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Abstract: In this article, a novel single-stage transformerless buck-boost inverter is introduced. The
proposed inverter can share a common ground between the DC input side and the grid; this leads
to having a zero-leakage current. The proposed inverter also provides the buck and boost voltage
capabilities. Additionally, the power switches are operated at high frequency in the half-cycle of the
sinusoidal wave, so the efficiency of the proposed inverter can be improved. Operating analysis,
design consideration, comparison, and simulation study are presented. Finally, a 500 W laboratory
prototype is also built to confirm the correctness and feasibility of the proposed inverter.

Keywords: transformerless topology; common ground; buck-boost ability; single-phase single-stage;
PV inverter

1. Introduction

In recent years, the nearly exhausted fossil fuels and environmental deterioration have
promoted the development of renewable energy sources such as wind power, photovoltaic
(PV), fuel cells, and ocean waves [1-4]. Among these renewable energy sources, the PV
market has several advantages, which include being inexhaustible, as well as its easy
availability and pollution-free operation. Moreover, the main technological evolution for
the PV system is the inverter. The inverter can be divided into two types with transformer
topologies [5-7] or transformerless topologies [8-10]. Although transformer-based inverters
can provide galvanic isolation and protection, they have undesirable properties such as high
cost and weight, with additional losses [9,10]. On the other hand, transformerless inverters
have reduced costs and sizes, and improved efficiency, but the isolation between the PV
panel and the inverter system leads to the occurrence of leakage current. This leakage
current causes a rise in harmonic distortion, in both output voltage and current, which
also results in electromagnetic interference between the PV system and grid. To eliminate
leakage current, the DC current injection from the inverter should also be reduced, as
presented in the standards IEEE 1547 and IEC 61727 [11,12]. Moreover, the transformerless
inverter topologies can be classified into two groups—namely, two-stage configurations
and single-stage configurations. In two-stage configurations, the power processing is
divided into two stages. A DC-DC boost converter is added between the inverter side and
DC input power supply side, which boosts a low-voltage input to the high voltage required
for the second stage [13-15]. The next stage is an inverter that converts DC voltage to AC
voltage to connect with the grid. Two-stage transformerless inverter topologies can have
some disadvantages, including low efficiency, increased cost, and complexity control in a
two-stage configuration. In contrast, single-stage configurations have all the functions of
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boosting ability and maximum power extraction, as well as DC-AC conversion. Compared
with two-stage configurations, single-stage configurations have more benefits, including
compactness, lower device count, lower costs, and greater efficiency [16]. From this point of
view, single-stage inverters are reported in the literature, and their comprehensive review
is given in [17-27]. Common-ground transformerless inverter topologies were introduced
in [21-25,28-30], which directly connect the ground of the grid to the negative of the DC
input source. The common-mode voltage is equal to zero, and it also protects against
any high-frequency content. Therefore, there is no common-mode leakage current in the
presented topologies.

In order to improve the boosting capability and provide common ground with single-
stage configuration, single-stage, common-ground transformerless inverters have been
used in [23] without a continuous input current. However, the power switches are operated
at high frequency. This leads to an increase in the switching loss of the inverter. Similarly, a
buck-boost inverter in [24] with five switches is proposed to achieve the common-ground
condition and wide buck-boost voltage operation. However, three switches are operated at
a high switching frequency in the half-line period. The single-phase transformerless grid-
connected PV inverter introduced in [25,26] also focuses on a doubly grounded inverter
with single-stage conversion and uses fewer components. Nevertheless, the disadvantage
of this inverter is also the high switching frequency of its power switches. To further
improve the voltage gain, a novel step-up transformerless inverter is presented in [27]. This
inverter can provide the common ground between the output and input sides with a single
stage. However, it requires more switches, which increases the size and cost of the inverter
package.

