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Abstract

Two stage conversion systems (TSCSs) normally use either boost converter or high gain dec-dc
converter along with dc-ac inverter in order to transfer power from low input voltage dc source to
high voltage ac load. When these TSCSs operate at extremely low input voltages, the boost converter
has to operate at extremely high duty ratios. This in turn results in more losses and reverse recovery
problems. Usage of high gain dc-dc converter results in more number of components, increase in
control complexity and decrease in reliability. Single stage conversion systems (SSCSs) are formed
by merging both dc-dc and dc-ac conversion processes. These SSCSs have advantages like low loss,
more compact and less reverse recovery problems. In this paper, a high gain coupled inductor
based single-phase SSCS is presented. This SSCS topology has many desirable features such as
high gain, less switching losses, free from leakage inductance adverse effects and compact. Principle
of operation, steady state analysis and design of the proposed topology are described in detail.
MATLAB Simulation results of the proposed topology and experimental results using DSP28335

based experimental setup are presented to validate the proposed scheme.

Keywords: Single stage, high gain, dc-ac converter, coupled inductor, buck-boost inverter.
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Output voltage from photovoltaics (PV) is dc, which depends on several factors like insolation, temper-
ature etc. This voltage varies all the time depending upon the aforementioned factors. To deliver power
to loads or grid from PV, a suitable power conversion system (PCS) is required [1], [2], [3]. The PCS
has to buck/boost the input voltage followed by dc-ac power conversion. This is a typical two stage
power conversion system. Several two stage PCSs have been reviewed in [4], [5]. Two stage PCS is a
cascade connection of high gain de-de buck/boost converter and dc-ac inverter. This kind of PCS suffers
from several drawbacks like lower efficiency, lower reliability, large size and higher cost, especially when
it operates at low input voltages [6]. Single-stage topologies combine the performance of each stage in
multistage power converters, which in turn results in high efficiency, more reliability and low cost [7].

As SSCS gives several advantages compared to TSCS, research focus has shifted towards SSCS. A
topology named boost inverter is proposed in [8], which is derived by connecting load differentially across
two boost converters which are operating at 180 degrees out of phase. Though this topology has less
component number, it suffers from high switching losses and EMI problems. Kasa et al., proposed a
SSCS topology based on half-bridge buck-boost inverter configuration in [9]. This topology has minimum
switching and conduction losses because only two devices are operated during any half cycle of output
voltage. The drawback of this topology is improper utilization of PV source. Kasa et al., proposed
another topology in [10], which works on buck-boost principle. This converter uses minimum number
of switches (three), but this topology works for low power applications, due to the limitation on the
value of primary inductance of the flyback transformer. Z-source inverter has been proposed in [11].
The topology gives ac output voltage which is greater or lower in magnitude compared to the input dc
voltage. It uses the short-through state of the inverter bridge in order get the required gain. However,
its main drawback is the impedance network, which increases size and cost of the converter. Wang et
al., proposed a buck-boost principle based topology in [12]. In this topology, more number of devices
conduct at a given instant, which results in more conduction losses.

Sachin et al., proposed a two inductor topology based on buck-boost principle in [13]. This topology
has several advantages like less number of switches (four), low switching losses (only two switches out of

four operate at high frequency) and compact size. The drawback of the topology is that it has limited
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Even though this topology has advantages like modularity, compactness and low cost, it suffers from

limited gain. A doubly grounded topology based on buck-boost principle is proposed in [15], which is
compact and uses less number of components, however it gives low gain. A four switch topology based
on buck-boost principle is proposed in [16]. This topology uses more number of components and gives
less gain. Another coupled inductor based converter scheme was presented in [17] gives relatively more

gain, but due to the leakage inductance problems, it is limited to low power applications only.
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Figure 1: Proposed converter topology.

