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Abstract To explore the clustered voltage balancing

mechanism of the cascaded H-bridge static synchronous

compensator (STATCOM), this paper analyzes the causes

of unbalanced clustered voltage. The negative-sequence

current caused by the compensation of unbalanced reactive

power or detection and control errors and the zero-se-

quence voltage caused by voltage drift of the STATCOM

neutral point contribute to unbalanced clustered voltage.

On this basis, this paper proposes a control strategy to

inject negative-sequence current and zero-sequence voltage

simultaneously. The injection of negative-sequence current

may cause current asymmetry in the grid, and the zero-

sequence injection has a relatively limited balancing ability

in the clustered voltages. The proposed control strategy can

not only generate a faster balancing response than the

traditional zero-sequence voltage injection method, but

also lower the extent of current asymmetry compared with

the traditional negative-sequence current injection method.

Then, the negative-sequence current and zero-sequence

voltage injection are further transformed into the dq frame

to establish a unified frame. The effectiveness of the pro-

posed control strategy is verified by the simulation and

experimental results.

Keywords Cascaded static synchronous compensator

(STATCOM), Clustered voltage, Control strategy,

Negative-sequence current, Zero-sequence voltage

1 Introduction

Static synchronous compensator (STATCOM) plays a

significant role in controlling power factor, regulating grid

voltage, stabilizing a power system, etc. The cascaded

H-bridge topology is a common topology for STATCOMs

of high voltage and high power due to its simple structure

and modularity [1]. Each of the cascaded H-bridge con-

verters is furnished with an isolated and floating DC

capacitor deprived of power source or circuit [2]. The

cascaded H-bridge STATCOM injects specific reactive

current through capacitors in each H-bridge unit. How-

ever, the DC voltage imbalance of the capacitors has been

a very critical issue, which affects the safety operation of

the STATCOM and leads to system collapse [1]. To

ensure the safety operation of the device and to realize

precise current control, regulating strategies over voltage

balancing of the capacitors are necessary. The causes of

unbalanced clustered voltage have been analyzed in [3],

and this study attributes this phenomenon to the negative-

sequence voltage of a grid. However, the negative-
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sequence voltage only accounts for a small portion of the

grid voltage; therefore, there should also be other causes

for this phenomenon.

To solve the problem of unbalanced DC voltage across

each floating capacitor, various research works have been

carried out and the resultant papers have been published in

[1–23]. The hierarchical voltage balancing structure is first

proposed to solve the imbalance problem in [4]. The

voltage balancing can be divided into three layers,

including overall voltage control, clustered voltage bal-

ancing control, and individual voltage balancing control.

This paper mainly focuses on the second layer, clustered

voltage balancing control. For overall voltage control, a

proportional-integral (PI) controller in the dq frame is

usually adopted to regulate the sum of voltages of all the

capacitors in three phases [4, 17, 22]. For individual volt-

age balancing control, multiple research studies have been

conducted in [5–12]. The individual phase instantaneous

current tracking method is employed in [5] to control the

voltage of each DC capacitor. Reference [6] adopts a novel

balance control method for individual DC voltage balanc-

ing based on the popular carrier phase-shifted sinusoidal

pulse-width modulation (PWM) strategy, and this method

makes the control strategy simpler and more flexible.

References [13–15] have further proposed the individual

voltage balancing strategy based on space vector modula-

tion and another method of current injection, the root-

mean-square (RMS) of which is zero, as presented in

[16].

For a clustered voltage balancing control, the PI con-

troller is first adopted to regulate the DC clustered voltages

of the capacitors in [4]. On this basis, the clustered voltage

balancing strategy based on the loop-gain shaping con-

troller in the dq frame is described in [22]. However, the

injection components of these clustered voltage balancing

strategies are not analyzed and the injection components

may include positive-sequence and other components that

may not be necessary for the clustered voltage balancing.