In this article, a novel single-stage common-ground transformerless buck-boost in-
verter (CGBBI) is proposed to eliminate leakage current elimination and achieve voltage
boosting capability. Moreover, the PWM control method of the proposed inverter can
reduce the high switching loss on semiconductor devices. The remainder of this article is
organized as follows: First, the inverter configuration, PWM control method, and operating
principle of the proposed inverter are presented in Section 2. Design guidelines of the de-
vices are given in Section 3. A comparative study is provided in Section 4, drawing on other
existing common-ground buck-boost inverter topologies. Simulation and experimental
results are presented in Section 5 to evaluate the accurate performance of the proposed
inverter. Finally, the conclusions of the study are drawn in Section 6.

2. Derivation of Proposed CGBBI

The proposed CGBBI topology is shown in Figure 1. The major characteristic of the
proposed CGBBI topology is to have a common point between the output side and the
negative terminal of the input DC power supply, which avoids the leakage current [9]. The
proposed CGBBI topology includes five power switches 51-Ss, three diodes D1—D3, two
inductors L1-L,, two capacitors C1-C;, and one output filter inductor Ly. It can be seen that
the proposed CGBBI topology is composed of one buck-boost module, one boost module,
and one power switch operating at low frequency. The buck-boost module comprises three
power switches S1—S53, two diodes D1-D», and a pair of L; and C;. Similarly, the boost
module has one power switch 54, one diode D3, one inductor L,, and one capacitor Cj.

2.1. PWM Control Method for the Proposed CGBBI Topology

Figure 2 presents the PWM control method for the proposed CGBBI topology. When
output voltage v, is higher than 0, switch Ss is turned on, and S4 and S5 are turned off.
However, switches S; and S; are turned on/off alternately at high frequency. When the
output voltage v, is negative, three switches S, Sy, and S are turned off, while S5 is
turned on. In this case, only switch S, is operated at high frequency during this negative
half-line cycle.
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Figure 1. Proposed single-stage common-ground buck-boost inverter.
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Figure 2. PWM control method of the proposed CGBBI topology.

2.2. Operating of the Proposed CGBBI Topology

Interval 1 ([0, t1] or [t, t3]): This interval appears when the voltage Vj, is higher than
Up. In this case, only the buck-boost module is operated. Switch S is turned on, while S5,
S4, and S5 are turned off. It can be seen that only switch S; is turned on and off at high
frequency. Voltage vcy is equal to v,. In terms of the inductor current, i1 approximates the
output current, while 7y 5 is zero.

Mode 1 (Figure 3a): Switch S; is turned off, and diodes D1-D, are forward biased.
Inductor Ly is connected to the capacitor C; and load, to which it charges energy. In this
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mode, capacitor C; provides energy to the load and maintains the constant output voltage
across the load. We have y
L —
{ Lt = —wo 1)

do, . .
Cit =11 — 1o
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+
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Figure 3. Equivalent circuits of the proposed CGBBI topology in interval 1 when 0 < v, < Vj,:
(a) mode 1 and (b) mode 2.

Mode 2 (Figure 3b): Switch S; is turned on, diode Dj is reverse biased and D, is
forward biased. Inductor L; is charged by an input voltage V;,, capacitor C;, and the load.
The inductor current ij; increases linearly. The equations in this mode can be derived

as follows:
di
Ly stl = Vin = 0o (2)
dv . .
Cit =11 — 1o

By applying voltage-second balance condition to an inductor L;, the relationship
between v, and V;,, can be obtained as

0o = d1Viy ®)

where d; is the duty ratio of S;.
Interval 2 ([t1, t]): This interval appears when the input voltage Vj, is lower than v,.
In this case, only the buck-boost module operates. Switch Sy is turned on, while S4 and S5
are kept off. Only switch S, is turned on and off at high frequency. Voltage vc; is equal to
Up, while inductor current iy ; is larger than output current, and inductor current ij, is zero.
Mode 1 (Figure 4a): Switch S, in the buck-boost converter is turned on. Consequently,
diodes D; and D, are reverse biasED. The voltage in inductor L; equals the input voltage
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Vin. Inductor current ip 1 increases linearly, and capacitor C; charges the load. The related
equations are as follows:

di
Ll% = ‘/Zﬁ (4)
Cy 256 = —i,
- Ss
D3 Cz
+
+<h L, D, Ly
Lot 7
i S¢ i S H S3 °

+
L, Vin D, Ssz} C1 - R § Vo

(a)
- Ss
Ds C,
+
nia L pn b
T i |
iL2 84 iin Sl H 83 ° +
+
Lz Vin Dl Sz C1 - R § Vo
(b)
Figure 4. Equivalent circuits of the proposed CGBBI topology in interval 2 when v, > V},,: (a) mode 1
and (b) mode 2.

