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Abstract
This paper presents about the leakage current suppression technique in transformer less cascaded H-Bridge multilevel inverter
using CPS —PWM technique for PV system .transformer less topologies have many advantages in terms of weight size cost and
efficiency. If transformer is removed galvanic isolation between the PV unit and grid system is lost, leads to insulation of leakage
current depends upon switching sequence generation scheme. Therefore adoption of CPS-PWM technique will reduce the leakage
current in considerable level. The simulation and experimental verifications of the system are obtained through single phase five
level cascaded H-bridge multilevel inverter.
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1. INTRODUCTION

Photovoltaic inverters has been attracting more attention
within private and public sectors, because of their reliability
high efficiency, small size, low price factor. In grid
connected PV system ,galvanic isolation between grid and
PV system obtain through transformer. This reduces the
leakage current between PV unit and ground transformer is
bulk in size and weight and also very expensive. Research
has been concentrated to eliminate transformer in PV
system. The elimination step results in appearance of
leakage current and makes it to flow through between PV
units and the ground. Leakage current leads to increase
losses, electromagnetic and radio interference issues need to
be eliminated with some reasonable range.

If the number of levels in cascaded H-Bridge MLI increases,
leakage current reduces. The cascaded H-Bridge MLI

inverter

suppressing the leakage current in considerable level
compared to conventional level single H-Bridge
inverter. PWM techniques are adopted for producing the
switching sequence to the switches. APOD, POD, PD are
the popular PWM techniques. Alternate phase disposition
(APOD) —energy carrier waveform is in out of phase with its
neighbor carrier by 180 degree. Phase opposition disposition
(POD)-all the carrier waveforms are above the zero
references are in phase and are 180 degree out of phase with
those below zero. Phase disposition (PD) — all carrier
waveforms are in phase.The leakage current suppression for
transformer less inverter categorized into three different
sections adapting different schemes. They are 1.Modulation
schemes 2.Topology improvements 3.Usage of improved
filters.
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Fig 1. Leakage current flowing through the loop
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Fig 1 depicts that the leakage current is flowing through the
loop consisting of Cy, C,, inverter, Ly, L,, grid and Z,.

2. COMMON MODE VOLTAGE

Common mode voltage is given by the following expression
Vem =( VantVin) / 2 +#(Van — Vo) ( Lo-L1) / 2(La+Ly) 1)

In order to eliminate the leakage current, common mode
voltage must be kept constant. If the no of levels in the
cascaded H- Bridge increases ML1 increases, leakage
current reduces. The cascaded H-bridge ML1 suppressing
the leakage current in considerable level compared to the
conventional single H-bridge inverter.PWM techniques are
adopted for producing the switching sequence to the
switches. APOD, POD, PD are the popular PWM
techniques. Alternate phase disposition (APOD) — Energy
carrier waveform is in out of phase with its neighbor carrier
by 180 degrees. Phase opposition disposition (POD) — All
carrier waveforms are above zero references are in phase
and are 180 degree out of phase with those below zero.
Phase disposition (PD) - All carrier waveforms are in phase.

3. PROPOSED TRANSFORMER LESS
TOPOLOGY WITH CPS - PWM TECHNIQUE
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Fig 2. Proposed transformer less MLI topology

Fig (2) shows the single phase five level cascaded H-bridge
topology with PV cells as input. Two basic units are
connected in series to form multilevel inverter structure. The
output voltage levels are Vdc, Vdc/2, 0, -Vdc/2 and

modulation scheme and topology preferred. Simple R load
connection is preferred for the analysis. Leakage current and
common mode voltage are measured in the parasitic
capacitance. Here, common mode voltage is referred as
mean value of voltage between output and common
reference point. Negative terminal (N) of DC voltage is
referred as common reference point. For upper bridge, lower
bridge points N and N° are the reference points. The
common mode voltage equation is

Vem =Vun+ (Vin/ 2) @)

Where,

Vun — Voltage between midpoint of upper bridge legs to the
reference point N.

V- Voltage between the midpoint of lower bridge legs to
the reference point N".

Leakage current proportional to the VCM value equations
are written as,

Vem+ Vun—Vin-V0=0 (3)
Vew+ Vin+ Vi Vyr =0 (4)
V., - Voltage drop across inductance L

V, — Output voltage across resistive load.

Adding V| and V,, we get,

2Vew+ Vun +Vin—Vyr=0

Vem =Vur - Vun— (Vin/ 2) (%)
The value of VCM maybe positive or negative, as already
mentioned, leakage current is directly proportional to
common voltage, by maintaining considerable minimum

value of VCM, leakage current is reduced.

Minimum value of Vey = Vg / (n-1)
scheme)

(in MCPWM

Vem = Ve /2 (in PDMCPWM scheme)
Here, ‘n’ is the number of intervals.

4. PROPOSED PWM TECHNIQUE

The proposed modulation scheme is slightly varied up from
MC-PWM. Carrier signal requirement is reduced into half
the rate. Triangular signals are used as carriers with phase
shift of 180 degrees after each half cycle.

