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Introduction

Dual flyback inverter (DFBI) is one of the preferred
topologies for isolated low cost low power photovoltaic
(PV) applications. It converts PV cells DC voltage to
output AC voltage using single power stage. It is important
to understand loss distribution of DFBI be able to reach
efficiency limits of this topology. This paper evaluates the
efficiency of DFBI based on computer simulation results
worked-out by Simetrix circuit simulator.

Operation of dual flyback inverter

Theory of operation of DFBI is described in [1] and
others. There is performed the simulation of this topology
with standard RC clamp, and shortly described other
clamping circuits. It makes sense to carefully analyze the
efficiency of DFBI with lossless clamping circuits, as the
efficiency of PV inverter is one of most important
parameters for each PV application. The schematic of
DFBI with lossless active clamp is in Fig. 1.
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Fig. 1. Circuit diagram of dual flyback inverter with active clamp
circuit

The DFBI consists from two bidirectional flyback
converters. Each of them operates with one polarity of
output voltage v¢,,, and two polarities of output current
isee. This two-quadrant topology with an appropriate
control allows to create harmonic voltages with DC bias on

both output capacitors Coy, Cou for all types of AC loads
(R, L, C and not harmonic also).

If the DC bias voltages of Coy1, Coup are equal, then output
voltage is harmonical without DC bias ([1], page 10/38).
There is possibility to significantly enhance the
performance of flyback converter, by adding active clamp
to this topology (L., Cclamps Sciamp)- The clamping circuit
recycles the energy stored in inductance L, (composition of
leakage inductance of transformer and external discrete
inductor), and in addition allows ZVS switching of Syimi,
Sprimz- It 18 important to notice, that it can reduce the
rectifier losses (Ss.). The operation of active clamp is
described in [2].

Modelling and simulation of DFBI

There are different simulation tools on market which
are suitable for simulation of power electronic circuits.
Simulation tool which should be used for simulation of
power converter efficiency has to include sophisticated
models of power switching devices together with advanced
models of magnetic circuits (including magnetic core
selection for evaluation of losses in magnetic material,
coupling factor selection and saturation current overview
after definition of turn number of windings). The
simulation tool SIMETRIX meets criteria above.

Following losses has been included in simulation
model of active clamp DFBI:

o Switching and  conduction

semiconductors (diodes, MOSFETSs);

o Copper losses of wound components (excluding

skin effect);

o Magnetic core losses of wound components;

ESR losses of capacitors;

o Standard power losses of resistors (snubber
circuits).

Simulation model in present state does not include:

o Skin effect losses in wound components;

o PV capacitor losses (DFBI should have on the
input large capacitor due to input power

losses of

o



fluctuation. The capacitor will ensure that PV
cells will operate with constant output power in
MPP point);

o Estimated losses of DFBI control circuits (this
type of losses significantly reduces the efficiency
of power converter at light load).

The simulation has been performed with following

parameters:

o Input voltage range of DFBI Vimin = 60VDC,
Vimax = 110VDC;
Nominal output power of DFBI Ponom = 600W;
Nominal output voltage Vo =230VAC;
Switching frequency of DFBIs fsw = 20kHz;
DFBI running in off grid (island) operation with
resistive load on the output;
o 40ms transient analysis with default simulation

options.
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Results achieved by Simetrix simulation