Mode 2 (Figure 4b): Switch S; is turned off, diode D; is reverse biased, and D; is
forward biased. The power supply and inductor L; charge energy to filter the capacitor and
the load, so capacitor C; is charged, and inductor current i; ; decreases linearly. We have

{ S ®)
173 — 11—
The relationship between v, and V;;,, can be obtained from (4) and (5).
Vi
Uy = 1—d, (6)

where d is the duty ratio of 5;.

Interval 3 ([t3, t4]): The output voltage is negative, and it can be observed that only the
boost module operates in this interval. Switch Ss is turned on and switches Sy, Sy, and S3
are turned off. In this case, only switch Sy is controlled at high frequency. Voltage vc; is
equal to output voltage v,. Capacitor voltage vc; is the total voltage of input voltage and
output voltage, while inductor current i ; is equal to 0, and inductor current ij; is higher
than the output current.

Mode 1 (Figure 5a): Switch Sy is turned on, and diode Dj3 is reverse biased in this
mode. Inductor L, is charged from the input voltage, and the inductor current iy ; increases



Electronics 2022, 11, 829

6 of 19

linearly. The capacitor C; transfers power to the load. The equations of this mode can be
found as follows: ‘
def# =V
e =iy, —ipp @)
Ci dz,;fl = ijy — 12 — 1o

TV
Ss
Ly D, L¢
i i
Sl S3
+ +
D]_ Sz C1 pr— R § Vo
(a)
TV
- Ss
D3 SZ Cz p—
+
Ly D2 Ly
. : Lt io
LY S4 lin A S1 S3 +
+
LE Vi) D, s, RS RS v,

(b)

Figure 5. Equivalent circuits of the proposed CGBBI topology in interval 3 when v, < 0: (a) mode 1
and (b) mode 2.

Mode 2 (Figure 5b): Switch Sy is turned off, and diode D3 is forward biased. Inductor
L, transfers energy to capacitor C, through diode Ds. In this mode, the energy of inductor
L, is also transferred to capacitor C; and the load through S5 and D3, so the inductor current
ir o decreases linearly. We have

di
Ly~ = Viy — vc2

CZ% =i (8)
CrI%6L = iy — iy — ir2
From (7) and (8), we have
_ d4Vin
Vo = d—1 9)

where d, is the duty ratio of Sy.
When v, > 0, the voltage in capacitors C; and C, can be given as

ve1 = Vpsinwt
10
{ ve2 = Vin 10
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When v, < 0, the voltage in capacitors C; and C; can be rewritten as
ve1 = Vpsinwt
C1 0 . (11)
vy = Vi — Vpsinwt

where V, is the peak value of output voltage, and w is the angular frequency.
The relationship between the input voltage and the peak value of output voltage can
be determined as follows: v
o
M V. (12)
where M is the modulation index.
The resulting duty cycles for the PWM modulation are visualized in Figure 2 and are
calculated based on (12).
From (3), (6), (9), (12), the corresponding duty cycles for the PWM control method are
defined in (13) and (14) as follows:

di(t) = Msinwt
{ dy(t) =1 — 3y » When v, >0 (13)
dy(t) =0
di(t) =0
{ dy(t) =0 , when v, <0 (14)
dy(t) = Fiemmiorot

According to (13) and (14), the maximum values of the corresponding duty cycles can
be expressed as
D;. max =M
Dy yax =1 — M with M > 1
Dy oy = 0with M < 1

_ M
D4.max - M+1

(15)

In order to determine the switching state in the PWM control method, shown in
Figure 2, interval 2 is executed when the output voltage is higher than the input voltage.
The values of 1 and ¢, are calculated as follows:

(oot

16
tzzn——sm 1 ) 16)

3. Parameter Design
3.1. Selection of the Inductors

Using (1), (2), (4), (5), (7), and (8), applying the volt-second balance principle on L;
and Ly, the inductors L1 and L currents can be calculated using (17) and (18).

