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Abstract- In this paper an efficient topology of (Single Ended Primary Inductor Convert&lC/Zeta
converter is proposed to interface renewable energy sources and the load. The prop(ﬁq nverter is
obtained by the integration of the bidirectional converter and the full-bridge conx@sti;. s the output
voltage of the proposed converter is not reversed this topology provides remarkab@ ’ntages than the
other topologies when battery is used as the backup. The output voltage can be u ower the LED light
which needs the input voltage not more than 50 V. The control action Ynplemented by using
conventional controller to maintain power mismatch in the system by trac aximum power and by
regulating the battery voltage and the output voltage. The working prip@j@f the proposed converter are
also analyzed in detail. The performances of the system are also an er the conditions of different
insolation and load current. Jg&
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I. Introd

As the demand for the electric power generation i as®s, the generation of the power from the renewable
energy sources increases drastically. Thus the e I® power can be generated either by using any of the
renewable energy sources. As the renewable gy sources being intermittent in nature and unpredictable,
dc-dc converters along with the storage el tS are required to supply the load smoothly as in case of the
stand-alone system. Such that the ener age element increases the system dynamics under less power
generation on the source side.

A multi-input dc-dc converter the common dc link [1-4] is used to interconnect all the sources and the
load along with the energy s evices. But these converters were developed by using increased number
of conversion devices wi lex control circuitry. The problems associated with former converter were
vanished by introducj multiport dc-dc converter [5-6]. These multi-port dc-dc converters can
interface several nu renewable energy sources on the input side and loads on the output side. Thus
the later conve more advantageous as it increases the flexibility of different voltage levels with less
number of th I’%gersion devices, centralised controller and provides the quick dynamic response for the
power man mt in the system. Multi-port topologies finds wide application in the field of remote
i system, satellite application, traffic lights, uninterrupted power supplies, electric vehicles,
mestic applications, etc. Different topologies were associated in developing the multi-port
[7-8] like non-isolated topology, isolated topology and partially isolated topology.

This paper focuses on the partially isolated three-port topology of which two ports are associated on the
input side with one isolated output port. One of the input ports is connected to the solar photovoltaic
system and the other is connected to the battery. Hence the topology of SEPIC/Zeta three—port
bidirectional converter (SEPIC/ZetaTP-BDC) which is obtained by integrating the two bidirectional and the
full bridge converter [9].
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Il.  Working Principle and the Analysis of SEPIC/Zeta TP-BDC with Operating Modes

The SEPIC/Zeta BDC consists of two switching legs with two switches in each leg connected to the source
voltage. Each switching leg is capable of generating a square-wave voltage. The output can be controlled by
applying the phase-shift between the voltages obtained in two switching legs, which is termed as the phase-
shift full-bridge converter (PS-FBC) [10]. The square wave voltage was also obtained from the non-isolated
BDC. Thus a multi-port converter was obtained by combining both the FBC and the two BDC by sharing
common switching cells. SEPIC/ZetaTP-BDC converter was obtained by connecting two BDC in parallel.
The PWM plus the phase shift is used to regulate the output voltage and the power balance betyye e

ports. \

*

The proposed SEPIC/Zeta TP-BDC is shown in Fig. 1 comprises of the two BDC's, full bridg %er with
the diodes D, — D,, inductance L;-L, and the capacitance C,, C;-C,. The isolation trans mis used to
isolate the PV source and the battery from the load. The switches S-S, are connect% e transformer
primary winding by means of the blocking capacitor, C,. The SEPIC converter w. i&ved by the two
switches S; and S, the inductor L; and L, and the capacitor C;. Similarly Zeta con as achieved by the
switches S; and S,, the inductor L, and L; and the capacitor C,. The paramete %e proposed converter
are given in Table I. The output voltage of both the SEPIC and the Zeta ins same which is non-
inverting one but the only difference is the way by which the com Seare connected. The general
output voltage equation V, of the SEPIC/Zeta converter is given by {@

Vpy.D
Yo" o) %) O

*

Where D is the duty cycle and V,, is the input voltage,0
(S;) are adopted as two control variables to control
phase shift between the switches S, and S, is ¢
becomes

converter. The Duty cycles of S, (S;) and S,
er exchanging between PV and the battery. The
output voltage equation of the proposed converter

% %
v, = an(;(l—ADpV) AD,, > @: an(;(1+ADpV) ADp >0 )

Tablééé;meters of the three-port converter

Prameters Values
4
PV voltage, V,, 30-50V
Input power, Py, 0-220 W

O$ Required output voltage, V, 50V
Q Output power, P, 0-220 W

Battery voltage, V, 72V

Turns ratio,n 0.833
Switching frequency, f, 100 kHz
Capacitance, C,;, C,, Cy 200 pF
Inductance, LyL,,L3L, 220 uH
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Figure 1. SEPIC/Zeta TP-BDC 6 M
is&Hz. In one
.

