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compensation current changed from 0 to 20%, then the SVG 

need to compensate reactive and negative-sequence current at 

the same time. It was necessary for the SVG to inject the cor-

responding zero-sequence current to achieve the cluster voltage 

balance control, as shown in Fig. 8(a). Stage Ⅲ(0.4s<t<0.6s): 

The unbalance degree of the compensation current increased 

from 20% to 50%, which was more than the designed maxi-

mum unbalance degree 44%, as shown in Fig. 8(b). After the 

mutation, the maximum value of the output phase current ex-

ceeds its rated value 1000A. Stage Ⅳ(0.6s<t<0.8s): The un-

balance degree of the compensation current decreased from 50  

% to 20%, the unbalance degree of the supply voltage increased 

from 0 to 10%. At this stage, the zero-sequence current was 

adjusted, and the cluster voltage reached stable state again, as 

shown in Fig. 8(c). Stage Ⅴ(0.8s<t<1s): The unbalance degree 

of the compensation current was still 20%, the unbalance de-

gree of the supply voltage changed from 10% to 40%, SVG 

cannot maintain cluster voltage balance, and the amplitude of 

the output phase current is much larger than its rated value, and 

the output line current does not change after the mutation, 

indicating that the injected zero-sequence current flows only 

inside the triangle and has no effect on the output line current, 

as shown in Fig. 8(d). 
 

As illustrated in Fig. 8, whether the delta-connected cas-

caded H-bridge multilevel SVG can send out the nega-

tive-sequence current and maintain the cluster voltage balance 

or not, it is related to the unbalance degree of the supply voltage 

and the compensation current. When the unbalance degree of 

the supply voltage or the compensation current increase, the 

injected zero-sequence current amplitude increases signifi-

cantly, which will result that the output current of some legs 

exceeds their rated value. 

In addition, in order to maintain the cluster voltage balancing, 

it is necessary to inject the corresponding zero-sequence cur-

rent when the unbalance degree of the supply voltage and the 

compensation current change within the rated range. The 

waveforms of the zero-sequence current and the cluster voltage 

are shown in Fig. 8. With injecting corresponding ze-

ro-sequence current, the cluster voltage is maintained at a stable 

value 12kV, which verifies the accuracy of theoretical calcula-

tion of zero-sequence current. 

B. Experiment Results 

Theoretic analysis results are necessary to be further verified 

by the actual circuits. The main controllers of experiment 

platform are DSP and FPGA. DSP is TMS320F28335 of TI 

Company, which is dedicated to realize the control algorithm of 

the entire system. FPGA is Cyclone II series EP2C35F484C8 

of Altera Company, which mainly generates the PWM gating 

signals and the other achieves communications and protections.  

The basic parameters of the experiment are as follows: the 

supply voltage amplitude is 100V, the supply voltage frequency 

is 50Hz, the inductance value is 6mH, the number of H-bridge 

module in each phase is two, and the dc-link voltage of the 

H-bridge module is 60V. 

The control strategy adopted in the experiment is consistent 

with the simulation. The experimental results are shown in Fig. 

9—12. Fig. 9 indicates the waveforms of supply voltage in AB 

phase and the compensating current in SVG when load with 

smaller unbalance degree mutates into load with larger 

unbalance degree. Fig. 10 shows the waveforms of zero- 

sequence current and dc-link voltage of each cluster in SVG 

when load with smaller unbalance degree mutates into load 

with larger unbalance degree. Fig. 11 shows the waveforms of 

supply voltage in AB phase and the compensating current when 

load with larger unbalance degree mutates into load with 

smaller unbalance degree. Fig. 12 shows the waveforms of 

zero- sequence current and dc-link voltage of each cluster in 

SVG when load with larger unbalance degree mutates into load 

with smaller unbalance degree. It can be observed that when the 

load mutated, the injected zero-sequence current is adjusted in 

time to ensure that the SVG can accurately compensate the 

reactive and negative-sequence current and  stabilize the 

dc-link voltage near the reference value. In addition, the 

introduction of zero-sequence current will lead to reactive and 

negative- sequence current amplitude changes, which is likely 

to cause overcurrent and damage device. Therefore, it is 

necessary to limit the unbalance degree of compensation 

current within a proper range in the mutation test.  
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Fig.9 The waveforms of supply voltage in AB phase and the 
compensating current when load with smaller unbalance degree 
mutates into load with larger unbalance degree 
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Fig.10 The waveforms of zero-sequence current and dc-link voltage of 
each phase when load with smaller unbalance degree mutates into load 
with larger unbalance degree 
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Fig.11 The waveforms of supply voltage in AB phase and the 

compensating current when load with larger unbalance degree 
mutates into load with smaller unbalance degree 
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Fig.12 The waveforms of zero-sequence current and dc-link voltage of 
each phase when load with larger unbalance degree mutates into load 
with smaller unbalance degree 

V. CONCLUSION 

In this paper, the effect of unbalanced supply voltage and 

compensation current on the delta-connected SVG has been 

analyzed. Injecting zero-sequence current into the delta-loop 

allows maintaining cluster voltage balancing for the SVG. 

However, it has been shown that zero-sequence current 

injection may cause the high peak phase current which may 

break converter switches.In order to guarantee safe and reliable 

operation of the delta-connected SVG, whose maximum output 

current level Imax/Ip is chosen as the standard to measured its 

unbalance compensation capability and the valid compensation 

range under unbalanced conditions can also be obtained. The 

unbalance compensation range of the delta-connected structure 

is limited by the unbalance degree of the supply voltage, the 

initial phase of negative-sequence voltage, the unbalance 

degree of the compensation current and the initial phase of 

negative-sequence current. The quantitative relationship 

between unbalance compensation capability and other 

influence factors derived in this paper can provide a good 

theoretical basis for the parameter design and device selection 

of the delta-connected cascaded H-bridge multilevel SVG. In 

addition, the delta-connected SVG is more sensitive to the 

unbalance degree of the supply voltage than the unbalance 

degree of the compensation current， and it will be better way 

for industrial applications aiming at improving  the power 

quality. The simulation and experimental results further 

verified the rationality and accuracy of the analysis. 
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