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Study on the Influence of Grid Voltage Quality  

on SVG and the Suppression 
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Abstract – Industrial Static Var Generator (SVG) is typically applied at or near the load center to mitigate 

voltage fluctuation, flicker, phase unbalance, non-sine distortion or other load-related disturbance. Special 

attention is paid to the influence of grid voltage quality on SVG current, the non-sine distortion and 

unbalance of grid voltage causes not only the AC current distortion and unbalance but also the DC voltage 

fluctuation. In order to let the inverter voltage contain the fundamental negative sequence and harmonic 

component corresponding to the grid voltage, a new dual-loop control scheme is proposed to suppress the 

influence in this paper. The harmonic and negative sequence voltage decomposition algorithm and DC 

voltage control are also introduced. All these analyses can guide the practical applications. The simulation 

results verify the feasibility and effectiveness of the present control strategy and analyses. 
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1. Introduction 

 

With the fast development of information technology in 

recent years, the requirement for electricity quality is higher 

and higher. In addition to require the reliability and 

continuity of power supply system, stable voltage and 

frequency are also expected. But the loads of distribution 

network are increasing, such as rectifier, arc furnace and so 

on. The nonlinear, impulse and imbalance characteristics of 

these loads result in distortion of the voltage and current 

waveforms, voltage fluctuations and flicker. Lightning, 

short circuit and open circuit in power system can also 

cause severe disruption to electricity quality. The supply 

cutting off suddenly will bring enormous economy loss, 

especially in significant industry. Therefore how to enhance 

and ensure power quality has been a major topic in the 

electrical engineering [1]. 

Static Var Generator (SVG) is an advanced reactive 

power compensator and it has attracted more and more 

attentions in recent years. It can be used to control power 

factor, regulate voltage, stabilize power flow and improve 

dynamic performance of power systems. SVG can also 

provide additional functions like harmonics compensator 

and load balancer, as a potential trend in the past decade. 

The major advantages of a SVG include faster dynamic 

response, the ability to generate the rated current at almost 

any grid voltage, the use of relatively small capacitor on the 

dc side and a smaller footprint in a substation [2-3].  

 

 

2. Impact of non-ideal grid voltage on DC voltage 

 

The proposed configuration of the whole system is 

shown in Figure.1. There is no transformer, and the SVG is 

directly connected in parallel with the three-phase load via 

a small inductor for attenuation of switching frequency 

current ripples. The power converter of the SVG employs 

several series-connected IGBTs in each leg of the three-

phase bridge circuit for medium voltage blocking capability. 

The DC capacitors could be in series and parallel 

connections too. The SVG looks like a voltage source. 

When the system voltage U includes negative sequence 

voltage and harmonic voltage, negative sequence current 

and harmonic current can flow into the compensator limited 

only by the SVG reactance X, the value of harmonic current 

can be calculated by  (2) [4-6]. 
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Fig. 1. Structure of SVG 
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A.  Impact of grid harmonic voltage  

 

Harmonic voltage content can be derived as follows 

 

          HR 100%n

n

1

U
U =

U
               (1) 

 

Where Un is the rms value of n-order harmonic voltage, 

U1 is the rms value of fundamental positive sequence 

voltage. When the harmonic voltage content is HRUn, the 

harmonic current flowing through the SVG is expressed [1] 
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Assumed that φ1 is the phase angle of the fundamental 

positive sequence current. The harmonic current flowing 

through the SVG is expressed 
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By considering only the fundamental components, the 

switching function of the SVG converter can be simplified  
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Where λ is modulation depth of the SVG. From (3) ~ (4), 

we can concluded that: 
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From  (6), we can conclude that: 

(1) DC voltage fluctuation frequency is only relative to 

the frequency of harmonic voltage. (2) In case of the 

presence of 3k±1 order harmonic voltages, a 3k order 

harmonic component appears in the dc voltage. Figure 2~3 

shows the simulation results (k=1,2,3…). (3) 3k order 

harmonic voltage has no impact on dc voltage.  