Two line frequency periods of output waveforms of
DFBI are shown on Fig. 2. It is obvious, that voltages of
output capacitors Veous, Veouz are quasi-harmonic with DC
bias voltage slightly higher than amplitude of harmonic
voltages (slightly higher means cca 20V - what allows
converter good forming of output voltage in regions where
capacitors voltages are nearly zero). The output voltage v,
is quasi harmonic without DC bias. The output current i, is
proportional to output voltage, as the load has resistive
character. Three PWM cycles of DFBI are on Fig. 3 and
Fig. 4. All the curves are comparable with standard active
clamp flyback theory. Interesting point is oscillation
visible on primary transformer voltage vr;. The oscillation
occurs during the commutation from rectifier MOSFET
(Ssec) to primary MOSFET (S,im). The oscillation means
additional losses in DFBI (snubber circuit losses, reverse
recovery losses of slow body diode of MOSFET Sq). It
may happen that oscillation is so high, that it will reach
avalanche region of MOSFET S,.., what means additional
switching losses also (it is expected that modern MOSFET
are rated for repetitive avalanche operation). Fig.5 shows
efficiencies of DFBI in different operating modes. As
visible, the simulation has been performed with two values
of L, inductance, which directly influences the losses
during the commutation from MOSFET S, to MOSFET
Sprim- Figure shows, that maximum efficiency of converter
has been reached at V,,, and L, = 3uH. It has to be
noticed, L, = 3uH at V,,, means that pure ZVS switching
of MOSFET S, is no more reached (due to insufficient
energy stored in L;). Nevertheless, L, = 3uH will mean
lower rectifier (Sg) losses in comparison to L,=10uH. Fig.
5 shows, that active clamp DFBI has good efficiency in
wide range of loads. This is extremely important for PV
inverters, as they are compared by Euro-efficiency
parameter. The figure compares the efficiency of active
clamp DFBI and standard RC clamp DFBI also. It is
obvious that efficiency of RC clamp DFBI is significantly
lower in comparison to efficiency of active clamp DFBI
(nearly 10% lower at nominal load). In addition the RC
clamp DFBI efficiency drops down much faster in
comparison to active clamp DFBI (with decreasing of

load). These facts justify the usage of active clamp circuit
for DFBI PV inverter even if it means additional
component cost.
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Fig. 2. Output waveforms of DFBI
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Fig. 3. Three PWM cycles of DFBI
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Fig. 4. Three PWM cycles of DFBI

The European annual efficiency (Euro-efficiency) is
calculated according to Eq. (1). The index value means
percent of nominal power.
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Fig. 5. Efficiency of DFBI in different operating conditions

Table. 1 Calculation of Euro-efficiency for active clamp DFBI
and standard RC clamp DFBI

Vimax, 3uH, Vimax, RC Clamp
Active Clamp 3R3/100n

s 70,8% 32,2%

Mo 82,5% 48,8%

N 88,5% 64,1%

N0 90,3% 70,8%

Nso 91,6% 75,9%

1M 100 88,0% 78,7%

Neu 89,2% 71,5%

Ngy :0,03'775 +0,06'7710+0713'7720+ (1)
+0,10-7730 +0,48- 1750 +0,20 7109

Table 1 confirms the statements which were
mentioned above for Fig. 5. The calculated Euro-efficiency
for active clamp DFBI is nearly 20% higher than Euro-
efficiency of RC clamp DFBI. If the active clamp DFBI
will be even more optimized it will be most probably
possible to reach Euro-efficiency over 90%. This will
mean that active clamp DFBI topology will be comparable
with other isolated high efficiency PV topologies which
are more expensive.

Fig. 6 shows the loss distribution in different
operating modes of active clamp DFBI. It is clearly visible,
that most important from loss point of view are primary
semiconductors then wound components, and finally

secondary semiconductors. The rest of losses are minor.

Table. 2 Loss distribution overview by components

Loss@ Vimins Ponoms L1 = Loss@Vimax,
Component 3uH Ponom, Lr =3uH

(W] (W]

L 0,88 0,295
Celamp 0,82 0,42

Tl 15 9,02
Sclamp 4,7 7,67
Sprim 49,14 12,6

25

Loss@Vimins Ponoms LY = Loss@Vimax,
Component 3uH Ponom, Lr =3uH
W] (W]
G 0,66 0,2
Ssee 5,14 7,13
RC snubber 1,5 0,99
Cout 1,6 1,05
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Fig. 6. Loss distribution in different operating modes
Considering of SiC diodes