Isinwt, 0 <t <tjandty <t <t3

i = Leinol 1 <t <t (17)
0, t3 <t <ty
. 0,0<t<ts

1y = I, 18

L2 { dsmwt ty<t<ty ( )

where I, is the peak value of output current.
According to (17), (18), and (12), the peak value of inductors L1 and L, currents can be

given by (19) and (20).
Iy = { lo, M <1 (19)

MI,, M >1



Electronics 2022, 11, 829

8 of 19

I = (M+1), (20)

The inductors can be designed by using the equation of their current ripple, using (17),
(18), and (15), while the peak-to-peak current ripple of inductors L; and L, can be defined
by (21) and (22).

V.
mw. M<1
; 4fsLy’ -
AlLLmax ={ (M-1)V, (21)
ML M > 1

Ai _ MV
L2.max — (M—I— 1)st2
where fs denotes the switching frequency.

According to (19)—-(22), the inductance values of L1 and L, can be calculated using (23)
and (24) as follows:

(22)

V.
i M <1
4fsx%I,” —

Li=3 ob 4o 23)

Ml >

MV;

2= (24)

(M + 1) fsx%lo

where x% is the inductors Ly and L, ripple.
Based on the maximum value of the current through the inductors L1, L, in (19) and
(20). The stored energy of the inductor is given by

1
Win = S LI pax (25)

The required area product of the inductor, as cited in [31,32], is

ZWm

A, =
P KuBulm

(26)

where Ky, By, and J;; are the core window of the fill factor, the amplitude of a magnetic
flux density in the core, and the amplitude in current density of the winding conductor,
respectively.

3.2. Selection of the Capacitors

Using the equations given in (15), the peak-to-peak voltage ripple of capacitors C; and
C; can be defined as

V.

in M<1

27 =

AZ)Cl.max = 3(2]\51,(:11)];; M 1 (27)
MfsCy 7 >

Ao B Mi,
C2.max — (M+ 1)fs(cl +C2)

According to (27) and (28), the capacitance values of C; and C; are calculated as follows:

(28)

Vin
Co— ) L M=1 29
1= (M-1)I, M 1 ( )
MiyVer M=
MI,
CG=——"2 __ _C 30
2T M+ 1) fey%V, (30)

where 1% is the capacitors C; and C, ripple.
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3.3. Selection of Switching Devices
The voltage stress across the switches and the diodes are given in (31)—(34).
Vbsi = Vb1 = Vin
Vps2 = Vpss = Vpss = Vp2 = Vo (31)
Vpss = Vp3 = Vin +V,

The current stresses of switches S;—S5 reach the maximum when the output current
has its peak value (I,), as given by (32)—(34).

Isi=Is=Ip1=Ipp=I11=1 M<1 (32)

Is1 = Isp = Is3 = Ipp = I11 = M1, M>1 (33)
ID] = Iosinwtl !

Iss = Isy = Ipg = I1p = (M + 1), (34)

3.4. Power Loss Calculation
3.4.1. Power Loss of Power Switches

The total power loss of the switches is equal to the sum of the conduction losses and
switching losses, given by

PSJot = PSfcon + Pstw (35)
5
PS_con = Z Rdsilgi,rms (36)
i=1
5
Ps s = Y Vsilsiavg (fri +t fi)f s 37)
i=1

where Ry, t,;, and t; are the on-state drain-source resistance, the turn-on and turn-off delay
times of each MOSFET, respectively.
The average and RMS current values through the switches are calculated as