DC voltage fluctuation amplitude is relative to the 

harmonic voltage and modulation depth λ. When the 

harmonic voltage is constant, the greater λ is, the greater 

the fluctuation amplitude of dc voltage. Theoretically, dc 

voltage fluctuation can be suppressed by reducing λ. But 

reducing λ will affect waveform quality and increase the 

content of harmonic currents. And lower λ requires a higher 

dc voltage in the case of an certain rated capacity. In order 

to reduce the content of harmonic currents and improve the 

reliability of SVG, lower dc voltage with a higher λ is 

usually used. 

 

 
Fig. 2. DC voltage while grid contains 30% 5 order 

harmonic voltage. 
 

 
Fig. 3. DC voltage while grid contains 50% 7 order 

harmonic voltage. 

 
Table. 1 Relationship between dc voltage fluctuation and 5 order h

armonic 

5 order 

harmo

nic 

Theore

tical 

value(

V) 

Simulation value(V) 

Udc=60

0V 

Udc=80

0V 

3% 0.923 0.915 0.937 

5% 1.44 1.41 1.43 

10% 2.67 2.65 2.66 

15% 4.89 4.87 4.87 

20% 7.74 7.75 7.76 

 

Table. 1 shows the relationship between the amplitude of 

dc voltage fluctuations and 5 order harmonic voltage. From 

table 1, we infer:  

(1) Simulation value is close to the value calculated by 

(6).  

(2) The amplitude of dc voltage fluctuation is irrelevant 

to the dc voltage. 
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B.  Impact of grid negative sequence voltage 

 

Negative sequence voltage content can be quantified 

using the following definition[3-6] 
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              (7) 

 

Where U- is the rms value of the negative sequence 

voltage. When the negative sequence voltage content is K-, 

the negative sequence current flowing through the SVG is 
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Assumed that φ2 is the phase angle of the fundamental 

negative sequence current, the negative sequence current is 
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By considering only the fundamental frequency 

components, the switching function of the SVG converter 

can be simplified as  (4). From (4) and (9), we obtain: 
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From (11), we can see that negative sequence voltages 

causes a second harmonic component in the dc voltage. 

Fluctuation amplitude is relative to the negative sequence 

voltage and the modulation depth λ. Figure 4 shows the 

simulation results. 

Table 2 shows the relationship between the amplitude of 

dc voltage fluctuations and negative sequence voltage. 

From table 2, we can obtain that:  

(1) Simulation value is close to the theoretical value 

calculated by (11).  

(2) The amplitude of dc voltage fluctuation is irrelevant 

to the dc voltage. 

 
Fig. 4. DC voltage while grid contains 10% negative 

sequence voltage. 

 
Table. 2 Relationship between dc voltage fluctuation and 

unbalance. 

Negative sequence 

voltage amplitude 

value (V) 

Calculat

ed 

value(V) 

Simulation 

value(V) 

Udc

=600V 

U

dc=80
0V 

6.43 8.65 
10.

4 
1

0.3 

13.14 16.6 
20.

6 
2

0.5 

17.66 25.4 
31.

5 
3

1.4 

25.08 33.2 
41.

7 
4

2.1 

32.3 42.5 
53.

1 
5

2.8 

 

 

3. Influence of non-ideal grid voltage on the AC 

current 

 

A.  Influence of grid negative sequence voltage  

 

The SVG ac current includes negative sequence current 

when the grid includes negative sequence voltage. The 

amplitude of the negative current can be calculated by (8) 

[6-10].  

We assume that dc voltage is constant while analyzing 

the effect of the negative sequence voltage on the ac current. 

From Figure 5, we obtain that the ac current appears 

obvious unbalance when the grid voltages include 1% 

negative sequence voltage. Figure 6 shows that the 

simulation value of negative sequence current is close to the 

theoretical value. 

 
ia ib ic

  
Fig. 5. Output current while grid contains 1% negative 

sequence voltage. 
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Fig. 6. Relationship between the amplitude of negative 

sequence current and negative sequence voltage. 
 

