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Abstract: Single-phase FACTS device has a bulky and short-life electrolytic capacitor to absorb the ripple pulsating at 

twice of the line frequency in DC side, resulting in lower power density. This paper introduced a structure of three-phase 

Bridge which added an additional leg connected to an AC capacitor based on single-phase H-bridge with fuzzy system. 

The 2-ripple energy of the electrolytic capacitor in single-phase H-bridge could be transformed to the film capacitor of the 

AC side in three-phase H Bridge. The size of single-phase FACTS is reduced by ten times compared to the single-phase H-

bridge. A simple control strategy had been studied, through two kinds of controllers: the digital quais-PR controller had 

been used to control gird current and AC capacitor voltage and current; the two cosine controller had been used to 

eliminate the rest of two-ripple harmonic in the DC side, there was no controller to maintain DC voltage. The experiments 

verified the feasibility of the control strategy. 

 

1. INTRODUCTION 

The single-phase flexible AC transmission systems (FACTS) [1–5] have played an important role for power grids because 

FACTS device can improve the grid stability, controllability, and reliability, which in turn, enhance power quality and system 

transmission capability. As we know, all FACTS devices must set an electrolytic capacitor in DC side, resulting in short life-time, 

bulky volume, and low power density. The DC capacitance is given by [2] Cdc = Us Is ωΔUdcUdc (1) where Us is grid-rated 

voltage, Is is grid-rated current, ω is grid angular frequency, Udc is the average voltage in DC side, ΔUdc is the al owed peak-to-

peak voltage ripple. In order to extend the FACTS's lifetime and reduce the DC capacitor bank, a great many researches have 

been done on topologies and control strategies [6–20]. The basic idea of topologies is adding extra-bridge arms and energy 

storage components such as inductor or capacitor, which permit to transform the two-ripple energy from DC electrolytic capacitor 

to energy storage component in AC branch. The DC capacitor is only used to filter switching ripples, thus the capacitance is been 

reduced. The control strategies contain three parts: DC voltage control, grid current control, and AC energy storage component 

voltage and current controls. The PI controller is used for DC voltage to maintain a constant. The quasi-PR controllers are used to 

control grid current and insure two-ripple energy transform. In [13, 14], three H-bridge circuit in Fig. 1 is proposed for PWM 

rectifier application. By adding an auxiliary leg to single phase H-bridge inverter, an AC film capacitor with minimal energy 

component is controlled to absorb two-ripple energy. The total capacitor volume is reduced by 13 times. In order to analyse 

remaining two-ripple in DC side and obtain the voltage and current references for AC capacitor, the control methods in [13, 14] 

are very complicated and time-consuming. Here, the new topology is proposed as Fig. 1, and a novel control strategy has been 

studied. The DC voltage has been proved to be self-stabilised without controlling. Through a band- pass FIR filter, the remaining 

two-ripple energy can be analysed totally. Furthermore, the fast algorithm has been deducted. Then, the references of the AC 

voltage and current have been received based on total energy transform. This topology and control strategy can transfer the two-

ripple energy completely, so that the electrolytic capacitor can be replaced by other kinds of ones. 

 
2. FLEXIBLE AC TRANSMISSION SYSTEMS 

Flexible ac transmission systems, called facts, got in the recent years a well known term for higher controllability in power 

systems by means of power electronic devices. Several facts-devices have been introduced for various applications worldwide. A 

number of new types of devices are in the stage of being introduced in practice. 

In most of the applications the controllability is used to avoid cost intensive or landscape requiring extensions of power systems, 

for instance like upgrades or additions of substations and power lines. Facts-devices provide a better adaptation to varying 

operational conditions and improve the usage of existing installations. 

2.1 STATCOM 

The STATCOM is a solid-state-based power converter version of the SVC. Operating as a shunt-connected SVC, its capacitive or 

inductive output currents can be controlled independently from its terminal AC bus voltage. Because of the fast-switching 

characteristic of power converters, STATCOM provides much faster response as compared to the SVC. In addition, in the event 
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of a rapid change in system voltage, the capacitor voltage does not change instantaneously; therefore, STATCOM effectively 

reacts for the desired responses. For example, if the system voltage drops for any reason, there is a tendency for STATCOM to 

inject capacitive power to support the dipped voltages. 

STATCOM is capable of high dynamic performance and its compensation does not depend on the common coupling voltage. 

Therefore, STATCOM is very effective during the power system disturbances. 