This may lower the efficiency and affect the balancing

strategy. Therefore, the voltage balancing technique based

on negative-sequence current injection [17] and zero-se-

quence voltage injection [18] is proposed to eliminate the

imbalance of the voltage between the clusters. Based on

[17], a new clustered voltage balancing control is realized

by regulating the negative-sequence modulation reference

voltage in the dq frame [1]. Considering the merits and

demerits of zero-sequence voltage and negative-sequence

current injection, one of the two kinds of injection is

applied according to the load currents of the grid in

[19, 23]. The zero-sequence voltage injection may lower

the DC voltage utilization and have a relatively limited

ability in the clustered voltage balancing, while the nega-

tive-sequence current injection results in significant peak

current and even triggers the current asymmetry of the

power grid. Thus, voltage balancing strategies to improve

the DC voltage utilization by regulating the effectiveness

between the zero-sequence voltage and negative-sequence

current injection are proposed [20]. On the basis of these

studies, reference [21] provided the voltage balancing

strategy to manage the peak current and the modulation

index simultaneously. However, it should be noted that the

possible demerits, current asymmetry of the grid caused by

the negative-sequence injection and the limited ability in

the clustered voltage balancing of the zero-sequence

injection, remain to be solved.

This paper first analyzes the causes of the unbalanced

clustered voltage. The negative-sequence current caused by

the unbalanced loads and the zero-sequence voltage caused

by the voltage drift of the STATCOM neutral point con-

tribute to this unbalanced clustered voltage. On this basis, a

novel control strategy to inject the negative-sequence

current and zero-sequence voltage simultaneously is pro-

posed. The proposed control strategy can generate a faster

balancing response. It also lowers the extent of current

asymmetry by reducing the negative-sequence current

injection. To establish a unified frame, the negative-

sequence and zero-sequence injections are further trans-

formed into the dq frame. The effectiveness of the pro-

posed control strategy is verified by simulation and

experimental results.
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Fig. 1 Circuit configuration of cascaded STATCOM
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2 System configuration

The circuit configuration of the cascaded STATCOM is

shown in Fig. 1. The cascaded STATCOM is composed of

three identical clusters with a star connection. Each cluster

consists of N series of H-bridge units and is connected to

the grid through an inductance L. usa, usb, and usc are the

three-phase grid voltages; uaN, ubN, and ucN are the three-

phase output voltages of the STATCOM; iLa, iLb, and iLc
are the three-phase currents of the grid loads; ia, ib, and ic
are the three-phase output currents of the STATCOM;

Udc,1, Udc,2, and Udc,N represent the voltages across each

capacitor.

3 Analysis of unbalanced clustered voltage

In practical engineering projects, the phenomenon of

unbalanced clustered voltages is quite common. Most lit-

eratures attribute this phenomenon to the difference of the

electronic devices and the unbalanced grid voltage. How-

ever, there are other important factors that trigger this

problem and few literature studies have been conducted to

explore the causes behind this.

Most literatures have not provided any specific instruc-

tion on how to measure the output voltage of the cascaded

STATCOM and decompose it into only the positive-se-

quence component [1, 7, 8] and some with minor portions

of the negative-sequence component [19–21]. The com-

ponent of the output voltage is the same as the grid voltage

in these circumstances. However, they have not considered

the zero-sequence voltage [17, 18]. The voltage of each

cluster is a reflection of the active power flow of the

STATCOM, and the active power flow of each cluster

should be calculated with the output voltage and current of

the cascaded STATCOM, i.e., uaN, ubN, ucN, ia, ib, and ic.

The active power flow of the converters are replaced with

the active power flow of converter together with the

inductor in this study because the inductor will absorb no

active power from either the grid or the converter. There-

fore, the cluster voltages used to calculate the active power

flow, uaN, ubN, and ucN, can be replaced by usaN, usbN, and

uscN, as shown in Fig. 1.

The following equations (1)–(3) are derived based on

the following assumptions:

1) The grid voltages are balanced and only the positive-

sequence voltage exists.

2) The STATCOM generates only the reactive power to

correct the power factor, and no additional injection is

included to balance the voltage of each capacitor.