Commutation from slow MOSFET body diode S to
primary MOSFET S\, is important from switching losses
point of view (as mentioned in chapter 3). It is expected,
that adding of fast diode in parallel with MOSFET S,
body diode can reduce the reverse recovery losses in S
and RC snubber on secondary side. Fig.7 compares reverse
recovery characteristics of different diodes. The best
choice for DFBI seems to be usage of silicon carbide diode
(for example SDT06S60 type). This diode has lowest
reverse recovery charge Q.. The performance of active
clamp DFBI with SiC diode on output has to be verified by
appropriate simulation.
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Fig. 7. Reverse recovery characteristics of different diodes
Conclusion

The efficiency of active clamp flyback has been
evaluated and simulated. Three main types of losses were
identified. It was found out, that there is no need to directly
reach the ZVS switching of primary MOSFET Sprim (by
choosing appropriate L,), but it is necessary to optimize
commutation from output MOSFET S, body diode to
primary MOSFET Sm. The highest efficiency has been



reached without pure ZVS switching of primary MOSFET 2. Dalal D. Design Considerations of Active Clamp and Reset
Sprim- It should be noticed, that most important parameters Technique. — Application note No. SLUP 112. — Texas
for PV inverters are efficiency and cost (the size/power Instruments. —2001. —P. 1-5. o

density of inverter is not critical). The efficiency of active =~ - Ogura K., Chandhaket S., Hirota Y., Hiraki E., Nakaoka
clamp DFBI is good in wide range of loads, which means M. Small Scale Utility-Connected Solar Photovoltaic Power

. . . L Conditioner using Soft-Switching High-Frequency Sinewave
that this topology is suitable for PV applications. The Modulated Inverter Link for Residential Applications. —

active clamp circuit significantly improves the efficiency Yamaguchi University, Yamaguchi. — Dec. 2002. — Vol. 52
of DFBI in comparison to standard RC clamp. It was found No. 2. —P. 1-6.

out that Euro-efficiency of active clamp DFBI is nearly = 4. Chimento F., Dobrucky B. DC-DC Converter for
20% higher than standard RC clamp DFBI. This fact Renewable Energies Application with Maximum Power Point
justifies additional cost which is required for implementing Tracking Operation. — Activity Report of Maria Curie
of active clamp circuit. The input PV capacitor has to be ECON?2. - Zilina. — May 2006. —P. 12-30.

5. Chang L., Liu Z., Xue Y., Guo Z. A Novel Buck-Boost
Inverter for Photovoltaic Systems // Canadian Solar Buildings
Conference. — Montreal. — August 2004. — P. 1-8.

Dobrucky B., Spanik P., Sul R. Improvement of Power

added to future simulations together with consumption
estimation of control circuitry. In this case the simulation
will become more accurate. The parallel SiC diode on ¢

secondary MOSFET has to be simulated also. Reached Electronic Structure Characteristics Using SiC Technology —

simulation results are sufficiently promising for building of Overview // Communications — Scientific Letters ZU. —
experimental prototype in 2™ step. Zilina. —2006. — Vol. 1. — P. 34-38.

7. Sul R., Dobrucky B. Structures Based on SiC Technology —

Acknowledgements New Possibilities, Properties and Application. (In Slovak) //

Proceedings of Conference ERU 2006. — Brno. — Nov. 2006.

—P. 1-11.
8. Sul R. Hybrid PV/FC- and Super C Renewable Energy
Source Based on SiC Technology // Proceedings of

The authors wish to thank for the support to the R&D
operational program Centrum of excellence of power

electronics systems and materials for their components, Conference Liptovsky Mikulas. — Oct. 2007. — P. 30-36.

Elofg\gaV]-EZOOfi/Z.l/gl—SORO'; f fI-TMS.Z ?22012?223 9. Sul R., Frivaldsky M., Fibich P., Boggarpu N. K. SiC in
nded by buropean Lommunity, for nancial support to Power Semiconductor Devices (In Slovak) // Proceedings of

VEGA Agency for the project No. 1/0470/09 and project IEEE Conference ZVULE. — Zvule. — Aug. 2008. — P. 268—

APVV VMSP-P-0085-09. 271.

