
COMMON SWITCHING FREQUENCIES OF
PHOTOVOLTAIC INVERTERS

Why does switching frequency vary in a grid-connected photovoltaic

system? Because the rated power of inverters limits the choice of devices

in filter design,the switching frequency also varies . In a grid-connected

photovoltaic system,two distinctive topologies exist: the multi-string power

station and the centralization power station.

What happens if a PV system has a high switching frequency? The

current flows through the inverter,filter,and grid,and then returns to the PV

generation side through a ground path that may exist without galvanic

isolation. High switching frequency may result in high frequency

common-mode voltageas well as a high amount of common mode

current,that exceeds grid standards allowable values.

Why do inverters need a higher switching frequency? When the inverter

operates at lower power,the switching loss of the power device is no

longer a limiting factor. Therefore,increasing the switching frequency of

the power device according to certain constraints as the output power is

reduced helps to reduce the harmonic content of the grid current and

improve the grid-connected power quality.

How do PV inverters convert DC to AC power? PV inverters convert DC to

AC power using pulse width modulation technique. There are two main

sources of high frequency noise generated by the inverters. One is PWM

modulation frequency &second originates in the switching transients of the

power electronics switching devices such IGBTs.

What is a PV inverter? An inverter is an electronic device that can

transform a direct current (DC) into alternating current (AC) at a given

voltage and frequency. PV inverters use semiconductor devices to

transform the DC power into controlled AC power by using Pulse Width

Modulation (PWM) switching.
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What causes high frequency noise in inverters? There are two main

sources of high frequency noise generated by the inverters. One is PWM

modulation frequency&second originates in the switching transients of the

power electronics switching devices such IGBTs. This component is

mainly attenuated by the LC lter and the transformer.

In photovoltaic systems, parasitic capacitance is often formed between PV

panels and the ground. Because of the switching nature of PV converters,

a high-frequency voltage is usually generated 

The output voltage of a photovoltaic panel is greatly affected by irradiance,

temperature, shading, and so on. A buck-boost type inverter is therefore

required to accommodate the wide fluctuations 

PV Inverter Architecture. Let's now focus on the particular architecture of

the photovoltaic inverters. There are a lot of different design choices made

by manufacturers that create huge differences between the ???

There are four common types of grid-tied PV inverters: centralized, string,

multi-string, and module integrated (MI) [2,3,4,5,6]. Centralized inverters

employ  a solar based thirteen-level grid-connected inverter using the

existing and proposed PWM techniques were evaluated at a switching

frequency of 5 kHz with the PV arrays under UI and 
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Power inverters produce common mode voltage (CMV) and common

mode current (CMC) which cause high-frequency electromagnetic

interference (EMI) noise, leakage currents in electrical drives application

and grid-connected systems, which consequently drops the efficiency of

the system considerably. This CMV can be mitigated by designing suitable

EMI ???

Under the current trend of power electronics in energy systems, a high

percentage of renewable energy transports clean energy to the grid

through grid-connected inverters. The pulse-width modulation (PWM) ???

In grid-connected photovoltaic (PV) systems, power quality and voltage

control are necessary, particularly under unbalanced grid conditions.

These conditions frequently lead to double-line frequency power

oscillations, which worsen Direct Current (DC)-link voltage ripples and

stress DC-link capacitors. The well-known dq frame vector control

technique, which is ???

The installation of photovoltaic (PV) system for electrical power generation

has gained a substantial interest in the power system for clean and green

energy. However, having the intermittent characteristics of photovoltaic, its

integration with the power system may cause certain uncertainties

(voltage fluctuations, harmonics in output waveforms, etc.) leading ???

4 ? Additionally, ZSI can reliably work with a wide range of DC input

voltage generated from PV sources. So, ZSIs are widely implemented for

distributed generation systems and electric vehicles applications [[16],

[17], [18]].Furthermore, a voltage fed quasi-Z-source inverter (qZSI)

proposed in [19] is presented in Fig. 3.Among various inverter topologies,

the qZSI has ???
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of variable high frequency common-mode voltage (CMV) of the inverter,

which circulates between the neutral point of the ac grid and the parasitic

capacitor of the negative terminal of the PV array, for which the parasitic

capacitance value is around 100 nF per 1 kW [5, 6]. Consequently, a

resonant path between the output

Operating with natural convection cooling, this PV inverter achieves 98.0%

efficiency at 60% of load and 97.8% efficiency at full load. The power

density of the packaged PV inverter is $5.8W/inch^3$ .

Reprinted with permission from E. C. Aprilia, V. ??uk, J. F. G. Cobben, P.