Then, the output voltage of each cluster and the current

of the cascaded STATCOM can thus be expressed as (1)

and (2), respectively.
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2
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3
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2
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3
775þ
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where Up is the amplitude of the positive-sequence voltage

of the grid; x is the grid frequency; U0 and /0 are the

amplitude and the phase angle of the zero-sequence

voltage, uON, caused by the voltage drift of the neutral

point, respectively.

ia
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where Ip and up are the amplitude and the phase angle of

the positive-sequence output current, respectively; In and

un are the amplitude and the phase angle of the negative-

sequence output current caused by the compensation of

unbalanced loads or detection and control errors,

respectively.

The active power flow of each cluster can thus be

expressed as:

Pa
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2
664

3
775 ¼ 1

T

Z T

0
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2
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2
64
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2
6664

3
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where T is the time of each period. It can be seen from (3)

that UpIpcosup is the same component of Pa, Pb, and Pc that

will contribute no imbalance to the three phases. The

negative-sequence current caused by the compensation of

the unbalanced loads or detection and control errors, and
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the zero-sequence voltage caused by the voltage drift of the

STATCOM neutral point contribute to the unbalanced

voltage of each cluster. This phenomenon is thus

inevitable.

4 Control strategy of cascaded STATCOM

Figure 2 illustrates the overall control block diagram of

the cascaded STATCOM. The control diagram can be

divided into three layers. The first layer, active/reactive

power control, is designed to control the overall DC volt-

age Udc,sum and correct the grid power factor by generating

a reactive power. The second layer, clustered voltage bal-

ancing control, aims to balance the three clustered voltages

Udca, Udcb, and Udcc. The third layer, an individual voltage

balancing control, is to regulate the voltage of each

capacitor (Udckj, k = a, b, c, j = 1, 2, …, N). This paper

mainly focuses on the control strategy of the second layer.

4.1 Transformation between different frames

The overall DC voltage control and reactive power

control is conducted under the dq frame. However, the

traditional clustered voltage balancing control has been

calculated in the form of symmetrical components (posi-

tive-sequence, negative-sequence, and zero-sequence). In

order to keep pace with the dq rotating frame, this paper

puts forward a clustered voltage balancing control strategy

conducted in the dq frame.

Tdq0
pn0 ¼ Tdq0

ab0T
ab0
abcT

abc
pn0 ð4Þ

Tpn0
dq0 ¼ ðTdq0

pn0Þ
�1 ¼ ðTabc

pn0Þ
�1ðTab0

abc Þ
�1ðTdq0

ab0Þ
�1 ð5Þ

Tdq0
ab0 ¼

sinxt � cosxt 0

� cosxt � sinxt 0

0 0 1

2
4

3
5 ð6Þ

Tab0
abc ¼ 2

3

1 � 1

2
� 1

2

0

ffiffiffi
3

p

2
�

ffiffiffi
3

p

2
1

2

1

2

1

2

2
666664

3
777775

ð7Þ

Tabc
pn0 ¼

1 1 1

a2 a 1

a a2 1

2
4

3
5 ð8Þ

where Tdq0
pn0 is the transformation matrix from sequence

frame (positive negative and zero sequence) to dq frame;

Tpn0
dq0 is the opposite transformation matrix from dq frame to

sequence frame; Tabc
pn0 is the transformation matrix from

sequence frame to abc frame; Tab0
abc is the transformation

matrix from abc frame to ab frame; Tdq0
ab0 is the transfor-

mation matrix from ab frame to dq frame; a ¼ ej120
�
.

