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A DC/DC converter based on photovoltaic (PV) grid connections is
proposed here. This work focuses on the switched impedance source
(S_ZSC) for electric vehicles. Every PV grid-connected system require step-
up DC/DC converters to boost voltage range from low to high. Connecting
an extra diode and a switch to the terminals of a standard quasi-impedance
source DC/DC converter raises the step-up factors. In this proposed
converter, this capacitor does more than just filter noise. Saturated inductors,
on the other hand, can cause instability that needs not occur. In any case, the
modulation index’s H-bridge at its extremes is adjustable to a broader range
when the circuit is used for DC-AC conversion. A larger boost factor is
achieved with a shorter duty time as compared to currently available
Z-source based systems. Both a buck-boost charging station and a KY-boost
charging station were modeled for this investigation. Pl or fuzzy logic
controllers are utilized in DC-DC converters to keep the output voltage
stable.
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1. INTRODUCTION

The worldwide shortage of traditional fossil fuels has accelerated the shift toward renewable energy
sources [1]-[5]. Solar power has emerged as a major force in the fight against the energy crisis. Low DC
voltage from PV arrays necessitates a large step-up ratio in the AC/DC converter used to power grid-
connected inverters. Figure 1 shows grid connected switched ZSC/KY -boost converter.
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Figure 1. Grid-connected switched ZSC/KY boost converter photovoltaic system for electric vehicle charging
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However, larger switching duty cycles are required to attain the high voltage gain, which reduces
efficiency and leads to inductor saturation. Quasi impedance source inverters are recommended as a means of
overcoming the drawbacks of conventional impedance source inverter (ZSI), such as excessive inrush
current, a discontinuous input current, and increased condenser voltage stress. In order to raise the ZSI's
boost factor, researchers have experimented with a number of approaches [6]-[11]. Higher DC-link voltage is
produced, for instance, when capacitors, inductors, and diodes are all coupled to the Z-source network [12]-[15].

The topology employs a cascaded gZ-source network to increase voltage gain [16]. Figure 2 depicts
the switched-Z-source DC/AC inverter. Since the front-end switched-Z-source network has a boost factor of
1/(1-4D), a high voltage gain is possible at a low duty cycle. The index of the H-modulation bridge at the
back end, consequently, has a greater range of adjustment [17].
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Figure 2. The suggested DC/AC inverter switched impedance source circuit topology

2. KY BOOST CONVERTER

When combined with a standard “synchronously-rectified boost- converter,” as in [18], the KY-
converter becomes a voltage boost-converter known as a “KY boost-converter,” where the voltage ratio is
significantly increased. Additionally, this converter is exceptional since it not only operates in CCM
continuously, but also has independent input and output inductors, reducing current ripples to a minimum.

The suggested “KY boost converter,” which combines a “KY-converter” and a “standard SR-boost-
converter,” is seen in Figure 3. “Kentucky-boost” condenser part of it is the switches. S2 and S1, the diode
Db, the energy-transfer capacitor Cb, the load-side inductor Lo, and the load-side capacitor Co [19]. In
addition, one buffer capacitor-Cm is used in place of the KY converter's input. As an alternative, a traditional
“SR-boost converter” consists of switches S2 and S1 and the input-inductor (Li). On top of that, the output of
the replacement for the standard SR boost converter with the output of the KY -converter, which is buffered
by the capacitor (Cm). The output load is symbolized by a single load resistor RL [20].
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Figure 3. KY boost converter

These are some of the most important presumptions: i) All electronic power switches operate
instantly; ii) During the on-state, no voltage is lost through the switch or diodes; iii) To indicate the direction
of the current flowing through the inductors Lo and Li, we used the symbols iLq and iL;; and iv) Cb, energy
storage capacitor that uses the “charge pump” principle, is rapidly excited by VCp, for a short duration, much
less than the switching period Ts [21].

D1 diode of the S1 switch excites capacitor Cm almost instantly after the KY Boost-converter
receives its power from the DC-voltage source. Afterwards, the “pulse width modulated” gate pulses are
generated and sent to the switch. Switch S2 is on, therefore the capacitor Cb is being charged at the present
voltage setting (Cm). The converter stabilizes after a number of switching cycles.

Since it is a single-stage DC-DC converter that incorporates both the “SR boost-converter” and the
“KY-converter,” it operates in continuous current mode (CCM) at all times when operating in the high-
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voltage range though the inductor currents may be either negative or positive, their net effect is positive,
indicating a continuous transfer of energy from the source to the load [22].

Therefore, the converter can be used in two distinct modes: in mode 1, the switches are on for a
period of time equal to (1-D), whereas in mode 2, the duty cycles are (D) and (1-D), respectively. In addition,
when everything is functioning well, the voltage at (Cm) is nearly identical to the value at (Cb).