A single stage high gain topology using coupled inductor is proposed in [18]. This converter scheme
has several advantages like less number of components and high gain. Due to the leakage inductance
associated with coupled inductor, the topology is suitable only for low power applications. Normally
when coupled inductors are used in power converters, the leakage inductance with them causes several
undesirable effects like high voltage stress and energy loss. Several converter topologies, which can
mitigate the adverse effects of leakage inductance are proposed in [19-23]. The converter presented
in [23] has several desirable features like less number of components, high gain and does not require
any additional capacitors to trap leakage energy. Therefore, this topology is used as a part of single

stage conversion scheme presented in this paper. A single stage high gain buck-boost inverter using a
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following advantages:

1. The topology gives high gain due to the use of coupled inductor, which makes this topology works

better even in low input voltage conditions.

2. Only one active switch out of five operates at high frequency, thus its operation gives less switching

loss.

3. No bulky capacitors are required to capture leakage energy associated with the coupled inductor,

which in turn results in compact size.

4. The topology operation requires simple sinusoidal pulse width modulation (SPWM), hence avoids

complex modulation techniques.

5. As coupled inductor is used instead of two inductors, core requirements and space requirements

will be reduced.
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Components Number of Number of switches
As| ps L active switches contrlbt_mng to
operating at high conduction loss
Circuit Configuration frequency in an Durin Durin Observations
half cycle of inductor inductor
output voltage charging | discharging
AS PS| AS| PS
Caceres [8] 4 0 2 4 2 0 2 0 More conduction loss,more switching loss and EMI problems.
Peng [11] 4 0 2 2 2 0 2 0 Big in size due to passive components and complex in control.
Un
coupled Wang [12] 4 2 2 1 2 0 1 1 Low EMI problems but more conduction loss.
inductor
topologies Sachin [13] 4 2 2 1 1 0 1 1 Low switching and low conduction loss but gives low gain.
Patel [15] 5 3 1 2 2 0 2 2 Has drawbacks like limited gain and conduction loss.
Shafeeq [16] 4 4 1 1 2 0 2 2 More number of switches and more conduction loss.
Yris [17] 4 2 2 1 1 0 1 1 High gain but suffers from harmful effects due to leakage
inductance.
iigﬁstlsg High gain buck 4 2 1 1 1 0 1 1 High gain and compact converter but suffers from harmful effects
topologies boost inverter[18] due to leakage inductance.
Proposed 5 2 1 1 1 0 2 1 High gain, low switching loss and free from leakage inductance
topology harmful effects.

AS- Active switches, PS- Passive switches, L- Inductors, C- Capacitors

Figure 2: A brief comparison of the proposed topology with the existing topologies.

A brief comparison of the proposed topology with the existing topologies is presented in Fig. 2. Circuit

configuration and working of the proposed topology in each switching cycle time and in output voltage’s
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about the converter operation. Mathematical analysis of the proposed topology is given in Section 3.

Section 4 gives the design of proposed circuit topology parameters. Simulation results in Section 5 and
experimental results in Section 6 are presented to validate the proposed idea, followed by the conclusion

in Section 7.

2 Circuit Configuration and Working

The proposed topology as shown in Fig.1 consists of five active power switches (Sp, S1, S2,.53 and Sy), two
passive power switches, an output capacitor and a coupled inductor. Out of five switches, only switch (S,)
operates at high frequency and remaining four switches operate at frequency of output voltage. Diode
(Dy) is mainly intended for shorting inductor (L;) to the output voltage (v,) when the switch (Sp)
gets turned off, in turn it avoids the adverse effects of leakage inductance associated with the coupled
inductor. The operation of the proposed topology is same and symmetrical in each switching cycle of
both the half cycles of output voltage. Therefore, only a switching cycle of positive half cycle of output
voltage is considered for explanation. During positive half cycle of output voltage, switches (.53
and S4) are turned on and switches (S; and S3) are turned off. Similarly, During negative
half cycle of output voltage, switches (S; and S;) are turned on and switches (S; and Sy)
are turned off. During each half cycle of output voltage, switch (S,) operates with SPWM, ensuring
transfer of power from input dc source to output ac load in each switching cycle.

Several assumptions are made in order to explain the steady state operation of the proposed topology.

These assumptions are:
1. All parasitic components except leakage inductance of coupled inductor are neglected.
2. The on-state resistance of the switches and forward voltage drop of the diodes are ignored.
3. Capacitor (C,) is large enough to be consider it as a constant voltage source over a switching cycle.