 
Figure-2Reactive power generation by a STATCOM 

3. Project description and control design 

Theoretical analysis 

The novel topology is shown in Fig. 2. Compared to Fig. 1, a filtering inductor is set in b-phase. Considering the three voltages 

(ua, ub, uc) in Fig. 2 as controlled sources, the equivalent circuit is shown in Fig. 3. Supposed the grid voltage and current is 

 
Fig 3: Novel Topology 

 
3.1 Control strategy 

Fig. 4 shows the control system for single-phase FACTS device, which consists of grid current control I by controlling the 

magnitude of grid current and the phase angle φ, ac voltage and current control II by double close-loop, and the remaining two 

ripple power analysis III. PC1 is a kind of quasi-PR controller in parts I and II, which is used to extract the two-harmonic 

accurately. PC2 is band-pass FIR controller, which is used to analyse the two ripple ΔUcos. 3.1 AC capacitor control In part II, 

the quasi-PR controller is used for the capacitor current in inner-loop and voltage in outer-loop. The transfer function of the 

controller is GPR(s) = Kp + 2Krωcs s 2 + 2ωcs + ω0 2 (13) where ω0 is resonance angular frequency, ωc is cut-off angular 

frequency, Kp and Kr are the coefficients of the controller. The amplitude frequency characteristic diagram is in Fig. 5. The Tusin 

transform is usually used to digitise the analogue quasi-PR controller. Tusin transform keeps a linear relationship in low-

frequency stage from s domain to z domain. In order to guarantee the linear relationship in high-frequency, a pre-correction 

transform has been used s = C z − 1 z 

+ 1 (14) where C = ω0/(tan(ω0Ts /2)), Ts is sample time. Bring (14) into (13) GPR(z) = b0 

+ b1z −1 + b2z −2 1 + a1z −1 + a2z −2  
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DC voltage analysis 

In Fig. , there is no load in DC side. When the device is powered on and not controlled, there is a voltage of about 2Us in Cdc. 

During normal operation, Cac can be considered as a source, which will charge for the DC capacitor Cdc through the bridge arm 

2, 3. At last, the voltage in Cdc will be maintained at ∼ 2(Uac + Us ). This voltage magnitude can satisfy the work requirement. 

Compared to [13], there is no DC voltage control involved here. Then in part III, the PC2 is a band-pass FIR control, the express 

of finite impulse response is h(n) = cos −4π(n − 1) N (22) where N is sample number in a power period. The amplitude-frequency 

characteristic diagram is shown in Fig. 8. The two- harmonic can be analysed without phase delay. 

 

4. SIMULATION RESULTS 

To verify the effectiveness of the proposed active power decoupling and controlling for single-phase FACTS device, we use the 

single-phase device which realises a variable active capacitor. A 2-kVA system is designed, the key parameters are listed in Table 

1. If the allowed DC voltage ripple is 5%, the DC capacitance is 17 mF for single-phase H- bridge system [21–23]. For the 

proposed three-phase H-bridge system, because two-ripple energy would be absorbed by the AC capacitor, the DC capacitor only 

needs to absorb switching ripple, of which the DC capacitance is 50 μF [22]. The AC capacitance calculated based on (3) is 150 

μF. However in practice, it is designed to be 200 μF considering a few margin. Compared to the single-phase H-bridge FACTS 

device, the proposed three-phase structure reduces the total size of all capacitors by ten times. Three filter inductances La, Lb and 

Lc, if allowed the currents (including is and iCac) ripple is 20%, are designed to be 0.4 mH. Figs. 9–12 show the simulation 

results of variable capacitor. ua*, ub* and uc* are the reference sine signals for controlled voltage source ua, ub and uc in Fig. 9. 

The DC voltage eventually stabilised at about 624 V, and the remaining two-ripple has eliminated by PC2 controller. In Figs. 11 

and 12, the total two-ripple energy has been transformed to the AC capacitor. 

 

 CONCLUSION 

An active power decoupling and controlling for single-phase FACTS device is proposed. The two-ripple energy can be 

transformed from the DC capacitor in single-phase structure to the AC capacitor in three-phase structure. The bulky and short-

lifetime electronic capacitor can be replaced by film capacitor. Then, FACTS device's volume can be reduced significantly and its 

lifetime can be extended greatly. Here, a novel strategy that include digital quais-PR controller, band-pass FIR controller and no 

controller in DC voltage has proposed. The experimental results has verified the feasibility of the topology and control strategy. 

 

 

 



                                  © 2022 IJRTI | Volume 7, Issue 9 | ISSN: 2456-3315 

IJRTI2209062 International Journal for Research Trends and Innovation (www.ijrti.org) 477 

 

 

 

 
 

5. CONCLUSION 

 An active power decoupling and controlling for single-phase FACTS device is proposed. The two-ripple energy can be 

transformed from the DC capacitor in single-phase structure to the AC capacitor in three-phase structure. The bulky and short-

lifetime electronic capacitor can be replaced by film capacitor. Then, FACTS device's volume can be reduced significantly and its 

lifetime can be extended greatly. Here, a novel strategy that include digital quais-PR controller, band-pass FIR controller and no 

controller in DC voltage has proposed. The experimental results has verified the feasibility of the topology and control strategy.  
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