Istaug = 2 [2 Jo! i1 (D (D (wt) + [} iz (Hd(wt)]
1
2

38
Is1pms = {2 Jot i (B)dr (Hd(wt) + [ iL12(t)d((‘Jt)} o
Is200g = 2 | {2 ita (Dda(H)d ()|
b - (39)
Iszome =/ 22 [ 20t
153.avg = % [fttlz iLl(t)[l — dz(t)]d(wt)}
T b (40)
foagme = 2 [ 2001 — da (o)t
Istag = o [ [2 ina(£)da(t)d ()|
27T . (41)
Isagme = /2 [ J27 22 (O0da ) o)
Iss.aog = 2 | 2 lira(t) — in][1 = da(B)]d(t)
42)

JZlia() = L[ = da(8))d(t)]

Is50ms = \/2171 {
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3.4.2. Power Loss of Diodes

The power loss in the diodes includes conduction loss and reverse recovery loss. The
power loss of the diodes is calculated as

PD?tot = Pchon + PDfsw (43)
2 2
PD_con = Z (VFiIDi.avg + RDiIDi.rms) (44)
i=1
3
Pp_sw = Z eriVDifs (45)
i=1

where Vp;, Rp;, and Q,,; are the forward voltage, the ON-state resistance, and the reverse
recovery charge of each diode, respectively.
The average and RMS current values through the switches are calculated as

{ ID1.avg = % Otl ipg (#)[1 —dq(8)]d(wt) (46)
Iotms = \/ & Jgtina2()[1 —di(8)d(wt)

IDZ.rwg = % ft? iLl (t) [1 - dZ(t)]d(Wt) (47)
I2ms = 2k 2 a2 (D)1 = da(t)]d(wt)

{ IDS.avg = % f;n iL2<t)[1 B d4(t>]d(Wt) (48)
Iosms = \/ 2 [25in22(1)[1 — da()]d(wt)

3.4.3. Power Loss of Inductors

The power loss in the inductors includes the core loss and copper loss. The inductor
loss is defined as

P = 2B Ao+ 1 (B s + gy (49)

where B is the AC magnetic flux; f; is the frequency; A, is the core cross-sectional area; [¢ is
the core mean magnetic path length; I 1 ;s and I} ;s are RMS currents of the inductors; 7.
is wire resistance. k, «, and 8 can be found in the manufacturer’s datasheet.

RMS values Ij 1 ;s and Iy 5 ;s can be calculated as

: 2
It pms = \/2171 (2 Jy i (Od(et) + [{2 | 255 d(wt)>

(50)
e e
3.4.4. Power Loss of Capacitors
The power loss of capacitors is calculated as
Pe = rc11y s + 7218 s (51)

where 7¢1 and ¢y are the equivalent series resistance (ESR) of the C; and C, capacitors,
respectively; Ic1 yms and Ico s are the RMS capacitor currents and are calculated as

Ietoms = \/ 2= (S22 (da(d(wt) + [27 [T — ina(t) — io (1) *d(wt) )

_ 1 2 2 2y 211 (52)
Iczms = | 2 (J2 Ui = in2(8) Pda(Dd(wt) + [ 1,21 = da(B)d (D))
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4. Comparison with Other Common-Ground Transformerless Inverters

Currently, the research literature is often focused on extending the buck-boost ability
with higher efficiency, reducing the number of devices, and decreasing voltage stress across
semiconductor devices. To show the potential capability of the proposed CGBBI topology,
a comparative analysis between the proposed CGBBI topology and other common-ground
transformerless inverters is presented in Table 1. It can be seen that the number of devices in
the inverters proposed by [21,23] is lower than that of the inverters developed by [22,24,25],
as well as the proposed CGBBI of this study. Moreover, the total number of devices in the
proposed CGBBI is lower than that of the inverter in [22,24]. Having considered voltage
stress across the power switches, the inverter developed by [22] and our proposed CGBBI
have total switch voltage stress of 2V}, + 4V,, which is lower than that of the inverter
in [21,23-25]. As is clear from Table 1, the number of high-frequency switches in each
period in the proposed CGBBI topology is the least when compared with other inverters.
When comparing diode voltage stress values, it is revealed that the inverter used in [25]
and the proposed CGBBI have lower voltage stress values than the inverters in [22,24].
Compared with the inverters in [28,29], the proposed CGBBI requires a smaller number
of power switches than that in [28,29] and the number of high-frequency switches in each
period in the inverters developed by [28,29] is higher than that of the proposed CGBBI. In
addition, the number of devices in the inverter used in [30] is equal to that of the proposed
CGBBL. However, the total voltage stress of semiconductor devices in the proposed CGBBI
is smaller than that in the inverter [30]. Considering the comparison in terms of component
count, the voltage stress on semiconductor devices, and the number of high-frequency
switches, the proposed CGBBI topology is a better solution than other common-ground
buck-boost inverters mentioned in the literature.

