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ABSTRACT

The conventional network-connected photovoltaiceiter includes either a line frequency or a higigérency
transformer between the inverter and grid. Manggfarmerless topologies for photovoltaic (PV) sysevere planned in
order to diminish power losses and avoid high kevefl common-mode current. In household network eoted PV
applications a single phase converter is typicadigd. The abolition of the output transformer frogtwork-connected PV
systems not only reduces the cost, mass, and weiglite conversion stage but also increases theeraysverall
efficiency. The model of a photovoltaic (PV) netwaonnected converter usually comprehends a galvisoilation
between the network and the PV panels. Recentlpwrpower systems, the galvanic segregation has beparated with
the aim to increase efficiency and reduce the @bste converter. Due to the of a stray capacitdratereen the PV panel,
usually connected to earth, a high value of commode current (i.e., ground leakage current) caseaihile protection
requirements in transformer less systems can bebyanheans of outside elements, common-mode cuaedtthe
vaccination of direct current (dc) into the netwankist be assured topologically or by the inverteostrol system. In
order to bind the common mode current, new convéof@logies have been planned. Amplitude and specof the soil
current depends upon the converter topology, thiéckiwwg strategy, and the resonant circuit formed the soil
capacitance (stray capacitance), the convertera¢hiiiter, and the network. Experimental and ntatémulation result
confirm the effectiveness of the planned solution.

KEYWORDS: Common-Mode Current, Junction Capacitance, PV S8ysteSinusoidal Pulse Width Modulation

(SPWM) Strategy, Transformerless Inverter
INTRODUCTION

In network-connected, low-power PV plants, a plaatsingle phase converter is used to make sinmggvork
connection a line transformer or a high-frequemapsformer is typically present in its architectiRecently, with the aim
of minimizing power losses and cost, many reseascinestigated the possibility of removing thensbrmers and a few

transformers less topologies have been proposeatkefarork-connected power converters [1],[2].

In single phase topology the fubiridge is widely used. This topology allows bipolar unipolar PWM
modulation. From fig.1 the common-mode voltage lteduring a switching cycle in case of unipolar PWM@snputed in

this section [4].In a full bridge converter, thenmmon mode current can be controlled by imposingmrstant common
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mode voltage Vcm, defined gs -Vao*VBO

cm 2 (See fig.1, where the reference potential is tlwedide of the dc bus), at

the converter output [3].

- - ,..,L,.
Figure 1: Full-Bridge Inverter with PV DC Source [4]

This is made to positiveoutput voltage and current (first quadrant opersfjp output voltage is as

Vag =Vao Vo The switching cycleonsists of four possible configurations:
VBUS
T1, T4 On (T2 and T3 Off)s = , =—,
n(T2an M ag =Veus Vem™ -
T2, T4, D2 OnvAB = 0 . Low side current freewheeling through D2, ™, _
VBUS
T1, T4 On (T2 and T3 Off)i = V. o= .
n(T2an Mvag =VBus ' Vem™ >

T1, T3, D3 OnV,g = 0. High side current freewheeling through T1, Q%,m = VBUS .

The common mode voltag‘éCm varies from 0 toy and a large ground leakage current will flow.

BUS

COMPENSATION OF ASYMMETRIC COMMUTATION FOR UNIPOLAR  TRANFORMERLESS
(UNITL) INVERTER

* Basic idea able to solve this problem are showifigi2, which two additional blocks are added nanixd

Decoupling block, which limits the common mode agk toVpg e /2 value.

» The DC decoupling blocks disconnect the full bridgem DC Source during the current freewheelingribg
low side freewheeling T6 is switched off while chgihigh side freewheeling T5 is switched off [5, 6]
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Figure 2: UniTL Topology [5]

The PWM switching strategy is shown in Fig.3, wheignals of the standard unipolar PWM are x and y.

Positive-semiperiod Negative-semiperiod

J—
// ™~ Vo T1,T4=0f
e !

T5=y.T6=x

Figure 3: UniTL Modulation Switching Scheme [4]

In order to improve the efficiency, converter mungtct current into the grid with a unity power fac During the
high-side freewheeling phase, the injected gridemitris flows through T1 and D3) T5 is OFF andh#age at the high-
side of the full-bridge, in ideal conditions, eqdgys/2Similarly, during the low-side freewheeling, T§ OFF and the
voltage at the low-side of the full-bridge, in itleanditions, equals ¥,s/2 [6].

SIMULATION RESULTS

For the simulation of Single phase inverter with B€toupling the simulation parameters are use akdwn in
Table 1.