References 10. Spanik P., Dobrucky B., Frivaldsky M., Drgona P.,

Kurytnik I. Measurement of switching losses in power
transistor structure // Electronics and Electrical Engineering. —

1. Kjaer S. B., Blaabjerg F., Pedersen J. K. Simulation of Kaunas: Technologija, 2008. — No. 2(82). — P. 75-78.

Inverters for PHOTOENERGY project. — Aalborg
University, Alborg. —2002. — P. 4-25.

Received 2009 12 18

R. Sul, B. Dobrucky, P. Ceriian. Evaluation of Efficiency of Active Clamp Dual Flyback Inverter for Photovoltaic Systems using
Simulation Method // Electronics and Electrical Engineering. — Kaunas: Technologija, 2010. — No. 3(99). — P. 23-26.

Dual flyback inverter (DFBI) is one of the preferred topologies for isolated low cost low power photovoltaic (PV) applications. It
converts PV cells DC voltage to output AC voltage using single power stage. It is important to understand loss distribution of DFBI be
able to reach efficiency limits of this topology. This paper evaluates the efficiency of DFBI based on computer simulation results
worked-out by Simetrix circuit simulator. Ill. 7, bibl. 10 (in English; summaries in English, Russian and Lithuanian).

P. lllya, b. Jo0pyuxn, II. Yepnan. Onenka 3¢pdexTuBHocT akTUBHOrO Kiemesoro DFBI unBepTopa ¢otodnexTpuyecKux
CHCTEM HCIOJIb3Ysl MeTOJ HMHTANMH // DJIEKTPOHUKA U dj1eKTpoTexHuka. — Kaynac: Texnonorus, 2010. — Ne 3(99). — C. 23-26.

JBoitHoit mHBepTOop DFBI siBnsiercs omHo#W W3 Hamboyiee MOMYNSPHBIX TOIMOJIOTHHA ISl WCIONB30BaHUSA B HM30JHPOBAHHBIX
(dorosnekrpuueckux sneMentax (PV) Huskoil crommoctn. OH mpeoOpasyeT NOCTOSHHOE HanpspkeHne PV KIIeTOK Ha BBIXOZHOE
HaIpsDKEHUE NMEPEMEHHOr0 TOKa, MCIOJb3ys OAHY CTyneHb MouiHocTH. [loHumas pacnpenenenue sHepreruueckux noreps B DFBI,
MOXHO IOCTHYb mpenesnsl dpdexTuBHOCTH 3TOM Tononoruu. DddexruBrHocts DFBI oenena Ha OCHOBE Pe3yabTaTOB KOMIIBIOTEPHOTO
MOJEIHPOBAaHMU CXeMBbI B mporpamme «Simetrix». Wn. 7, 6ubn. 10 (Ha aHrimiickoMm s3bIke; pedepaTsl HA aHTIMHCKOM, PYCCKOM H
JIATOBCKOM 513.).

R. Sul, B. Dobrucky, P. Ceriian. Fotogalvaniniy sistemy DFBI inverterio efektyvumo nustatymas modeliavimo metodu //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 3(99). — P. 23-26.

DFBI inverteris yra viena i§ populiariausiy topologiju, naudojamy izoliuotuose pigiuose mazos galios fotogalvaniniuose (PV)
elementuose. Jis kei¢ia PV celés nuolating itampa { kintama, naudodamas viena galios pakopa. Norint pasiekti §ios topologijos
efektyvumo ribas, biitina suprasti DFBI energijos nuostoliy pasiskirstyma. Siuo tikslu naudojant kompiuterini grandynu modeliavima
programa ,,Simetrix‘, nustatomas DFBI efektyvumas. 1. 7, bibl. 10 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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