Table 1. Comparison between the proposed CGBBI topology and other common-ground transformer-
less inverters.

Inverter Inverter in Inverter Inverter in Inverter in Inverter in Inverter in Inverter in Proposed
in [21] [22] in [23] [24] [25] [28] [29] [30] CGBBI
Switches 4 6 5 5 5 8 7 5 5
Diodes 2 5 0 4 3 0 1 3 3
Inductors 2 2 2 5 2 1 0 2 2
Capacitors 2 1 2 3 2 1 2 2 2
Total devices 10 14 9 17 12 10 10 12 12
$1:V;
5121 Vl: S1,52: Vi
Switches S1to Sy: S, 54'_ Vin Sy to Ss: Sy to Ss: S1: Vig + V, S3: Vi S 3_Vf” S1, 52 Vf" Vo Si: V""_
stress 2V, 52,531 Vo Vi +V, Vo +V S, toSe: V. S0 SV +V Sy, S5: 2V, S3,54: V, S2,83,S5: Vo
° S5, S6: Vo T o e pEm e e S6: 2V S5: Vo S5 Vin + Vo
2V, Ly
Se, S5: Vo 57 4V
HE switches 4p 3p 2p 3p 3p 5P 4p 2p 2p
) 4N 3N 2N IN IN 3N 5N IN IN
period
Diodes D1, Da: Vi DitoDg ~ PuiVatVe , Dz Vo Da: Vi,
stress . Dy, D3, Ds: V, - Vo +V Dy: Vi - D: Viy Dy: Viy + V, Dy: V,
223 5 Yo mere Dj: V, D3: Vo — Vi D3: Vi +V,

P and N are the number of high-frequency switching in positive and negative half-line periods, respectively.

5. Simulation and Experiment Verifications
5.1. Simulation Results

The operating analysis of the proposed CGBBI topology was verified in the PSIM
simulation version 9.1 [33]. The specifications for simulation are shown in Table 2. The
drain-to-source on-resistance and body-diode threshold voltage of the MOSFETs Sy, Sy,
and S, S3, S5 were set to 25.5 m(), 45 m(), and 8 m(), respectively. The forward voltage of
diodes D to D3 was set to 1.12'V, 0.7 V, and 1.4 V, respectively. Figures 6 and 7 present the
simulation waveforms of the proposed CGBBI topology in both buck and boost operations.
The RMS values of the output voltage and output frequency were set at 110 V and 50 Hz.
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The input voltage values were 60 V and 240 V. In the case of V;,, = 60 V, the modulation
index and maximum values of duty cycles were M = 2.58, D1 max = 2.58, Dy max = 0.61,
Dy max = 0.72. Additionally, with V;,, = 240 V, the modulation index and maximum values
of duty cycles were M = 0.64, D1 max = 0.64, D2 max = 0, Damax = 0.39. The high-switching
frequency of semiconductor devices was 50 kHz. From the design guideline in Section 3,
the parameters of passive devices were chosen as follows: L1 = L, = 0.5 mH, C; =5 puF,
Cy = 1 pFE The input voltage, capacitor C, voltage, output voltage, voltage stresses of
semiconductor devices are shown in Figures 6 and 7. Moreover, the THD values of the
output voltage waveforms were measured at 1.2% and 0.5% for the input voltage of 60 V
and 240 V, respectively. It can be observed that the simulation results well agreed with the
theoretical analysis. The conduction and switching losses of the proposed CGBBI, together
with the simulation results, are shown in Table 3. It can be seen that the simulation results
are close to the power loss analysis.