State | [to-t;]: In this state which switches S,and S; is turned on and S,and S, is t ff. The inductors L,
are charges whereas L;, L, and L; discharges [11]. The voltage applied to th irfary of the transformer
decreases from zero to negative. The inductor current (i.,) freewheels throug e diodes D; — D, thereby
short circuiting the secondary side of the transformer. The correspond] Rictors current were given by
the following equation.

The transformer turns ratio is chosen to be 1: n and its operating switching frequen
cycle there are six switching states and the equivalent circuit diagram is shown in Figs

©)

Figure 2. Equivalent circuit of the SEPIC/Zeta converter at different switching states a) to-t; b) t;-t, ¢) to-t3 d)
ts-t, e) ty-ts f) ts-1s
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State Il [t;-t,]: In this state the switch position remain as that of the previous state but the only difference is
that the diodes D;and D, on the full bridge rectifier side are reverse biased. Therefore the the filter inductor
current (i ,) flows through the diode which are forward biased. The transformer primary is supplied with
the negative voltage.

State 111 [t,-t5]: At t; the switches in the upper limb S;and S; is turned off and lower limb switches S, and S,
remains ON. The inductors L, and L, discharges whereas L; and L, charges. As the rectifier diodes maintain
the same state, no voltage is applied to the transformer.

QQ
dily Vo Vp di, Ve Vo odiL, Y AN\

= y = y = 6 rS (4)
dt L3 dt L 4 dt L2

<

State 1V [t;-t,]: In this state the switches S; and S, are in ON position and the switcie%g S, are in OFF

position.The inductors L;,L, and L; charges and inductor L, discharges. The transf oltage gradually
rises from zero to positive. The inductor current (i ,) freewheels through the diod% 4

diL diL >
E dt3 Vpy =, .\\\Q . ©)

State V [t4-ts]: The inductor positions are just complementary to t the state 111 as the switches S; and
S, are turned on and the switches S; and S, are turned OFF. ge applied to the transformer primary
winding is positive.. The current (i.o) fully flows only throughyothgFtwo diodes D; and D..

FF and the switches S;and S; are in ON state.
current(i o) fully flows only through D, and D,.

State VI [ts-tg]: In this state the switches S, and S, is t
In this state the voltage applied to the primary is zerE

The simulated corresponding key waveforms Qf thé®proposed SEPIC/Zeta TP-BDC converter in which the
two switches in each leg are complementar&ch other are shown in Fig. 3.
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Figure 3. Key waveforms of SEPIC/Zeta TP-BDC a) Generated pulse b) Charteristics of the inductor at
different switching states
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Operating modes of the proposed converter for hybrid sources

In a standalone system, the power mismatch can be met by three ways of power flow. Thus the flow of
power can be from 1) PV to load 2) PV to battery and 3) Battery to load. As the proposed topology consists
of three ports, the two ports are controlled independently and the third is meant for the power balance.
Depending upon the power flow between the ports there are three types of modes of operation like dual
output mode, dual input mode and single input single output mode and the corresponding schematic
diagram is shown in Fig. 4.

: 5 : { — .
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"""" y SEPICZen 1= gL TP-BDC Load
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a) DO mode, Py, >P,, b) DI mode, Py, < P, @?ﬂso mode, Py, =0

Figure 4. Operating modes of SEPIC/Zeta0

The power flows in the input source, battery and the load port are r \nted as Ppy, Py and P, respectively.
Ignoring losses in the system the power balance equation is give@ va + Pb =B (6)

*
I11. Control Structure for Pulse Wi dulation and PV System

The schematic of the control structure of the inte, SEPIC/Zeta TP-BDC is shown in Fig. 5 a) for the
PV-battery hybrid power system [12]. The duty ¢ the SEPIC/Zeta converter are employed to keep the
power balance between the PV and the batt With the PWM plus phase-angle-shift scheme, two of the
three ports are regulated and the phase a  Used to regulate the output voltage simultaneously. Power
balance in the system is achieved with I regulators, which were used to regulate the output voltage
by achieving control of input sou y the control of the battery. To provide the required output
voltage and the current, the PV gouicgi®designed in such a way that the three panels with the rating of I
=225 Aand Vpya = 16.54 V an {th Pma = 37.08 W at G = 1000 W/m? and T =25°C [13] are connected in
series to provide the requiregs voltage of 50 V and the similar two panels are connected in parallel to
provide the current of uch that the required array size becomes 3 X 2. The corresponding
characteristic curves o ferent array size were shown in the Fig. 5 b).
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Figure 5. a) Control structure of TP-SEPIC/Zeta BDC b) Characteristic of PV system with different array size
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IV. Results and Discussion

When the power available on the input side is more than the required load, it supplies power to the load at
the same time it charges the storage device. Similarly when the required load power is more than the
available input power, the power stored in the storage device along with the input source supplies the load.
Such that power mismatch is balanced in the system. The proposed system is designed in such a way that
the PV source supplies the power of about 220 W at 1000 W/m?* with the corresponding voltage and current

waveforms are shown in Fig. 6.
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Figure 6. Performance waveforms of the PV system at the insolation of 1000 (a) PV voltage (b) PV

current (c) PV Power. .
>

The battery is designed for the 50% SOC with Rated Capacity of 4 ;he nominal Voltage of 72 V. As

the load is designed for the 100 W to provide the required voltage and the current of 2.5 A and its

corresponding waveforms are validated in Fig. 7.