4. The topology is operating under continuous conduction mode (primary inductor current (ir1) is

operating in continuous conduction mode).

IET Review Copy Only



IET Power Electronics Page 6 of 25

2.1 Mode 'ﬂhl{éﬂtl&@niﬂt)een accepted for publication in a futureissue of thisjournal, but has not been fully edited.
Content may change prior tofinal publication in an issue of thejournal. To cite the paper please usethe doi provided on the Digital Library page.

By turning on switch (Sp), inductor (L,,) gets charged by source voltage (V;,) through switch (Sp).
Diodes (D; and D) are reverse biased during this mode. Current in the mutual inductance (L,,) rises
linearly with the slope of V;,/L,,. During this mode output capacitor (Cr) discharges through load.

This mode of operation is shown in Fig. 3a.

2.2 Mode 2 (t; to t5)

This mode starts when switch (S,) is turned off. Both Diodes (D7 and D2) become forward biased. The
leakage energy associated with the leakage inductance (L) will be delivered to the load through the
diode (D;) in this mode. The switch voltage (vg,) rises to Vi, +v, as it is clamped between V;,, and v,. A

voltage of (—v, — v, ) will appear across leakage inductance (L), which resets the leakage inductance

—Uo — IULTVL )

(L1x). Therefore, the current through leakage inductance (L) decreases with a slope of ( 7
1k

In the same time, current (iz2) starts to increase. The difference of these currents will be taken by the
diode (D7) during this interval. At the end of this interval, diode (D;) becomes reverse biased. This

mode ends when currents in both inductors become equal. Fig. 3b gives this mode of operation.

2.3 Mode 3 (¢, to t3)

In this mode, diode (D;) becomes reverse biased and both inductors (L; and Lo) come in series and
supply power to the load. The current in both leakage inductors is same and starts decreasing. This
mode ends when the switch (S,) is turned on again. In this mode, the output voltage appears across

each inductor as per number of turns. This mode of operation is shown in Fig. 3c.

2.4 Mode 4 (t3 to ty)

When switch (S,) is turned on, diode (D) is still in reverse biased condition. Diode (Dz) still continues
to conduct due to the non-zero current in the leakage inductor (Log). Negative voltage across leakage
inductor (Lo ) resets the current through it. This mode ends when the current in inductor Loy becomes
zero and diode (D) becomes reverse biased. The topology starts working again from mode 1. Fig. 3d

gives this mode operation. Analytical waveforms of input current (i;;,), current through each inductor
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Figure 3: Modes of operation. (a) Mode 1. (b) Mode 2. (¢) Mode 3. (d) Mode 4.

(i1 and ip9), voltage across each inductor (vr; and vrs), current through diode Dy (ip1) and gating
pulses over a switching cycle are as shown in Fig. 4a. In the same scheme, when the switch (S,) is
operated with SPWM with twice the output voltage frequency, resulting analytical waveforms as shown

in Fig. 4b.

3 Mathematical Analysis

As proposed converter’s operation is symmetrical and same in both half cycles of output voltage, so only
one switching cycle of positive half cycle of output voltage is considered for analysis. In order to reduce

the complexity associated with the circuit equations, following assumptions are made.

1. All parasitic components, on-state resistance of the active switches and forward voltage drop of the

diodes are ignored.
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Figure 4: Analytical waveforms of the proposed topology. (a) Analytical waveforms of the proposed

topology over a switching cycle. (b) Analytical waveforms of the proposed topology over two full cycles

output voltage.
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remaining parts, it is neglected in order to simplify calculations.

3. Capacitor (C) is large enough to be considered as constant voltage source over a switching cycle.

4. Since, Mode 2 interval time is very less compared to switching period, that can be discarded for

calculating the voltage gain.

3.1 Voltage Gain

Let N1, N2 be the number of turns on primary and secondary and n = (N /Ny) for the topology shown

in Fig.1. Let L; be the primary inductance, therefore inductance Ly can be written as following [24].
L2 = nle.
L1 can be written as

Ly = Ly, + Lig.