Table 2. Parameters of the proposed CGBBI topology.

Parameter Symbol Part No./Value
Input voltage range Vin 60-240 V
Output Voltage Vo 110 Vrms
Output frequency fo 50 Hz
Output Power P, 500 W
Switching frequency fow 50 kHz
] 5uF/200V
Capacitors
Co 1 uF/450 V
Inductors L1, Ly 0.5 mH
Filter inductor L¢ 0.5 mH
S1 IRFP4868PbF (300 V, 70 A, Rjs0,, = 25.5 mQ))
MOSFETs Sy, S3, S5 IRFP4668PbF (200 V, 130 A, Rjsp, = 8 mQY)
Sy IPW60R045CPA (600 V, 60 A, R, = 45 mQ))
Dy FF60UP30DN (300 'V, 60 A, V=112 V)
Diodes D, STPS60SM200C (200 V, 30 A, Vi = 0.7 V)
Ds DSEI30-06A (600 V,37 A, VE=1.4V)
Table 3. The power loss of the proposed CGBBI with simulation.
Vi, =60V Vin =240V
Components Currents (A) Losses (W) Currents (A) Losses (W)
Average RMS Conduction Switching Average RMS Conduction Switching
S1 4.1 7.08 1.28 0.75 1.04 24 0.15 1.25
Sy 2.14 5.33 0.23 297 0 0 0 0
S3 2 4.67 0.17 2.77 2.05 3.26 0.09 2.84
Sy 412 8.53 3.27 1.33 1.03 2.99 04 1.63
Ss 2 4.54 0.16 2.77 2.05 3.65 0.11 2.84
Dy 5.24 x 1072 0.26 0.06 0.03 1.01 2.19 1.28 0.13
D, 2 4.67 1.9 0 2.05 3.26 1.68 0
D3 2 5.62 4.38 0.94 2.06 4.05 3.7 1.73
Ly 4.15 7.09 2.01 - 2.05 3.25 0.42 -
L 6.12 10.22 4.18 - 3.09 5.04 1.02 -
G 1.9 x 1073 4.77 0.11 - 3.86 x 1073 1.77 0.02 -
G 9.22 x 1073 1.48 0 - 9.32 x 1073 0.77 0 -
Pioss - - 29.31 - - 19.29
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Figure 6. Simulation results with V;,, = 60 V: (a) the input, output and capacitor C; voltages, (b) the
voltage stress on switches S1, Sy, and the current of inductor Ly, (c) the voltage stress on switches Sy,
S5, and the current of inductor L, and (d) the voltage stress on diodes Dy, D, D3 and the voltage
stress on switch Sj.

5.2. Experimental Results

A 500 W prototype circuit was fabricated and tested to verify the performance of
the proposed CGBBI topology. The specifications for testing are also shown in Table 2.
Figure 8 presents the experimental waveforms of the proposed CGBBI topology when the
inverter operated in boost mode. The maximum value of the output voltage was boosted
to 155 V from an input voltage of 60 V, which corresponds to M = 2.58. Figure 8a shows
the input voltage, capacitor C; voltage, and output voltage for the load value of 24 () and
filter inductor of 0.5 mH. The capacitor voltage V, was half-sinusoidal with DC offset V;,
in the positive half of the output cycle. Therefore, the peak voltage across the capacitor
C, was approximately 220 V. In the negative half of the output cycle, the voltage across
the capacitor C; was equal to the input voltage. The RMS value and THD of the output
voltage waveform were 109 V and 1.6%, respectively. Figure 8b shows the voltage stress
on switches S, Sy, and the current of inductor L;. Figure 8c shows the voltage stress on
switches Sy, S5, and the current of inductor L. The peak currents of inductors Ly and L,
were about 16 A and 23 A, respectively. The high-frequency ripple of inductors L1 and L,
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260
250
240
230

220

-200

current were about 2.5 A and 3 A, respectively. Figure 8d shows the voltage stress on diode
Dj, the voltage stress on switch diodes S3—D;, and voltage stress on diode D3. Similarly,
the proposed CGBBI topology was tested with an input voltage of 240 V, as shown in
Figure 9. It can be seen that the experimental results are verified with the simulation and
the theoretical analyses.