The controller is used to analyse the performance of the ’under variations in the input voltage and
the load current when reference value is set to as 50 rdrmance of the system was analysed by giving
step change in input from high to low insolation i.¢ 1000 W/m?’ to 400 W/m® at 0.12 s the desired
output voltage is obtained. When the insolation@) W/m? the system operates in the DO mode, as the
insolation reduces to 400 W/m? the mode o operation changes to DI mode. When the required output
power changes its value from 100 W to 200 . by providing step load change from 25 Q to 12.5 Q at 0.12 s
at constant insolation of 1000 W/m? the g et output voltage is also obtained.
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Figure 7. Rgr ance waveforms at the port 3 (a) output voltage (b) output current (c) output power
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The effj of the system is also analysed under different load power and it is around 94.82 % under fully
lo ofdition. The corresponding waveforms and results are validated in Fig. 8.
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Figure 8. Output response under a) line regulation b) load regulation c) performance of PV to load
V. Conclusion

The performance of the most effective and unique SEPIC/Zeta TP-BDC with the centralised controller was
presented. The three-ports were interfaced to the solar PV system, battery and the load. The equivalent
circuit at different switching states was also analysed and the corresponding equation were derived. The
converter was able to balance the power mismatch between different ports at different operating
conditions. The system also remains stable for various loads current and the input voltage. In fygu e
ZVS can also be achieved for the system. \
*
References @6
1. Lalit Kumaland Shailendra Jain, “Multiple-input dc/dc converter topolq @&ybrid energy
system,” IET Power Electronics, vol. 6, no. 8, pp. 1483-1501, March 2013. & ¢

2. Alireza Khaligh, Jian Cao, and Young-Joo Lee, “A multiple-input dc-dc
Transactions on Power Electronics, vol. 24, no. 3,pp.862 — 868, March 2

3. A. Kwasinski and P.T Krein, “Multiple-input dc-dc converters to enh ocal availability in grids
using distributed generation resources,” IEEE Trans. Applied Edectronics Conference, APEC,
pp. 1657- 1663, 2007 [22nd Annual Conference of IEEE 2007] %

4. Haimin Tao, Jorge L. Duarte and Marcel A.M. Hendrix, @ort converters for hybrid power
sources,” Power Electronics Specialists Conference, IEEE, — 3418, 2008.

5. S.H. Choung and A. Kwasinski, “Multiple-input dc-d nverter topologies comparison,” IEEE
Trans. Industrial Electronics, IECON, pp 2359-2364, 89[34th Annual Conference of IEEE 2008].

6. Wei Jiang and Babak Fahimi, “Multiport po ctronic interface—concept, modeling and
design,” IEEE Trans. on Power Electronics, vol 0. 7, pp. 1890-1900, July 2011

7. Zhijun Qian, Osama Abdel-Rahman and | rseh, “An integrated four-port dc/dc converter for
renewable energy applications,” IEEE Tr Power Electronics, vol. 25, no. 7, pp. 1877-1887, July

er topology”, IEEE

2010.

8. Alexis Kwasinski, “Identification a@le topologies for multiple-input dc—dc converters,” IEEE
Trans. on Power Electronics, vol . 3, March 2009

9. Hongfei Wu, Peng Xu, H Qu, Zihu Zhou and Yan Xing, “Multiport converters based on
integration of full bridgg anaNyMirectional dc-dc topologies for renewable generation system,” IEEE
Trans. Industrial Electr , Vol.61, no. 2, pp.856-869, Feb. 2014.

10. Ali Asghar Ghadimi n Rastegar and Ali Keyhani, “Development of average model for control
of a full bridge P -dc converter,” Journal of Iranian Association of Electrical and Electronics
Engineers, vol g , pp. 52-59,2007.

11.  Hongfei W " n, Runruo Chen, Haibing Hu and Yan Xing, “ Full bridge three-port converters
with wi @ t voltage range for renewable power system,” IEEEE Trans. Power Electronics, vol. 27,
no. 9, d%q -3974, Sep. 2012

ree-input dc—dc boost converter for hybrid PV/FC/battery power system,” IEEE Trans. Power
ctronics, vol. 27, no. 5, pp. 2309-2324, 2012.
med Koran, Thomas LaBella and Jih-Sheng Lai, “High efficiency photovoltaic source simulator
with fast response time for solar power conditioning systems evaluation,” IEEE Trans. on Power
Electronics, vol. 29, no. 3, pp. 1285 — 1297, March 2014
14. www.mathworks.com.

12. F. NE atkhah, S. Danyali, S. H. Hosseini, M. Sabahi and S.M. Niapour, “Modeling and control of a

www.icidret.in ISBN : 978-81-929742-0-0 www.edlib.asdf.res.in