Where Lyj is leakage inductance associated with primary winding, L,, is magnetizing inductance. Co-

efficient of coupling (k) is defined as following.
k= Lim
Lm + le .
During switch on time, voltage across magnetizing inductance (vp,,) is given as
’ULm = k‘V;n

During switch off time, relation between current through magnetizing inductance (i,,) and current

through leakage inductance (ip1) is given as following.
ir,, = (L+mn)ig,. (1)

Further, the relation between output voltage (v,) and voltages across inductors (vr; and vps) can be
written as

VL, + VL, = —Uo. (2)
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2
vL, = v, +v5,, and vr, = Uy + Vrok = NUL,, +NUL,, -

Substituting v, , vz, in (2).

(L+n)or,, + (1+n%)vr,, = —v,. (3)
From (1), vy, can be written as
dig, dig,
=L = (1 L ! 4
Thus, from (4), vr,, can be written as
dip, L 1-k

= 71}Lm. (5)

:L —
Y T g T A )Ly T (T )k

Substituting (5) into (3) will give the following equation.

(1+n)k

= oy (Vo) (6)

VLm (n?+2nk+1)

Applying Volt-Sec balance across mutual inductance (L,,) gives

—vo(1 +n)k

VL Vind + (n?2+2nk+1)

(1—d) = 0.

Where d is duty cycle. Solving the above equation gives

vo:< d )(n2+2nk+l):M(d)' 1)

Vi 1—-d (1+4n)
Using above equation, study state gain curves are plotted with k£ = 0.95 for different values of n. These
curves are shown in Fig. 5. Comparison of steady state gain curves of the proposed scheme with the

scheme presented in [13] is made in the Fig. 5. When k& = 1, equation (7) becomes

Vo d
- :m(l—i—n):M(d). (8)

e

From above equation, In order to get output voltage (V) of frequency w rad/s from input voltage (V;y,),

duty cycle can be varied as per the following equation.

d(t) = ((1 n n)v;;”ﬁfgm(wt)) '

10
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Figure 5: Steady state gain curves

3.2 Voltage Stress Across the Switches
3.2.1 For Switch S,

The maximum voltage stress across the active switch (S,,) occurs during Mode 2, i.e. when the switch
(Sp) turns off. The switch (.S,) clamps between input and output terminals. Hence the maximum voltage

stress across the active switch (S,) is
VSp(maz) — Vin + Vo(mazx) (10)

3.2.2 For Switches 51752753 and 54

The maximum voltage stresses across the active switches (S1, S2,S3 and S4) are same and occur at peak

value of output voltage. Therefore, the maximum stress across these switches is vVo(maz)-

3.2.3 For Diode D;

The maximum voltage across it occurs during Mode 1 and Mode 4. In these modes, the diode clamps

between V;,, + v,. Therefore, the maximum voltage across diode (Dy) is

UD:(maz)y — Vin + Vo(mazx) (11)

11
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For diode D5, the maximum voltage across it occurs in Mode 1. Maximum voltage across it is given by
Up, = VL, + VL, + Vo (12)

UDs(maz) — [(1 + n) * ‘/;n] + Vo(maz) - (13)

4 Design of the Components

The design of proposed topology for CCM operation requires determination of the values of coupled

inductor and output capacitor (Cr).

4.1 Design of Coupled Inductor

Let Ay be the allowable current rise from nominal current through inductor (L;). From Fig. 6, voltage

across inductor (L) during At,, can be written as [25]

A ([L]ref X Sinz(wt)) (]Llref x SinZ(Wt)) + AIL] |
L1ref

(I 17er % sinz(wt)) -Alp

//

_ ~
i (A) T g—
[(TL1rer % sin’(wt)) + AL J/(1+n)
(LL1rer > sin’(wt))/(1+h)
[(Teirer % sin” (W)= Al ]/(1+n)
4 li 4 >
kO kl ;
Al oy Al ooy Time (s) —»
Figure 6: A section of primary inductor (L;) current waveform.
Vi (ILlref X sinQ(wtko)) + AILl (ILlref X sinz(wtk)) — AILl
= - (14)
L4 tr — tro tr — tro
Vin _ (Ipires X (sin?(wtgo) — sin?(wty))) + (2 x AlLy) (15)
Ly tk — tko '
12
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Time intervals tyo, tx are switching instants as shown in the figure. Assuming ¢ty —txo = Atop, sin(w(ty —

tko)) & (w X Atoy), tko + tx = 2t and simplifying equation (15), gives the following.