- Mode 1

S2 is active while S1 is inactive in Figure 4. Because Db is now forward biased and conducting, the
Cb cathode terminal will be dragged to ground potential. While the Cb is being charged, the Cm is being de-
energized. Li has a voltage of VI, causing it to become magnetized, while Lo has a voltage of VO-VCm,

causing it to undergo discharge. More so, the current via Co changes to iLo iRL, whereas the current through
Cm is the sum of the currents through -iCb and -iLo [23].
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Figure 4. Flow of power in mode 1

- Mode 2

Referring to Figure 5, switch S1 on and S2 off. Given that S1 is active right now, turning off Db
makes sense. In this state, Cm is energized while Cb is de-energized. Since at Li, the voltage was Vi-Vcm, Li
became uncharged, but the voltage at Lo was 2Vcm - VO, magnetization occurred at Lo. In addition, iLo-iRL
equals the current through Co, but iLi-iLo equals the current through Cm [24], [25]. That's why the output
voltage of a “KYY boost-converter” is to the input voltage in the following ratio:

Vo 2-D

Vi 1-D
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Figure 5. Mode 2 power flow

3. IMPEDANCE NETWORK MATHEMATICAL ANALYSIS
Assuming the capacitors (C1 and C2) and inductors (L1 and L2) are both at their nominal values, we
can proceed. Voltage at input Vd, voltage at discharge Vi, L1 and L2 inductors in series, C1 and C2

capacitors in parallel. From the data presented in Figure 6, an equivalent circuit model of an impedance
source inverter may be constructed in (1)-(12).

VCapl - VCapZ = VCap (1)
VCapl - VCapZ = VCap (2)

Ving = VCap,VD = 2V(,‘ap andV; =0
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AtSwitchingcycleT,Ving = Vo — Veap

Vo = Vo and V; = Veap = Vina = 2Veap — Vo
Where:

T=Ty+T,

and the DC source voltage is Vo.
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Figure 6. Impedance inverter equivalent circuit
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(4)
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After one cycle of switching, the inductors' average voltage should be zero at steady state (T).

TO.VCap+T1(Vn—VCap) _

Vlnd = T 0
VCap _ T
Yo T1-To

A similar equation can be used to calculate typical DC voltage at the inverter bridge (4).

V,=(T0*0+T1)*2VCQT—”_V°

Vi
Ti—To

Fromin (6) T1 * = 2Veap- T/ (Ty = To)

Veap = Vo * T, /(Ty — Tp)

(6)

()

An inverter bridge's DC-link voltage can't go any higher than, Vi = Vcap — Vind = 2V¢ap—Vo,

=T/(T,—To) *Vo=B*VohereB=T/(T1—To) i-e.

- Boost factories B
At the inverter's output, the highest phase voltage is

Ve =M =Vi/2,
Modulation index is M in this case, and the voltage source

Vac=M*B*?

One can step down and up the Vo before settling on a suitable buck-boost factor (BB)

B.B = B #* M (rangefrom0Otol)

Voltage across the capacitor is

Vcapl = VcapZ = Vcap = (1_ TO/T) * VO/(1 - ZTO/T)

®)

©)

(10)

(11)

(12)
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4.  WORKING PRINCIPLE AND TOPOLOGIES OF THE PROPOSED CONVERTERS

Since the three proposed circuits have identical circuit layouts, the following simulation will focus
mostly on the first network, switched-ZSC. It is possible to apply the same method to assess the other two
SQZSCs listed below. In either the common current mode (CCM) or the differential current mode (DCM),
the critical current mode (CCM) is a subset. While two different cases (Cases 1&2) may show up in CCM
depending on the values of inductance, duty cycle, and load resistance, only case 3 may show up in
discontinuous conduction mode. At any one time, each individual circuit in a loop will be in a distinct state.
The two modes represented in Figures 7(a)-7(c) contain all of the circuit's states (e). In Figure 7(a) the
reference directions for each variable are shown Case 1-Statel to State2; Case 2-Statel to State2 to State3;
Case 3- Statel to State2 to State 3; Here, KVL can be used to determine the voltages across all three
capacitors. Statel to State2 to State3 to State4. For the sake of simplicity, assuming: 1) All ideal power
components; 2) L, = L, and C; = C; are ignored; and 3) L, = L, and C; = C,. The current loop for statel is
shown in Figure 7(b), where equal current flows via L1 and C1. Current flow for state2 is shown in
Figure 7(c). The flow of currents in state 3 is shown in Figure 7(d), while the flow of currents in state 4 is
shown in Figure 7(e).