B.  Influence of grid harmonic voltage  

 

Taking 5 order harmonic as an example. The ac current 

appears corresponding number harmonic current when grid 

voltage includes harmonic voltage. (12) can calculate 

current amplitude[2]. 
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Assume that dc voltage is constant. From Figure 7, we 

obtain that the output current appears obvious harmonic 

current when the grid voltage include 5% 5 order harmonic 

voltage. Figure 8 shows the simulation value of harmonic 

current closed to the theoretical value. 

 

 
Fig. 7. Output current while grid contains 5% 5 order 

harmonic voltage. 
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Fig. 8. Relationship between 5 order harmonic current and 

5 order harmonic voltage. 

4. Influence of non-ideal DC voltage fluctuations 

on the AC current of SVG 
 

A dc voltage with fluctuations can be expressed as: 

 

0 0[1 ( )]dc dcU U ksin n t          (13) 

 

Where Udc0 is the average voltage, k is fluctuation 

coefficient and nω0 is fluctuation frequency. The output 

voltage of SVG can be expressed as: 
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Substitute (13) into (14), we can obtain: 
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From  (15)~(17) we can see that n±1 order harmonic 

current appears in the ac current when dc voltage has n 

order harmonic fluctuations. Table 3 shows the relationship 

between dc fluctuation frequency and a phase output 

current when fluctuation amplitude of dc voltage is 160V. 

From table 3, we obtain that n±1 order harmonic current 

appears in the output current indeed when dc voltage has n 

order harmonic fluctuations.  

 
Table. 3 DC fluctuation frequency and a phase output current 

(λ=0.7) 

Fluctuation 

frequency(Hz) 

Harmonic current(A) 

Neg -
Sequence 

3order  5order 7order 9order 

100 9.79 4.86 0.02 0.03 0.02 

200 0.34 4.93 2.85 0.03 0.03 

400 0.28 0.08 0.01 2.12 1.64 
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5. Control strategy 

 

To restrain the harmonic and negative sequence currents 

which are the consequence of harmonic and unbalanced 

grid voltage, a control strategy is proposed in this paper. 

The control block diagram is shown in Figure 9, it contains 

two major sections, one is the positive sequence control 

loop, the other is negative sequence control loop. The 

inputs of dual-loop control are the current generated by 

SVG and the grid voltage. The current is divided into 

positive sequence component and negative sequence 

component, which is fed into positive sequence control loop 

and negative sequence control loop. The sum of output 

signal of positive and negative sequence control loop can be 

used as voltage of impedance. The difference between grid 

voltage and sum can be used as modulation signal [6-8]. 
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(a) The control block diagram 
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(b)  A simplified control block diagram  

Fig. 9. The block diagram of dual-loop control. 

 

The positive sequence control loop consists of two loops, 

PI0 and PI1; the negative sequence control loop also 

consists of two loops, PI2 and PI3. PI0 and PI2 are to 

control reactive current. Their inputs are the difference 

between the reference reactive current and the reactive 

current generated by SVG. Their outputs can be used as the 

reactor voltage generated by reactive current. PI1 and PI3 

are to control active current. Their outputs can be used as 

the reactor voltage generated by active current. The input of 

PI1 is the same to dc voltage control loop. The input of PI3 

is the difference between the reference active current and 

the active current generated by SVG. The outputs of 

positive sequence control loop are the fundamental positive 

sequence voltage of reactance; the outputs of negative 

sequence control loop are the fundamental negative 

sequence voltage of reactance. 

 

6. Reference detection and energy flow 
 

In order to compensate grid voltage harmonic and 

unbalance real-timely, this paper adopts voltage detection 

algorithm based on synchronous rotating coordinate d-q 

transformation method, the block diagram is shown in 

Figure 10. This detection algorithm can separate harmonic 

and negative sequence voltage accurately, real-timely, and it 

has a good dynamic-state and steady-state performance [7-

10]. 
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Fig. 10. The algorithm of reference voltage decomposition. 

 

Here，grid voltage uLa , uLb , uLc can change into d 

axis component ud  and q axis component uq after d-q 

transformation, i.e. 
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Then, after filtered by LPF, the DC component du  and 

qu
 are derived, once again, it can obtain the fundamental 

positive sequence component Lafu
, Lbfu

, Lcfu
 by inverse 

transformation. 
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In (20) 
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Where, du and qu
 are produced by Lafu

, Lbfu
, Lcfu

, 

so Lafu
, Lbfu

, Lcfu
 can be calculated by du  and qu

. 