Vi (*ILlref X sm(2wtk) X w X At(m) + (2 X AILl)

= 1
Ly Aty (16)
2 X AILl X L1
Atyp = . 17
o Vi, + Itiref % sin(2wty) X w X Ly (17)
Similarly, At,sy time can be calculated as
2 x Al 1 L
Atops = X Al x (14 n) x Ly : (18)
Vo + Itirey X sin(2wty) x w x (1 4+n) x Ly
Total switching period (7%) is given by
Ts = Aty + Atorr =2 x Al X L1 X L
sooTen off L1 ! Vo + Ipires X sin(2wty) X w X Ly 19)

1
Vo + Iptref X sin(2wty) X w x (1+n) x Ly )

+2XAIL1XL1X (
At the peak of the output voltage where sin(2wt;) ~ 0 and sin(wty) /= 1, equation (19) can be simplified

as following.

TS:le<2><AILI>+L1X(2XAIL1X(1+TL))- (20)
Vi Vo(max)

From above equation, L; can be written as

Ts X Vi, X Vo(mazx)

L= . 21
! 2 x Al x [‘/;n(l + n) + vo(max)] ( )

After calculating L1, Lo can be expressed as following.
L2 = TL2 X Ll. (22)

4.2 Design of Capacitor (Cp)

The value of the maximum energy that can be transferred through coupled inductor decides the value
of output capacitance (Cp). Assuming unity power factor operation, maximum energy transferred from
input to output at the peak of the output voltage. By equating the decrease in energy of the coupled
inductor with the increase in the energy of output capacitor, the result is as follows.

1 (14 n2+2n)

*XLl

5 Ton ((Iz1ref(maz) + A1) —(Ip1ref(maz) — Al11)?]

1
= 5 X CL[(Uo(ma:c) + AU)Q - (Uo(maa:) - Av)z]'

13
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. Ly x (1+4mn) x ILlref(maa:) AV
B Vo(max) x Av '

Cr

(24)

Where, I11ref(mar) is the maximum amplitude of the reference primary inductor current corresponding

to rated output power and Av is the maximum allowable ripple voltage across output capacitor (Cr,).

4.3 Control Technique

In this paper, double-loop control presented in [26] is used for controlling both output voltage and current
in inductor (L7). Control block diagram of proposed converter is shown in Fig. 7. As per double loop
control, voltage control loop (outer loop) for the proposed converter is derived and is shown in Fig. 8.
Similarly, current control loop (inner loop) for the proposed converter is derived and is shown in Fig. 9.
Here 71 and r. are the equivalent series resistances associated with L; and Cp. In both simulation and
experimental conditions, inner loop controllers are tuned for 4 kHz bandwidth with 60° phase margin

and outer loop controllers are tuned for 2 kHz bandwidth with 60° phase margin.

Duty
Vot | Voltage |iiier | Current |cycle (d)
control loop " |control loop for
T T T T T T switch (Sp)
Vo iy Vin Vo 1 Vi,

v Positive  — Gate signal for S,
oref o half cycle ]
detector »Gate signal for S4

Negative |y Gate signal for S;

——p»| halfcycle )
detector [ Gate signal for S3

Figure 7: Control block diagram of proposed converter

5 Simulation Studies

The Proposed 2kW converter topology is simulated using MATLAB/SIMULINK and the parameters
used are shown in Table 1. First, this proposed topology is tested with the resistive load mentioned in
Table 1, and corresponding results are shown in Fig. 10. Gating pulses for all the active switches are

shown in Fig. 10a. From the switching pulses in Fig. 10a, it is evident that only one switch (S,) will be

14

IET Review Copy Only



Page 15 of 25 IET Power Electronics

Thisarticle h%ﬁ@e@ﬁﬁfgm@licmion in afutureissue of thisjournal, but has not been fully edited.
Content may change prior to finat pubkeatton-ih-an-issueof thejournal. To citethe Paper please use the doi provided on the Digital Library page.
! L1