F. Ribeiro, and W.L. Kling, "Modeling the frequency response of

photovoltaic inverters", IEEE PES ISGT EUROPE 2012, October 2012.  -

since lower harmonics are more common in the grid, more attention is

given to fit the measurement curve at lower harmonics, as 

For grid integration photovoltaic (PV) system, either compact

high-frequency transformer or bulky low-frequency transformer is

employed in the DC- or AC side of the PV inverter, respectively, to step up

the low output ???

The paper is organised as follows: Section 2 illustrates the PV system

topologies, Section 3 explains PV inverters, Section 4 discusses PV

inverter topologies based on the architecture, in Section 5 various control

techniques for inverters are discussed and in Section 6 properties needed

for grid integration are given.
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The increasingly higher power capacity of a PV inverter has led to the

industrial preference of adopting higher DC voltage design at the PV array

(e.g., 750???1500 V).  Hava, A.M. A Near State PWM Method with

Reduced Switching Frequency and Reduced Common Mode Voltage For

Three-Phase Voltage Source Inverters. In Proceedings of the IEEE 

Common Mode Voltage (CMV) is an import issue in many applications,

such as electric motor drives, and transformerless photovoltaic (PV)

systems. Also, several applications require that the output 

3Opportunities for SiC devices in PV inverters String-type inverters

operate with higher switching frequency than central-type inverters, so

they have the best opportunity to benefit from reduced switching losses. A

two-level (2L) VSI is preferred compared with a 3L VSI to reduce the cost

associated with the SiC power devices.

Scientists in the Emirates have conceived a new space vector pulse width

modulation method that reportedly reduces switching losses and increase

efficiency in three-phase photovoltaic inverters.

Photovoltaic (PV) inverters play an essential role in photovoltaic systems

by converting direct current (DC) to alternating current (AC). We explore

some of the more frequently encountered issues related to these inverters.
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on switching frequency the MTs are cl assified into high switching

frequency (HSF) [15,16] and fundamental switching frequency (FS F) [17].

Both types of modulati on techniques are further

In grid-connected photovoltaic (PV) systems, a transformer is needed to

achieve the galvanic isolation and voltage ratio transformations.

Nevertheless, these traditional configurations of transformers increase the

???

reality demands grid power quality studies involving PV inverters. This

paper proposes several frequency response models in the form of

equivalent circuits. Models are based on laboratory ???

The multi-string photovoltaic power station means that the AC sides of N

inverters are connected in parallel at a single point before connecting to

the grid through a step-up transformer [7].Multi-string GPIs typically exhibit

characteristics of low ???

To ensure the reliable delivery of AC power to consumers from renewable

energy sources, the photovoltaic inverter has to ensure that the frequency

and magnitude of the generated AC voltage
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To ensure the reliable delivery of AC power to consumers from renewable

energy sources, the photovoltaic inverter has to ensure that the frequency

and magnitude of the generated AC voltage are 

duction and switching losses for high-frequency switching such as in solar

inverter applications. Note that the V CE ON and total switching loss (E

TS) values of the trench-gate IGBT are lower than those of the ultrafast

planar IGBT. A typical implementation of a solar inverter employs a

full-bridge topology using four switches (Fig. 2). Here 

A novel bidirectional transformerless photovoltaic (PV) inverter based on

the high-frequency leg (HFL) technique is proposed which can work on

discontinuous current mode/continuous current mode 

Various predictive controllers for grid-connected PV systems have been

proposed in literature like constant switching frequency-based predictive

control, hybrid control with both predictive and hysteresis control, etc.

Constant switching frequency-based control requires the switching

frequency of inverter to be fixed and the current ripple is inconsistent.

The disadvantages of FC-MLI are: (1) the switching combination and

output efficiency are poor for real power transmission, due to high

frequency switching needed compare to fundamental level, (2) inverter

control circuit is required to maintain the voltage balance of the capacitor

and rating of the capacitor is difficult to design, (3) it can control both the

active and ???
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width modulation (PWM) technique brings high-order harmonics near to

the switching frequency, and LCL ???lters with low-pass characteristics

become the common choice for grid-connected inverters. However, the

low-order harmonics caused by nonideal switching characteristics are

dif???cult to ???lter

a Switching frequency leakage current model of a grid-tied non-isolated

PV inverter [17]. Symmetric and asymmetric phase-leg voltages transition

during b Positive half-grid cycle, c Negative half-grid cycle under non-ideal

condition Fig. 2 Power circuit of the proposed inverter indicating the

leakage current measurement location

voltage and frequency. PV inverters use semiconductor devices to

transform the DC power into controlled AC power by using Pulse Width

Modulation (PWM) switching. PV Inverter System ???
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