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Suppression of Common—-Mode Voltage in a Multi-Central Large-Scale
PV Generation Systems for Medium-Voltage Grid Connection

Young-Sang Bae', and Rae-Young Kim '

Abstract - This paper describes an optimal configuration for multi—central inverters in a medium-voltage
(MV) grid, which is suitable for large-scale photovoltaic (PV) power plants. We theoretically analyze a
proposed common-mode equivalent model for problems associated with multi-central transformerless-type

three-phase full bridge(3-FB) PV inverters employing two-winding MV transformers.

We propose a

synchronized PWM control strategy to effectively reduce the common-mode voltages that may simultaneously

occur. In addition, we propose that the existing 3-FB topology may also have the configuration of a

multi—central inverter with a two-winding MV transformer by making a simple circuit modification. Simulation

and experimental results of three 350kW PV inverters in a multi-central configuration verify the effectiveness

of the proposed synchronization control strategy.

The modified transformerless-type 3-FB topology for a

multi-central PV inverter configuration is verified using an experimental prototype of a 100kW PV inverter.

Keywords: central inverter, medium voltage, common mode, leakage current
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Fig. 2 Types of multi-central PV inverters with an MV
transformer: (a) a multi-central inverter with its
own buit-in low-voltage transformer and
two-winding MV transformer; (b) a multi-central
transformerless inverter with a three-winding MV
transformer; (c) a multi-central transformerless
inverter with a four-winding MV transformer; (d)
a multi-central transformerless inverter with a
two-winding MV transformer

Fig. 3 Form of leakage current occurrence in a
multi-central transformerless PV inverter with a
two-winding MV transformer
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Fig. 5 Common- and differential-mode models of the
traditional 2 x 3-FB inverters: (a) a multi-central
transformerless PV inverter with a two-winding
MYV transformer and (b) an equivalent circuit of
common- and differential-modes
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Table 1 Switch voltages for asynchronous switching
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Fig. 6 Asynchronous switching sequences of upper and

lower inverters in traditional 2 x 3-FB PV
inverters
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Fig. 9 Common-mode and differential-mode model of the
modified 2x3-FB inverters: (a) A modified
multi-central transformer-less PV inverter with
2-winding MV transformer and (b) Equivalent

circuit of common-mode and differential-mode
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Table 2 Comparison of multi-central system
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Table 3 Simulation parameters
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. system
Multi- Two- with two_
Topology | winding MV | winding MV .
transformer transformer winding
MV
transformer
Cost and Expensive Lower cost Lower cost
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Fig. 10 Multi-central system with asynchronous timer
interrupt and traditional 3-FB topology
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Fig. 12 Modified multi-central system with
synchronous timer interrupt and
3-FB A-Y topology

Table 4 1MW Multi-central system specification for
PWM synchronization experiments
Parameters Traditional 3-FB inverters
Rated output power 3 x 350kWac
Turn ratio of a
.. 200V 1 229kV
two-winding MV Tr.
Grid frequency 60Hz
) L; 65pH,
LC filt
et D-type Cg: 200uF
Switching frequency 3kHz
PV voltages 690V, 700V, 690V
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(a) IMW test bed of 350 kW traditional 3-FB
transformerless PV inverter and (b) 1MW
multi-central  system configuration diagram
for PWM synchronization experiments

Fig. 13
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Experiment result of the traditional 3 x 3-FB
inverter with PWM synchronization - Voltage:
350V/div, 5Sms/div, Current: 10mV/div (= 5A/div),
5ms/div, Zoom: 100ps/div
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Fig. 17 Experimental configuration diagram for experimental
of the 100kW 3-FB A-Y PV inverter
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Table 5 Specification experiment of the 100kW 3-FB A-
Y PV inverter

Parameters 3-FB A-Y PV inverter
Rated output power 100kWac
Turn ratio of a
310V @ 380V
two-winding LV Tr.
Turn ratio of a )
two-winding MV Tr. B8OV = 229KV
Grid frequency 60Hz
L 250uH,
LC filter D-type Cg: 40uF
Y-type Cui 120uF
Switching frequency 3kHz
PV voltages 600V
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Fig. 18 Experiment result of the traditional 3-FB inverter
topology - Voltage: 200V/div, 5ms/div, Current:
200mA/div, 5ms/div, Zoom: 100ps/div
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Fig. 19 Experiment result of the 3-FB A-Y inverter
topology - Voltage: 200V/div, bms/div, Current:
100mA/div, 5ms/div, Zoom: 100us/div
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