Vdc.Leakage current generation depends upon the
Table 1: Switching Instants Vs Common Mode Voltage
MODE Sw Sou Sau Sau Si SoL SaL Sa Vun Vin Vur Vewm
0TOT/2 1 1 0 0 0 0 1 1 Vgo/2 0 Vie/2 Vem
0 1 0 1 0 0 1 1 0 0 0 2Vewd
Time 0 0 1 1 0 0 1 1 0 Vil2 | Vg2 | Voud
TR2TOT 1 1 0 0 0 0 1 1 0 Vo2 | Va2 | 2Veué
1 1 0 0 1 0 1 0 Vil2 | Vg2 0 Vewd
Time 1 1 0 0 1 1 0 0 Vyo/2 0 Vy/2 0
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From the table, it is evident that, one instant has zero, 3
instants has VVdc/4 and 2 instants has Vdc/4.

MODE 1: 0 to T/2 duration:

The two triangular carrier signals are in phase each other
three levels .The output voltage levels are 0, - Vdc /2 and -
Vdc are generated in their model.

Case 1:

When Vref < Vel and Vc2, Switches Sy, Sa, Ss. and Sy
are turned ON and other switches are in turned OFF
position. So the voltage equations are given by,

VUN =Vdc/2

VLN =0

VUL =Vdc/2

Case 2:

When Vref >Vc2, Vref <Vc2, S,,, Sa, Sz and Sy are
turned ON and other switches are in turned OFF position. So
the voltage equations are given by,

So the voltage equations are given by,

VUN =0

Vin= 0

VUL =0

Case 3:

When Vref > Vcl,Vc2,Switches Ssy, S, Sa and Sy are

turned ON and other switches are in turned OFF position. So
the voltage equations are given by,

VUN =0
Vin = Vg2
VuL = -Vg/2

MODE 2: T/2 to T duration:

The two triangular carrier signals are phase shifted by 180
degree. The three output voltage levels are 0, - VVdc /2 and -
Vdc.

Case 1:

When Vi < Ve, Ve, switches Sy, Sy, Sz and S, are
turned ON and other switches are turned off. The output
voltage equations are given by

Vyn =V /2

Vin =V !/ 2
Vur=0
Case 2:

Vref > Vcl: Vref < ch, Switches Slu: SZu: S3|_ and SlL are
turned ON and other switches are turned off. The output
voltage equations are given by

Vun =V /2
Vin = V! 2
Vyr=0
Case 3:

Viet > Vi, Veo, Stur Sous So and Sy are turned ON and other
switches are turned off. The output voltage equations are

given by
Vun =V ! 2
Vin=0
Vo=V /2

From the above discussions, the common mode voltage
band is maintained at the maximum of Vdc/4.
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Fig 3. Mat lab simulation files for PWM Generation
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Fig 4.Multi carrier Signals for PWM generation (Modulated sinusoidal signal with f=50Hz, triangular signal with f=1 KHz)

awitching pulses for upper cell 511
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Fig 5: Switching sequence waveforms of upper bridge cells
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Fig 6: Switching sequence waveforms of lower bridge cells
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Fig 7: Transformer less multilevel inverter simulation circuit files
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Fig 8.0utput voltage and current waveform of transformer less MLI system with R LOAD without output side inductance
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Fig 9.Leakage current and common voltage waveform of transformer less MLI system with R LOAD without output side
inductance

output voltage

100

i
100

a 0.0 0.0z 0.03 0.04 005 0.06 .07 nog

common mode voltage
o | U TITTIT L ] LTI A | .. .
..................... + TP |

i | N
R0 rpaety |||/ I, T, 1% D | 11 T T | | | 11 T . NILS ||| BT ;
. b |1 TR ST O ol y i, {| A
100 | 1 | [ | 1 | 1

1] 0o 0.0z 0.03 004 005 0.06 0.7 IR0

o 0o 0.0z 0.03 0.04 005 0.0e 0.07 0.0a

leakage current

0 om 0.0z 0.03 0.04 005 008 007 0.0g

Fig 10:Output voltage , current waveform ,Leakage current and common voltage waveform of transformer less MLI system with
RL LOAD with output side inductance
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Fig 11: FFT analysis of the multilevel inverter system with proposed MCPWM technique

Table-11. Comparison Table Of Different Modulation Schemes

PARAMETER Phase Disposition | Phase Opposition Disposition | Hybrid
THD% (VOLTAGE) 31 31 27
THD% (CURRENT) 4.5 5.2 4
CMV Very high High Low
Leakage Current(Peak) | 0.35 0.24 0.24
Leakage Current(Peak) | 0.09 0.08 0.07
Carriers Requirement 4 4 2

5. CONCLUSION

This paper proposes about the methods adopted for the
suppression of leakage current in transformer less multilevel
inverter system which is best applicable for PV applications.
The removal process of transformer in the conventional
system causing the flow of leakage current in the system.
The modified PWM technique requires only two triangular
carrier signals to produce five level inverter output voltage.
The proposed hybrid multicarrier PWM technique results in
the reduced common mode voltage and leakage current in
considerable amount as compared to the other modulation
strategies (PD&POD) technique. It is also observed that the
proposed system reduces the total harmonic distortion in
considerable percentage.
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