Equations (4)–(8) are the transformation matrices in this

study, (9) and (10) exhibit the transformation between the

symmetrical components and the dq frame.

udq0 ¼ Tdq0
pn0upn0

idq0 ¼ Tdq0
pn0ipn0

(
ð9Þ

upn0 ¼ Tpn0
dq0udq0

ipn0 ¼ Tpn0
dq0idq0

(
ð10Þ

4.2 Overall DC voltage control and reactive power

control

In this study, the d-axis current and q-axis current were

injected individually to control the overall DC voltage and

reactive power. Figure 3 shows the block diagram of the

overall DC voltage control and reactive power control.
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Equations (11) and (12) reveal that if the d-axis and q-axis

component injections are constant, then they can be

transformed into the positive-sequence component exclu-

sively, which will not affect the balance of the clustered

voltage. The d-axis current injection is calculated as (13)

and the q-axis current injection is calculated as (14).
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2
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2
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2
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i�d ¼ KPov þ
KIov

S

� �
U�

dc;sum � Udc;sum

� �
ð13Þ

i�q ¼ �Qload=Ud ð14Þ

where Tabc
dq0 is the transformation matrix from dq frame to

abc frame; KPov and KIov are the proportional and integral

gains in the PI control loop of the overall DC voltage; Qload

is the reactive power generated by the grid loads; Ud is the

d-axis component of the output voltages; U�
dc;sum is the

reference of overall DC voltage Udc;sum.

4.3 Clustered voltage balancing control

Clustered voltage balancing control focuses on regulat-

ing the sum voltage of capacitors in each phase cluster and

the control target is to keep Udca, Udcb and Udcc equal to the

average value.

According to (1) to (3), extra negative-sequence current

and zero-sequence voltage injection is necessary since the

phenomenon of unbalanced cluster voltage is inevitable.

Extra negative-sequence current injection will cause cur-

rent asymmetry of power grid but has a high efficiency in

clustered voltage balancing while extra zero-sequence

voltage injection generates no additional influence on

current asymmetry but has a relatively low efficiency in

clustered voltage balancing. This paper proposes a novel

control strategy which injects the negative-sequence cur-

rent and zero-sequence voltage at the same time. The

proposed control strategy can not only generate a stronger

balancing ability and a faster balancing response than tra-

ditional zero-sequence voltage injection methods, but also

lower the extent of current asymmetry compared with

traditional negative-sequence current injection methods.

The block diagram of the proposed clustered voltage bal-

ancing control is shown in Fig. 4. In Fig. 4, du0 and din are

the zero-sequence voltage and negative-sequence current

injected to balance the clustered voltages and they are

further transformed into du0
*, did

*, and diq
*.

1) Overall control strategy: The output voltage, current

and active power flow of cascaded STATCOM including

no extra injection to balance the voltage of each capacitor

are depicted in (1) to (3), and the corresponding voltage,

current and additional active power flow of cascaded

STATCOM with extra negative-sequence current and zero-

sequence voltage injection are illustrated in (15) to (17).
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Fig. 4 Block diagram of the proposed clustered voltage balancing

control
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where dU0 and /0
0 are the amplitude and phase angle of

du0; dIn and u0
n are the amplitude and phase angle of din.

The higher order minima of power flow, du0din, is omitted

in (17). However, there are four variables (dU0, dIn, /
0
0 and

u0
n) in two linear independent equations according to the

referential power flow of each phase cluster, as dPa-

? dPb ? dPc = 0. So, this paper will add additional

restrictive conditions to make the maximum utilization of

the two kinds of injection. These restrictive conditions will

help to calculate two of the variables, /0
0 and u0

n, respec-

tively. Then, the four variables will be calculated according

to the two-linear independent equation in (17), thus

deriving the negative-sequence current and zero-sequence

voltage injection components.

2) Calculation of phase angle: The phase angles of zero-

sequence voltage injection and negative-sequence current

injectionare calculatedaccording to the followingprinciples.

The selection principles of phase angle for injection of

zero-sequence voltage are discussed first. In order to make

maximum utilization of the zero-sequence voltage injection,

the phase angle /0
0 can be calculated using two alternative

principles. The first principle is to provide the maximum

active power flow with the same amplitude of dU0, and the

phase angle /0
0 is calculated using (18)–(20).