Table 1: Simulation Parameters of Full Bridge Inveter

Bus Voltage Vgus = 400V
Grid voltage Vrid = 230Vme
Grid frequency f=50Hz
Ground to neutral resistance| &\ = 20hm
PV parasiticcapacitance pic= 14nF
Inductor output filter L=2mH
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Table 1: Contd.,
Capacitor output filter =2.27F
Passive damping resistance ¢ R0.5 ohm
Grid inductance Liq = 400H
Switching frequency sf, = 10kHz
DC link Capacitor (calculated C=4mF

Figure 4: Simulation Results (A) Grid Voltage and @Gid Current (B) Stationary Frame Component of Grid Current
(C) Grid Frequency (D) Grid Phase Angle (E) Synchroously Rotating Frame of Grid Current

From simulation result we can see that the gridag@l and grid current are in phase and phase anlgieked. In

order to improve the efficiency, the converter nmingict current into the grid with a unity powecfar.
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Figure 5: Simulation Results of (a) Common-Mode Vaage
(b) Ground Voltage (c) Common-Mode Leakage Current

Simulation results show that a small asymmetrnhagwitching circuit would lead to strong variatimfr\/cm, up

to v, (i.e. 400 volt), as a consequence the groundage\l/t | contain high frequency components with the
< groun

fundamental grid frequency (Fig. 2.1 (c)). The tsg common-mode leakage current is very largeatimn about 0.8A,

as shown by Fig. 2.2 (c). Hence the variation ahomn-mode voltage is same as of a conventionabfidige inverter

driven by unipolar PWM [4]. So common-mode leakagerent also increases and asymmetry caused conmnocie

leakage current with maximum variation magnitud@.8A at any instant.

Therefore it is necessary to reduce common modeg®lvariation, as a result of this common modé&dga

current automatically reduce.

ADDITIONAL CLAMPING DIODES TO REDUCE COMMON MODE VO LTAGE VARIATIONS
FOR UNIPOLAR TRANSFORMERLESS INVERTER

Common mode voltage variations reduction due tomasgtric commutations is takes place only during
freewheeling phases, is realized by adding twotamfdil low power switches which clamp the highloe tow sides of the
full-bridge. In order to avoid the complexity whiattroduced by two controlled switches so two dedee used instead of

power switch [4, 7].
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— A l"ll—

i l
Figure 6: UniTL Topology with Clamping Diode [7]

From figure we see that the clamping diode D1 aBdaie added. Therefore both high side and low sfdall
bridge are floating to the midpoint voltay§,, due to parasitic capacitances; starts to dectmatshe inserted diode will

clamp it to \bys/2.

PWM switching strategy is shown in figure below,esm x and y are standard unipolar PWM signals.

I
Positive-semiperiod | Negative-semiperiod

T1T4=0ff
T5=k,T6=y

T2 Ta=04f
To=y,T6=x

Figure 7: PWM Control Strategy for Every Semi-Periad

With above figure we can say that in first quadmmerations (positive output voltage and currems) following

sequential configurations are possible in a switghdycle:

VBUS

T1, T4, T5, T6 ONV,g =Vpe, Vo = )

. - ; : .= - _ Veus
T2, T4, T5, D2 ONV,; = 0. Low side current freewheeling through T4, D4;,, =V,g =V, =
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VBUS
T1, T4, T5, T6 ON:V,5 =Vpe, Von = —2.

VBUS

T1, T3, T6, D3 ONV,g = 0.High side current freewheeling through T1, Q3::VAO =V,, =

The common mode voltag%m is locked toV,,,o/2 and ground leakage current reduces.

SIMULATION RESULTS

For the simulation of Single phase inverter with B&€Zoupling and clamping diode the simulation patens are use as in

shown in Table 1.

Y

g B & & 80
T T

PLL frequency

I L L I I L L
11 12 12 14 15 15 17 18 19

Figure 8: Simulation Results (a) Grid Voltage and @&d Current (b) Stationary Frame Component of
Grid Current (c) Grid Frequency (d) Grid Phase Angle (e) Synchronously Rotating Frame of Grid Current
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From simulation result we can see that the gridagel and grid current are in phase and phase anligieked. In

order to improve the efficiency, the converter muogct current into the grid with a unity powecfar.
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Figure 9: Simulation results (a) Common-Mode Voltag (b)
Ground Voltage (¢) Common-Mode Leakage Current

Also simulation results confirm the hypothesis. Tlwe diodes impose a maximum voltage equal 4952 across

T5 and T6 when they are off. Nevertheless the perdnces of this simple solution are affected byvileie of the PCB

parasitic capacitances and inductances.
Simulation result also show the common mode voltdgge is locked toas a \iyg/2; consequence the ground

voltage \ounadoesn’t contain high frequency components and téyfundamental grid frequency is present (Figarg.

(©)). The resulting common-mode ground leakageeaiiiis very small 13mA, as shown by Fig. 3.2 (C).

CONCLUSIONS
Several transformerless topologies are studiedsandlated in term of common mode voltage, grountiage

and leakage current. In dissertation a feasiblatisol to reduce ground leakage current in transéokess full bridge
converter driven by unipolar PWM is described aintutated. It relies on two suitable blocks added typical full bridge

converter scheme: the DC decoupling block and tampging diode with the aim to lock the common matdéage to

VDC/2.
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