Then, the total of harmonic and negative sequence voltage 

Lanu
, Lbnu

, Lcnu
 can be obtained by the difference of 

Lafu
, Lbfu

, Lcfu
and Lau

, Lbu
, Lcu

. 

In SVG system, regardless of harmonic compensation or 

negative sequence unbalance voltage compensation, in the 

final analysis, it is energy exchange between the device and 

the grid, that is the energy flow between the SVG DC side 

energy storage element and the grid, which determines the 

compensation effect of system and feasibility of control 

strategy. Generally, the fundamental positive sequence 

current flowing SVG is zero, so the active power absorbed 

by the SVG is determined by the negative sequence 

component. In grid of symmetrical voltage, the exchange is 

mainly reactive power between SVG and grid, while the 

absorption of active power is close to zero. In actual 

operation, in order to maintain the stability of the DC side 

voltage, the active power absorbed by the SVG should be 

controlled effectively. 

 

PI
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-
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Uc
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Fig. 11. DC voltage control. 

 

Figure 11 is the DC voltage control. The difference 

between feedback value and given value of the DC side 

voltage is controlled by PI (proportional integrational) 

controller, then, the active reference di


 is obtained. Once 

more, active reference current of SVG in time domain is 

derived after calculation. The compensation circuit 

produces compensation current flowing into the grid 

according to reference signal, thus, compensation current of 

SVG will contain fundamental active current component, so 

that energy exchange occurs between the DC side and AC 

side of SVG, the DC side voltage is regulated to given 

value[10]. 

7. Simulation results 
 

In order to verify the validity of the analyses, the 

simulation results based on the SVG are shown in Figures 

as follows. The fully digital and dual-loop control strategy 

is used. Where Udc=800V, C=750uF,  a 311co tu 
, the 

connected reactor value of the compensator is 4.5mH, the 

capacity of SVG is 20kvar. 

  
(a) before compensation 

 
(b) after compensation 

Fig. 12. SVG response to 10% unbalanced grid-voltage. 
 

When the SVG responds to 10% unbalanced grid voltage 

before compensation, the simulation result is shown in 

Figure 12(a). Due to the adoption of control strategy, the 

fundamental negative sequence current of individual phase 

is lower than 0.5% after compensation, the simulation result 

is shown in Figure 12(b). The dc voltage is still steady 

around the set value and a 2 order harmonic component 

appears under the condition of unbalanced voltage. 

 

 
(a) before compensation 

 
(b) after compensation 

Fig. 13. SVG response to 10% 5 order harmonic grid-

voltage. 
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When the SVG responds to 10% 5 order harmonic grid 

voltage before compensation, the simulation result is shown 

in Figure 13 (a). Due to the application of control strategy, 

the  5 order harmonic current are lower than 1% after 

compensation, the simulation result is shown in Figure 

13(b). The dc voltage is still steady around the given value 

800V. 

 

 
(a)  before compensation 

 
(c) after compensation 

Fig. 14. SVG response to 10% unbalanced grid-voltage and 

10% 5 order harmonic grid-voltage. 
 

When the SVG responds to 10% unbalanced and 10% 5 

order harmonic grid voltage before compensation, the 

simulation result is shown in Figure 14(a). Because of the 

dual-loop control strategy, the fundamental negative 

sequence and 5 order harmonic current of individual phase 

is lower than 1% after compensation, the simulation result 

is shown in Figure 14(b). The dc voltage remains stable at 

the reference value 800V. 

 

 

8. Conclusions 
 

In this paper, detailed analyses and design considerations 

are carried out to look into the influence of system voltage 

quality on SVG. The harmonic and negative components of 

grid voltage will cause the fluctuation of SVG dc voltage 

and also result in harmful components of ac current. A 

control strategy is proposed to suppress the influence of 

non-ideal grid voltage on the ac current. All these analyses 

can guide the practical applications, a reliable compensator 

will be designed. The simulation results verify the validity 

and feasibility of above analyses and conclusions. 
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