works perfectly.

3. Experimental Result and Discussion

Figure 5 and Figure 6 show the ideal, theoretical curves including the real
quadratic boost parameters and experimental curves for voltage gain factor and
conversion efficiency. The ideal efficiency, which is unitary, has not been plot-
ted.
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Figure 5. Comparison between the different voltage gains of the quadratic
boost.

In Figure 5, the divergence from the ideal gain is quite noticeable even for low
duty cycles. The losses recorded there are therefore quite considerable. Our
model is quite faithful to the experimental gain up to a duty cycle of 0.5; beyond
that, deviations are observed. Up to a duty cycle of 0.8, the error of the model
could be explained by the evolution of the dynamic voltage of the diodes and the
Drain-Source resistance of the transistor. Indeed, as seen above, the higher the
duty cycle of the transistor is and the longer the switching time of the latter in-
creases leading to an increasing power loss through the rpson which also sees its
value increase with temperature. However, this would not explain the phenom-
enon occurring for duty cycles greater than 0.8. This can also be seen in Figure
6, where the difference between the theoretical and experimental yields experi-
mental yield is less than 10% until the cyclic ratio of 0.6 but being able to reach
30% beyond. The phenomenon reversing the tendency, for the cyclic ratios
above 0.8, will be the subject of further study by us [14].

We now vary the operating point of the transistor by varying the load to ob-

serve the behavior of the converter.
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Figure 6. Comparison between the different conversion efficiency of the
quadratic boost.

The curves in Figure 7 show the voltage gains with resistors whose values are
multiples of the initial resistance. We can see that our model always remains
faithful to the experimental curve even if the deviations due to the temperature
remain present for high duty cycles. Obviously, the higher the resistance, the
better the gains., the better the gains are. In addition, the range of our unex-

plained phenomenon becomes narrower with this increase in resistance values.
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Figure 7. Voltage gain as a function of duty cycle for four different loads.
(a) 47 Q; (b) 141 Q. (c) 188 Q.

In Figure 8, the conversion efficiency curves will certainly tell us more.

The efficiency evolves in the opposite way to the voltage gain as a function of
the duty cycle, we observe less and less interesting efficiencies when we increase
the value of the resistance. Nevertheless, our model remains sufficiently faithful
to the experimental curves for low duty cycle values. Indeed, the deviations are

always of the order of 10%. As observed previously with the gain curves, this is
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Figure 8. Conversion efficiency as a function of duty cycle for four different loads. (a) 47
Q; (b) 141 Q. () 188 Q.
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related to the variations of our parameters with temperature that we did not in-

tegrate in the theoretical model with losses.

4. Conclusion

The set of measurements carried out on the prototype allowed us to draw the
experimental curves of the converter performances, Ze. evolution of the gain and
the conversion efficiency according to the duty cycle. These curves were com-
pared with the theoretical curves obtained from our mathematical models. We
were then able to observe that our models are satisfactory even for duty cycles of
the order of 0.7. This difference between the theoretical model and the experi-
mental data for duty cycles higher than about 0.7 - 0.8 is mainly due to the fact
that our models do not take into account the evolution of the Drain-Source re-
sistance rpson, the dynamic resistance of the diodes and their threshold voltages
with temperature. This is not obvious as the law of evolution of the Drain-
Source of the transistor with the temperature differs depending on the transistor
all as the resistors dynamic of the diodes. In all the case, it remains not recom-
mended operate with a ratio duty cycle greater than a 0.8 since this increases the
stress on the diodes and the transistor and decreases thus the duration of life of

the converter.

Acknowledgements

We would like to express our gratitude to ISP, University of Uppsala, Sweden,
for its support of project BUFO01.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Vorperian, V. and Cuk, S. (1983) Small Signal Analysis of Resonant Converters.
1983 [EEE Power Electronics Specialists Conference, Albuquerque, 6-9 June 1983,
269-282. https://doi.org/10.1109/pesc.1983.7069866

[2] Vorperian, V., Tymerski, R. and Lee, F.C.Y. (1989) Equivalent Circuit Models for
Resonant and PWM Switches. JEEE Transactions on Power Electronics, 4, 205-214.
https://doi.org/10.1109/63.24905

[3] Vorperian, V. (1990) Simplified Analysis of PWM Converters Using Model of
PWM Switch. Continuous Conduction Mode. /JEEE Transactions on Aerospace and
Electronic Systems, 26, 490-496. https://doi.org/10.1109/7.106126

[4] Oliver, J.A., Cobos, J.A., Uceda, J., Rascon, M. and Quinones, C. (2000) Systematic
Approach for Developing Large-Signal Averaged Models of Multi-Output PWM
Converters. In Proceedings of the IEEE Power Electronics Specialists Conference,
Galway, 23 June 2000, 696-701.