(€)

Figure 7. Different states of proposed SZSC: (a) specification of reference directions, (b) current loop of the
proposed SZSC in Statel: S1 and S2 on; D1, D2 and D3 off, (c) current loop of the proposed SZSC in State2:
D1, D2 and D3 on; S1 and S2 off, (d) current loop of the proposed SZSC in State3: D1, D2 and D3on; S1 and

S2 off, and (e) the proposed SZSC' current loop in State4 is as follows: S1, S2, D1, D2, and D3 are all turned off
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5. SIMULATION RESULTS
5.1. Switched impedance source converter

When connecting four PV panels in series, the resulting voltage is 215V dc, which is perfect for a
100 V DC/AC converter. From these prior investigations, we get the following values for the simulation's
inputs: i) Vi is 68 volts; ii) fs is 25 kHz; with a 0.2 service interval, iii) As predicted, the evaluated output
power is 185 W, iv) L1=L2=320uH, include resistance to parasites of 28-mQ; v) C1=C2=C3=330 pF, with a
sequence resistance of 10-mQ equivalent; vi) Resistance in the on position of switches S1 and S2 is
14.5-mQ; vii) The diodes D1, D2, and D3 have a forward voltage drop of 1 V. Figure 8 illustrate the voltage
across capacitors and the current through the inductor input are both simulated in switched buck converters.
As can be seen in Figure 9, the voltage, current, and power waveforms of the proposed CSQZSC follow the
MPPT model for P&O operation.
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Figure 8. The proposed SZSC's simulation waveforms at 0.2 duty cycle, GatesignalS1, iL1, vC2 and vC4
(vC2=vC4=215v)
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Figure 9. The simulation wave forms of P&0O MPPT based behavior of PV voltage, current and power
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As can be seen in Figure 10(a), the SOC (percentage) of the battery is 79.99 at the given time
in seconds. Inductor operation depicted in Figure 10(b) with current discharged from 250 A to -0.5 A.
Figure 10 (b). The time-dependent voltage across the 52 V inductor is depicted in Figure 10(c).
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Figure 10. Simulation waveforms of battery (a) SOC (%), (b) voltage, and (c) current

5.2. KY-boost converter with Pl-controller

From the “three phase thyristor bridge rectifier” output, seven paralleled KY-boost converters were
fed. Every one of the seven EV batteries is supplied by a different KY -boost converter, which regulates the
DC output voltage. The Figure 11 (see Appendix) shows the Simulink diagram of PI control circuit of KY-
boost converter and results of battery output, voltage and current characteristics.

5.3. KY-boost converter controlled with fuzzy logic controller

The output voltage of “three phase thyristor bridge rectifier” was given to seven parallel-connected
KY-boost converters. Every one of the seven EV batteries is supplied by a different KY Boost converter,
which regulates the DC output voltage. Fuzzy logic controls the KY Boost converter's operation. The
Figure 12 (see Appendix) shows the Simulink diagram of Fuzzy control circuit of KY-boost converter and
results of Battery output, voltage and current characteristics.

6. CONCLUSION

It is proposed that a new line of switched impedance source S_ZSCs with a slightly different
architecture be created for PV applications. Normal ZS dc/dc converters can have their boost factors boosted
to 1 by adding an extra switch and diode (1-4D). High voltage gain can be achieved by using a short duty
cycle, which also prevents instabilities caused by inductor saturation. Both the suggested converters and the
hybrid three Z-network boost converters have the same boost ratio. That were just suggested, but with less
passive parts, resulting in greater power density and less per-unit prices. In terms of voltage and current, the
THD of battery pack with the KY Boost-converter controlled by the “fuzzy-logic controller” has the least
harmonic contamination, so it is preferable to have the charger with the KY -boost converter was in charge of
by the “fuzzy-logic controller”. Consequently, the “KY boost-converter” controlled by the “Fuzzy logic
controller” has the lowest total harmonic distortion (THD), whereas the “buck-boost converter” controlled by
the “proportional and integral controller” or the “fuzzy logic controller” has the highest THD. In this work,
we examine the fundamentals of these devices' operation, including their current, voltage, and efficiency of

Implementation and study of switched impedance boost and KY-boost converters ... (Sapavath Sreenu)
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conversion due to parasitic factors. In the end, simulation findings corroborated the aforementioned features
and theoretical analyses.

APPENDIX
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Figure 11. MATLAB Simulink block and results of KY boost converter (a) PI control model simulation in
MATLAB/Simulink and (b) battery output SOC (%), voltage, and current characteristics
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Figure 12. MATLAB/Simulink block and results of KY boost converter (a) fuzzy control model simulation in

MATLAB/Simulink and (b) battery output SOC (%), voltage and current characteristics
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