If max jdP�
a j; jdP�

bj; jdP�
c j

	 

¼ jdP�

a j, then

/0
0 ¼

up dP�
a � 0

up þ p dP�
a\0

�
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c j

	 

¼ jdP�
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c j

	 

¼ jdP�
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/0
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upþ2p=3d P�
c � 0

up � p=3 dP�
c\0

(
ð20Þ

The second principle is to alter the least amplitude of

overall voltage in each phase cluster with the same

amplitude of dU0, and the phase angle /0
0 is calculated

using (21)–(23).

Both the principles are effective. However, the first

principle can generate more significant effect on the active

power flow. This paper adopts the first principle to calcu-

late the phase angle of zero-sequence voltage injection.

If max jdP�
a j; jdP�
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c j
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�p=3 dP�
c\0

�
ð23Þ

The selection principles of the phase angle for injection

of zero-sequence voltage are then discussed.

In order to make the maximum utilization of negative-

sequence current injection, the phase angle u0
n is calculated

using (24)–(26) to achieve the maximum active power flow

with the same amplitude of dIn.

3) Calculation of amplitudes: With the phase angle /0
0 and

u0
n calculated earlier, the amplitude of zero-sequence voltage

and negative-sequence current, dU0 and dIn, can be expressed
as (27) by substituting (18)–(20) and (24)–(26) into (17).
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8>><
>>:

ð27Þ

where dP�
a and dP�

b are active power instructions of phase

A and phase B. H1, H2, H3 and H4 are shown in (28).
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H1 ¼ Up cosu
0
n þ U0 cos /0 � u0

n

� �

H2 ¼ Up cos u0
n � 2p=3

� �
þ U0 cos /0 � u0
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H4 ¼ Ip cos /0
0 � up

� �
þ I0 cos /0

0 � un

� �

8>>>><
>>>>:

ð28Þ

4) Transformation into dq frame: With the calculated

phase angle and amplitude of extra zero-sequence voltage

and negative-sequence current, the injection components

are expressed in (29). In order to establish a unified frame,

the extra zero-sequence voltage and negative-sequence

current injection are then transformed into dq frame as (30)

by substituting (18)–(29) into (9).

du0 ¼ dU0 cosðxt þ /0
0Þ

din ¼ dIn cosðxt þ u0
nÞ

(
ð29Þ

du0 ¼ dU0 cosðxt þ /0
0Þ

did ¼ dInðcosðxt þ u0
nÞ sinxt þ sinðxt þ u0

nÞ cosxtÞ
diq ¼ dInðsinðxt þ u0

nÞ sinxt � cosðxt þ u0
nÞ cosxtÞ

8><
>:

ð30Þ

4.4 Individual voltage balancing control

Individual voltage balancing control focuses on regu-

lating the individual voltage of each capacitor in the same

phase cluster and the control target is to keep Udckj equal to

the average value in the same phase cluster. This paper

adopts duty cycle adjustment method to realize the indi-

vidual voltage balancing control. Figure 5 shows the block

diagram of individual voltage balancing control. Where

U�
dckj (U�

dckj ¼ Udck=N) is the average voltage of the

capacitor in each cluster. v�ia, v
�
ib and v�ic are the output

references of the three-phase current controllers. Among

them, k ¼ a,b,c and j = 1, 2, …, N.

Since the capacitor voltage is determined by the active

power flowing into each module, the capacitor voltage can

be regulated by adjusting the power of each module. The

power flow of each module can be regulated according to

the direction of the output current. The output of the con-

trollers v�dckj is added directly to the output of the current

controllers. The final output is sent to the PWM unit. The

sign function is shown as follows:

sign ¼ �1 ik [ 0

1 ik\0

�
ð25Þ

1) Case 1 (ik[ 0): When the capacitor voltage Udckj is

smaller than the reference U�
dckj, the value of sign function

will be -1, v�dckj will be negative and the duty circle of this

module will decrease. As a result, this module will emit

less power to the grid and Udckj will increase. On the

contrary, when the capacitor voltage Udckj is higher than

the reference U�
dckj, v

�
dckj will be positive and the duty circle

of this module will increase. As a result, this module will

emit more power to the grid and Udckj will drop.