[5] Lopez-Santos, O. (2015) Contribution a I'étude de la conversion DC-AC dans des
systemes photovoltaiques: Convertisseurs orientés au module PV. Automa-
tique/Robotique. Institut National des Sciences Appliquées de Toulouse (INSA

DOI: 10.4236/sgre.2024.156009

147 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2024.156009
https://doi.org/10.1109/pesc.1983.7069866
https://doi.org/10.1109/63.24905
https://doi.org/10.1109/7.106126

P. A. A. Honadia et al.

(8]

(10]

(11]

(12]

(13]

(14]

(15]

Toulouse).

Surya, P.B. and Ramprasath, M.S. (2018) Mathematical Modelling and Performance
Analysis of Quadratic Boost Converter. International Journal of Scientific & Engi-
neering Research, 9, 190-196.

Tanmoy, R.C. and Byamakesh, N. (2015) Comparison and Analysis of Cascaded
and Quadratic Boost Converter. 2015 [EEE Power, Communication and Infor-
mation Technology Conference (PCITC), Bhubaneswar, 15-17 October 2015, 78-83.

Garcia-Vite, P.M., Soriano-Rangel, C.A., Rosas-Caro, J.C. and Mancilla-David, F.
(2017) A DC-DC Converter with Quadratic Gain and Input Current Ripple Can-
celation at a Selectable Duty Cycle. Renewable Energy, 101, 431-436.
https://doi.org/10.1016/j.renene.2016.09.010

Durén, E., Anddjar, J.M., Segura, F. and Barragan, A.]. (2011) A High-Flexibility
DC Load for Fuel Cell and Solar Arrays Power Sources Based on DC-DC Convert-
ers. Applied Energy, 88, 1690-1702. https://doi.org/10.1016/j.apenergy.2010.11.002

Tattiwong, K. and Bunlaksananusorn, C. (2014) Analysis Design and Experimental
Verification of a Quadratic Boost Converter. ZENCON 2014—2014 IEEE Region 10
Conference, Bangkok, 22-25 October 2014, 1-6.
https://doi.org/10.1109/tencon.2014.7022467

Lascu, D., Lascu, M., Lie, I. and Tanase, M. (2006) A New Quadratic Boost Con-
verter with PFC Applications. Proceedings of the 10th WSEAS International Con-
ference on Circuits, Vouliagmeni, 10-12 July 2006, 223-228.

Kadri, R., Gaubert, J., Champenois, G. and Mostefai, M. (2010) Performance Analy-
sis of Transformless Single Switch Quadratic Boost Converter for Grid Connected
Photovoltaic Systems. The XIX International Conference on Electrical Ma-
chines—ICEM 2010, Rome, 6-8 September 2010, 1-7.
https://doi.org/10.1109/icelmach.2010.5608092

Lopez-Santos, O. (2015) Contribution to the DC-AC Conversion in Photovoltaic
Systems: Module Oriented Converters. Master’s Thesis, Université de Toulouse.

Badiane, M., Honadia, P.A.A. and Barro, F.I. (2021) Theoretical and Experimental

Analysis of a Boost Converter. Journal de Physique de la SOAPHYS, 2,
C20A28-1-C20A28-9. https://doi.org/10.46411/jpsoaphys.2020.02.28

Badiane, M., Honadia, P.A.A., Zouma, B. and Barro, F.I. (2021) Quadratic Boost
Converter: An Analysis with Passive Components Losses. Open Journal of Applied
Sciences, 11, 202-215. https://doi.org/10.4236/0japps.2021.112014

DOI: 10.4236/sgre.2024.156009

148 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2024.156009
https://doi.org/10.1016/j.renene.2016.09.010
https://doi.org/10.1016/j.apenergy.2010.11.002
https://doi.org/10.1109/tencon.2014.7022467
https://doi.org/10.1109/icelmach.2010.5608092
https://doi.org/10.46411/jpsoaphys.2020.02.28
https://doi.org/10.4236/ojapps.2021.112014

	Experimental Study of a Quadratic Boost: The Cascaded Connected Single Switch
	Abstract
	Keywords
	1. Introduction
	2. Modeling, Mathetical Formulation and Application
	2.1. Modeling, Mathetical Formulation
	2.2. Application

	3. Experimental Result and Discussion
	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