VDS1

B S oo Bosemsesesenese s 200
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0.06 008 01 0.06
Time (s) Time (s)

(© (d)

Figure 7. Simulation results with V;, = 240 V. (a) the input, output and capacitor C, voltages, (b) the
voltage stress on switches Sy, Sp, and the current of inductor Ly, (c) the voltage stress on switches Sy,
S5, and the current of inductor Ly, and (d) the voltage stress on diodes Dy, Dy, D3 and the voltage
stress on switch S3.

Moreover, the efficiency of the proposed CGBBI topology was measured at V;, =60 V
and V;, = 240 V. In this case, the output power of the inverter changed from 25 W to 500 W.
When V;,, = 240V, the proposed CGBBI topology achieved the highest efficiency of 96.1%.
When the input voltage decreased to 60 V, the efficiency of the proposed CGBBI topology
also achieved the highest efficiency of 95% at 350 W. From Figure 10, the EU efficiency of
the proposed CGBBI topology can be obtained at 95.24%. The parameters for the power
losses calculation are presented in Table 4. Figure 11 depicts the power loss distribution of
the proposed CGBBI when V;,, =60 V and 240 V, v, = 110 Vrms, and P, = 500 W.
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Figure 8. Experimental results with V;, = 60 V. (a) the input, output and capacitor C, voltages, (b) the
voltage stress on switches Sq, Sy, and the current of inductor Lj, (c) the voltage stress on switches Sy,
S5, and the current of inductor Ly, and (d) the voltage stress on diodes D1, D,, D3 and the voltage
stress on switch Ss.
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Figure 9. Experimental results with V;, = 240 V. (a) the input, output and capacitor C; voltages,
(b) the voltage stress on switches S1, Sp, and the current of inductor Ly, (c) the voltage stress on
switches Sy, S5, and the current of inductor Ly, and (d) the voltage stress on diodes D1, Dy, D3 and
the voltage stress on switch S3.
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Figure 10. Efficiency measurement with V;, =60 V and V;,, =240 V.

Table 4. Parameters for power loss analysis.

Parameters Values
Core CM777125 (142 nH/N?)
Inductors Ly, Ly
Parastic Resistor 40 mQ)
ESR of Cq 49 mQ)
Capacitors
ESR of Cy 14 mQ)
IRFP4668PbF (200 V, 130 A, Rjsp, = 8 mQ))
MOSFETs IRFP4868PDbF (300 V, 70 A, Rjson = 25.5 mQ))
IPW60R045CPA (600 V, 60 A, Rjsp, = 45 mQ))
STPS60SM200C (200 V, 30 A, Vg =0.7 V)
Diodes FF60UP30DN (300 V, 60 A, Vp =1.12V)
DSEI30-06A (600V,37 A, VE=1.4YV)
35
B Vin=60V
30 28.81
B Vin=240V
— 25
= 20.08
g 2 15.42
Z 15 '
o
&~ 0 9.82 8.71
7.15 6.02
5
- . 1.52 0.22 0.03
0 [
Switches loss Diodes loss Inductors loss ~ Capacitors loss Total loss

Figure 11. Power loss distribution of the proposed CGBBL.

6. Conclusions

In this article, a common-ground buck-boost inverter topology was introduced, and its
theoretical analysis was discussed in detail. In the proposed inverter, there is no common-
mode leakage current because the ground of the output side is directly connected to
the negative of the DC input power source. The proposed common-ground buck-boost
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inverter topology also provides buck-boost capability by controlling the duty cycle of
power switches. In addition, few power switches operated with high-switching frequency,
so the efficiency of the proposed inverter can be improved. Furthermore, the simulation
and experimental verification were presented with a 500 W prototype inverter. The results
highlighted that the proposed inverter can steadily operate and have good performance.
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