_______________________

i [N ! ICL )
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1
|

! LS C.s
7Y Currentcontrol; —04 j 4 L
S i g =4 S ———
T loop Converter
1+T¢s T VA
n
1+T¢s [&—
T
- 1+T¢s [«
Filterl—'
Figure 8: Voltage control loop (outer loop)
Freezing of integ,ad
————————————————————————————— ) 1
. ¢VLlref E | Vi1 i
IL1ref + o Vizrer @7 1) | d: ¥ 1 i
+ > e V(L) +v - >
. TR- Pl friten + Vin(L+ 1) +Vo B | Vin(1H+0)+Vo _ s | r+sis "
L1 ) ] Vo i
Vo T 1+n L A Converter
—> 1+Tss 1+Tss
1
Filter LT I

Figure 9: Current control loop (inner loop)

Table 1: Simulation Parameters

Parameters Value
Input voltage (Vi) 48V
Output voltage (V,) 230V (RMS)

Output voltage frequency 50 Hz
Switching frequency (for S,) 50kHz
Inductor (Ly) 30 pH
Inductor (Ls) 120 uH

Coefficient of coupling (k) 0.95

Output capacitor (Cr,) 30 uF

Resistive load 26.45%)

R-L load 3002, 2mH
15
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Figure 10: Steady state simulation results of proposed topology for resistive load. (a) Pulses for active
switches (Sy,, S1—S4). (b) Currents (4;y,%11,7r2) and voltage across switch S, (vgp). (¢) Output voltage

(Vo).

operated at higher frequency out of all switches. Input source current (i;,), current through inductors
(ir1 and ir2), and voltage across switch (vgp) are shown in Fig. 10b. As seen from Fig. 10b, all currents
are varying in rectified sinusoidal manner in each full cycle of output voltage. Input current (i;,) and
secondary inductor current (irs) are always discontinuous. Primary inductor current (ir) is combination
of 50 Hz rectified sine wave and high frequency (50 kHz) ripple, which can be evident from the Fig. 10b.
The waveform of voltage across switch (vg,) clearly indicates the alleviation of harmful effects of the
leakage inductance associated with coupled inductor. The output voltage (v,) of the proposed converter
topology is shown in Fig. 10c. Now, the proposed converter topology is tested with an R-L load listed

in Table 1. Simulation results corresponding to R-L load are shown in Fig. 11. Switching pulses for all
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Figure 11: Steady state simulation results of proposed topology (a) Pulses for active switches (Sp, S1—S4).

(b) Currents (in,%11,%52) and voltage across switch S, (vsp) for R-L load. (c) Output voltage (v,)

waveform for R-L load. (d) Output voltage (v,) waveform for non-linear load.

active switches are shown in Fig. 11a, input source current (i;,), current through inductors (iy; and ir2),

and voltage across switch (vg,) are shown in Fig. 11b and output voltage (v,) of the proposed converter

is shown in Fig. 11c. Similarly, the topology is tested with non-linear (single phase rectifier with R-L

load (mentioned in Table 1)) load and obtained output voltage waveform is shown in Fig. 11d.
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Table 2: Experimental Setup Parameters

Parameters Value
Input voltage (Viy,) 60V
Output voltage (V,) 230V (RMS)
Output voltage frequency 50Hz
Switching frequency (for S,) 50kHz
Inductor (Ly) 0.45mH
Inductor (Ls) 1.9mH
Coefficient of coupling (k) 0.95
Output capacitor (Cf,) 2 uF
Resistive load 529 Q

R-L load 600 €2, 2mH

Host cdmputey_%

High voltége
DC power suply

Digital
oscilloscope

Power supplies

“H- Bridge

- inverter
Sy

-

\ N/

R

Sensors inductor*SingIe phase rectifier load

Figure 12: (a) Experimental setup, (b) Zoomed view

To validate the proposed scheme, a 100 W prototype was developed in the laboratory. A power
MOSFET (K16E60W) is used for implementing switch (S,). Diodes (D1 and Dj) are implemented
using power diodes (MSR1560). Power IGBTs (STGF7NB60SL) are used for implementing switches
(81,52, 55 and Sy). TMS320F28335 DSP controller is used to give corresponding switching pulses to all

active switches. Circuit parameters are designed as per aforementioned design rules. Circuit parameters
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Figure 13: Steady state experimental results of proposed topology for resistive load. (a) Pulses for active

switches (Sp, S1—S4). (b) Currents (¢;n,%r51,%r2) and voltage across switch S, (vgp). (¢) Output voltage

