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Abstract 

Grid-tied inverters serve as key equipment to guarantee the reliable operation of modern power systems dominated by renewable 

energy sources. Under asymmetric grid conditions, injecting negative-sequence current is a widely adopted control strategy for 

three-level grid-connected inverters to suppress grid voltage unbalance. However, this paper discovers an unreported 

phenomenon that obvious 50 Hz fluctuations arise in the half DC-bus voltage of three-level inverters during negative-sequence 

current injection. To clarify the generation mechanism of this voltage fluctuation, Fourier series decomposition is employed to 

analyze the coupling relationship between sequence components of voltage and current. The theoretical analysis demonstrates 

that the interaction between negative-sequence voltage and negative-sequence current constitutes the primary cause of the 50 Hz 

oscillation on the half DC-link voltage. Based on the revealed mechanism, the allowable safe operating range of the half DC-bus 

voltage is deduced quantitatively. Finally, simulation tests are carried out in the MATLAB/Simulink environment. The obtained 

results verify the correctness of the theoretical derivation and the proposed operating range constraint. This work provides a 

theoretical reference for parameter design and stable operation of three-level grid-tied inverters under unbalanced grid faults. 
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1. Introduction 

Three-level grid-connected inverters are widely used in 

practice due to their reduced voltage stress and simpler control. 

Excessively high or low DC-side half-bus voltage can trigger 

overvoltage protection or overmodulation, respectively. 

Therefore, achieving a stable half-bus voltage is essential for 

optimal system performance. Recent literature has explored 

the mechanisms and methods for reducing positive and nega-

tive half-bus bias voltages [1-8], while also investigating the 

sources of 150Hz fluctuations in half-bus voltage [9-15]. No-

tably, this paper reveals that under certain operating condi-

tions, such as under asymmetric voltage faults, there is a sig-

nificant 50Hz fluctuation in the half-bus voltage, as shown in 

Figure 1. This phenomenon has not been observed in previous 

analyses. By thoroughly examining the sources of these 50Hz 

fluctuations, this paper offers a strategic approach to selecting 

the operating range of the half-bus voltage. 
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Figure 1. Half-bus voltage waveform of three-level inverters when 

inverters start to output negative-sequence current from 2s. 

2. Analysis of 50Hz Current at the 

Midpoint of the Dc-link Capacitor 

1) Mechanism Analysis 

 
Figure 2. System diagram of the inverters with dc-link capacitor. 

As can be seen from Figure 2, the relationship between the 

current flowing into the midpoint and the midpoint voltage is: 

dc o
1

dc o
2

d( / 2 )

d

d( / 2 )

d

V V
i C

t

V V
i C

t




 


               (1) 

o
1 2

d
2

d
np

V
i i i C

t
   

              (2) 

where C is the half-bus capacitor value. 

Therefore, the variation of the DC-link midpoint voltage 

can be expressed as: 

o
1

d
2

npV i t
C

                  (3) 

inp represents the sum of phase currents when the switch state 

is 0 [9]. When considering low-frequency components, the 

half-bus current inp(t) at any given moment satisfies [9]:
 

np(t) a(t) (t) b(t) (t) c(t) (t)(1 ) (1 ) (1 )a b ci v i v i v i           (4) 

where, va(t), vb(t), vc(t), ia(t), ib(t) and ic(t) represent the 

modulated wave voltages and output current of phase a, phase 

b, and phase c, respectively. 

Under asymmetric operating conditions, for the three-phase 

three-line system, the point of common coupling (PCC) volt-

age often contains positive, negative, and zero-sequence com-

ponents. Output current contains positive and negative-se-

quence components. Therefore, (4) can be simplified as fol-

lows: 

np(t) a(t) (t) b(t) (t) c(t) (t)a b ci v i v i v i            (5) 

The three-phase inverter voltages are respectively: 
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The output currents are respectively: 
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The core of formula (5) lies in deriving the expression av , 

bv  and cv . Taking bv  as an example, the derivation is 

as shown in Equation(A-1) of the Appendix. Where the ex-

pression of phase γb is 
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Equation(A-1) can be simplified as 

( ) sin( )b b bv t A t               (10) 

According to Fourier series, 
bv  can be expressed as: 

0

1

( ) cos( ) sin( )
n

b b nb nbv t a a n t b n t         (11) 

This article primarily analyzes the sources of 50Hz fluctu-

ations, thus emphasizing the analysis of direct current (DC), 

fundamental frequency, and second-harmonic components, 

while temporarily disregarding the impact of other compo-

nents. 

The coefficient of the DC component a0b in (12) is： 
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The cosine-term coefficient of the fundamental component 

a1b is derived as 
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The sine-term coefficient of the fundamental component b1b 

is derived as 
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The cosine-term coefficient of the second-harmonic com-

ponent a2b is derived as 
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The sine-term coefficient of the second-harmonic compo-

nent b2b is derived as 
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2) Derivation of the output current from the midpoint of the 

dc-link capacitor 

The absolute values of the three-phase inverter voltage are 

respectively: 
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Thus (18)~(20) can obtained. 
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The derivation of Equation (18) is given in Eq. (A-2) of the 

Appendix. 
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The summarized result of M is given by Eq. (A-3) in the 

Appendix. 

The 50Hz component in the half-bus voltage is shown as 

(21). 
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3. Influencing Factors of 50Hz 

Fluctuation 

Under the balanced PCC voltage, i.e., 2 0 0U U  , can be 

simplified as: 

 o_50Hz 1 2 2

1
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C
V U I t 


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According to Eq.(30), the magnitude of the 50Hz half-bus 

voltage oscillation is directly proportional to the product of the 

positive-sequence voltage and the negative-sequence current, 

while being inversely proportional to the capacitance value on 

the DC side. Therefore, reducing the negative-sequence cur-

rent or increasing the DC-link capacitor value can both help 

reduce oscillation of the DC-link midpoint voltage. 

Under asymmetric PCC voltage conditions, apart from the 

negative-sequence component in the output current, the volt-

age also contains the negative-sequence component. Both of 

these will affect the amplitude of the half-bus voltage fluctua-

tion. A detailed analysis will be presented throughout the full 

text. 
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