2) Case 2 (ik\ 0): When the capacitor voltage Udckj is

smaller than the reference U�
dckj, the value of sign function

will be 1, v�dckj will be positive and the duty circle of this

module will increase. As a result, this module will absorb

more power from the grid and Udckj will increase. On the

contrary, when the capacitor voltage Udckj is higher than

the reference U�
dckj, v

�
dckj will be negative and the duty circle

of this module will decrease. As a result, this module will

absorb less power from the grid and Udckj will drop.

The main idea of duty cycle adjustment is to make the

module absorb more power or emit less power when

Udckj\U�
dckj, and absorb less power or emit more power

when Udckj [U�
dckj. Individual voltage balancing is thus

realized.

5 Simulation and experimental results

5.1 Simulation results

The simulation model of three-phase STATCOM with

star connection is established according to Fig. 1. To verify

the performance of the proposed control strategy, several

simulations have been carried out in MATLAB simulation

environment. The studied system parameters are shown in

Table 1.

Figure 6 illustrates the dynamic responses of cascaded

STATCOM operation from 15 kvar capacitive reactive

power to 15 kvar inductive reactive power. Figure 6a

shows three-phase clustered voltages and Fig. 6b shows the

four individual capacitor voltages of phase A. Figure 6c

depicts the grid voltage of phase A and three-phase output

currents of STATCOM and Fig. 6d shows the grid voltage

of phase A and three-phase grid currents. The voltage scale
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Fig. 5 Block diagram of individual voltage balancing control
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of phase A in Fig. 6c and d is 1:5 to provide a clearer view

of the phase angle of the currents. As is shown in Fig. 6,

the three-phase clustered voltages and individual voltages

are well balanced in operation of both maximum capacitive

and inductive reactive power generation.

To verify the superiority of the proposed clustered

voltage balancing strategy, additional simulations are

conducted with three voltage balancing strategies (zero-

sequence voltage injection, negative-sequence current

injection and proposed clustered voltage balancing strat-

egy). To derive an unbalanced clustered voltage, the initial

voltages of the three clusters are 310 V, 340 V and 400 V

individually. The STATCOM is set to generate capacitive

reactive current of 20 A. Figure 7 shows the dynamic

responses for the three voltage balancing strategies and

Fig. 8 presents the negative-sequence current instructions

of the negative-sequence current injection method and the

proposed balancing method. As is shown in Fig. 7a, the

zero-sequence voltage injection method needs about

195 ms to balance the voltages of the three clusters and has

a relatively slow response and low efficiency in clustered

voltage balancing. Figure 7b reflects that the negative-se-

quence current injection method needs about 130 ms to

balance the voltages of the three clusters and is more

effective. Nevertheless, the balancing response is not as

Table 1 Simulation parameters

Parameters Symbol Value

Line to line voltage ug 380 V

Grid frequency fg 50 Hz

Rated reactive power Q 15 kvar

Cell numbers per phase N 4

AC filter inductor L 10 mH

DC capacitor C 3000 lF

DC voltage Udc 350 V

Switch frequency fs 1.25 kHz

Time (20 ms/div)

V
ol

ta
ge

 (5
0 

V
/d

iv
)

350

(a) Three-phase clustered voltages

Udca1 Udca2
Udca3 Udca4

87.5

V
ol

ta
ge

 (1
0 

V
/d

iv
)

Time (20 ms/div)
(b) Individual capacitor voltages of phase A

0

Ia Ib Ic
Usa

V
ol

ta
ge

 (2
0 

V
/d

iv
)

C
ur

re
nt

 (2
0 

A
/d

iv
)

Time (20 ms/div)
(c) Grid voltage of phase A and three-phase output currents

Usa Isb IscIsa

0

V
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ta
ge

 (2
0 

V
/d

iv
)

C
ur

re
nt

 (2
0 

A
/d

iv
)

Time (20 ms/div)

Udca UdccUdcb

(d) Grid voltage of phase A and three-phase grid currents

Fig. 6 Dynamic responses of STATCOM operation under different

kinds of reactive power generation
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V
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)
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(a) Clustered voltages of zero-sequence voltage injection