(Vo).

used in experimental conditions are shown in Table 2. Developed experimental setup is shown in Fig. 12a,

and its zoomed view is shown in Fig. 12b. The output capacitance (C}) is taken as 2uF. Firstly, the

hardware setup is tested with resistive load (529()), the corresponding

results are shown in Fig. 13.

Switching pulses given for active switches are shown in Fig. 13a. Input current from source (i),

inductor currents (irp1,4r2) and voltage across switch (vg,) are shown in F
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Figure 14: Steady state experimental results of proposed topology. (a) Pulses for active switches (S,, 51—
S4). (b) Currents (i;p,911,%52) and voltage across switch S, (vs,) for R-L load. (c¢) Output voltage (v,)

for R-L load. (d) Output voltage (v,) for non linear load.
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with resistive load is 86 %. This may be due to non optimization of circuit parameters. Secondly, the

proposed topology is tested with R-L load (6002 and 2mH) and the obtained results are shown in
Fig. 14. Switching pulses given for active switches are shown in Fig. 14a, currents in the proposed
topology (iin,ir1,%12) are shown in Fig. 14b and output voltage across the load after using low pass
filter is shown in Fig. 14c. Similarly, the topology is tested with non-linear load (single phase rectifier
with R-L load (mentioned in Table 2)) and obtained output voltage waveform is shown in Fig. 14d.
The obtained experimental results are in close agreement with both simulation and analytical results,
hence validate the proposed scheme. Whenever required output voltage is greater than input voltage, it
acts as boost converter and when required output voltage is lesser than input voltage, it acts like buck
converter. Both buck and boost operations are implemented in each half cycle of output voltage. This

can be verified by output voltage experimental waveforms for each load. THD measurement is done using

Harmonics
& 0:29:50 P E<E
gb MBI o
..... = 1.
------ il T R L LR TEER REER TR EE EEEE T RS R
THDDC 5 9 13 17 21 25 29 33 37 41 45 49
5U  S0Hz 18 EN50160
a
Harmonics
O 0:00:40 P E-E
4 B T
4
........ B P
THDDC 579 1317 2125 2933 37 41 45 49
5U S0Hz 18 EH50160
Harmonics
& 0:00:34 P E~E
e HOBH e
B 1
R B N e TR e T TR PP PP
THDDC 1 5 9 13 17 21 25 29 33 37 41 45 49
5U S50Hz 18 ENS0160

C

Figure 15: Harmonic spectrum of output voltage for (a) R load. (b) R-L load. (c¢) Non-linear load.
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load and non-linear load are 3.0%, 3.4% and 3.7% respectively. Harmonic spectrum of output voltage

for the tested loads are shown in Fig. 15.

7 Conclusion

In this paper a high gain single stage buck-boost dc-ac inverter topology is proposed. This topology has
advantages such as high gain, low switching loss and compact in size. Operation principle of the proposed
topology is explained with analytic details and complete design of the topology components is presented.
From the mathematical analysis, it is observed that the topology provides high gain and performs dc-ac
power conversion in single stage. This observation has confirmed by detailed simulation and experimental
studies. The detailed simulation and experimental results demonstrate the effectiveness of topology in
terms of high gain and free from harmful effects of leakage inductance. Due to these features the proposed
topology with input side passive filter can be used effectively in transferring the power from applications

like photovoltaics, where source output voltage(dc) varies with time.
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APPENDIX

Table 3: Experimental Coupled Inductor Parameters

Parameters Value
Core type E65/32/27
Area product of the core 213000 mm*

Type of conductor used for both inductors Enameled copper (SWG22)
Number of turns wounded for inductor (L) 24

Number of turns wounded for inductor (Lg) 48
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