V
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 (V
)

Time (50 ms/div)
(b) Clustered voltages of negative-sequence current injection
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(c) Clustered voltages of the proposed balancing strategy
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Fig. 7 Dynamic responses of clustered voltages with different

balancing strategies
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fast as that of the proposed strategy. Figure 7c shows that

the proposed control strategy with injections of zero-se-

quence voltage and negative-sequence current needs about

80 ms to balance the voltages of the three clusters and has a

faster response than the other two balancing strategies. As

shown in Fig. 8, the proposed balancing method has lower

negative-sequence current instructions than the negative-

sequence current injection method.

5.2 Experimental results

To verify the effectiveness of the proposed control

strategy, experiments have been conducted. The system

parameters are the same as the simulation parameters

shown in Table 1. In this paper, unless otherwise men-

tioned, the attenuation ratio of the voltage and current

probe is 1:100. The minimum voltage unit and the mini-

mum time unit are shown on the top of each figure.

The steady waveforms under operation of 15 kvar

capacitive reactive power and 15 kvar inductive reactive

power are shown individually in Figs. 9 and 10.

Figure 9a shows the grid voltage of phase A and three-

phase output currents under operation of 15 kvar capacitive

reactive power. To verify the effectiveness of the proposed

clustered voltage balancing strategy, DC voltage wave-

forms of the first module in each phase are collected.

Considering that the individual voltage balancing control

can balance the voltage of each module in the same phase,

the value of the clustered voltage will be four times (N = 4)

that of the individual voltage. Figure 9b shows the voltages

of the first module in three phases and Fig. 9c shows the

voltages of the four modules in phase A.

Figure 10a shows the grid voltage of phase A and three-

phase output currents under operation of 15 kvar inductive

reactive power. To verify the effectiveness of the proposed

clustered voltage balancing strategy, DC voltage wave-

forms of the first module in each phase are collected.

Figure 10b shows the voltages of the first module in three

phases and Fig. 10c shows the voltages of the four modules

Fig. 9 Steady waveforms under operation of 15 kvar capacitive

reactive power

C
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re
nt
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)

Time (50 ms/div)
(a) Negative-sequence current instructions of

negative-sequence injection method

Time (50 ms/div)
(b) Negative-sequence current instructions of proposed 

balancing method
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C
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Fig. 8 Negative-sequence current instructions with different balanc-

ing strategies
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in phase A. As is shown in Figs. 9 and 10, the clustered

voltages and individual voltages are well balanced. The

effectiveness of the proposed control strategy is thus

verified.

Figure 11 demonstrates the experimental voltage

waveforms of the first module in each phase under different

balancing strategies. The initial voltages of the three

clusters are 310 V, 340 V and 400 V individually, and the

corresponding voltages of the first modules are 77.5 V,

85 V and 100 V. The STATCOM is set to generate

capacitive reactive current of 20 A. The dynamic balancing

period of zero-sequence voltage injection method, nega-

tive-sequence current injection method and the proposed

voltage balancing method are approximately 130 ms,

90 ms and 53 ms, respectively. The experimental results

verify the superiority of the proposed voltage balancing

strategy.

6 Conclusion

In this paper, the reasons behind the occurrence of

unbalanced clustered voltage are analyzed first. This

phenomenon is theoretically proved to be caused mainly

by the compensation of unbalanced reactive power,

detection or control errors, and voltage drift of STAT-

COM neutral point. Subsequently, this paper proposes a

novel control strategy which injects negative-sequence

current and zero-sequence voltage simultaneously. The

simulation results prove that the proposed control strategy

has a faster dynamic response. The proposed control

strategy can also lower the extent of current asymmetry

by reducing the negative-sequence current injection. The

experimental results show the effectiveness and superi-

ority of the proposed control strategy in clustered voltage

balancing.

Fig. 11 Experimental waveforms of clustered voltages with different

balancing strategies

Fig. 10 Steady waveforms under operation of 15 kvar inductive

reactive power
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