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Abstract:

Distribution static compensator (DSTATCOM) is a shunt 
compensation device that is generally used to solve power 
quality problems in distribution systems. In an all-electric 
ship power system, power quality issues arise due to high-
energy demand loads such as pulse loads. In this proj-
ect a new algorithm to generate reference voltage for a 
distribution static compensator (DSTATCOM) operating 
in voltage-control mode. Three filter capacitors, one for 
each phase, are connected in parallel with the DSTAT-
COM to eliminate high-frequency switching components. 
The voltage across the filter capacitor is controlled by a 
dead-beat controller to maintain the AC bus voltage. The 
magnitude of the bus voltage is chosen as nominal value, 
i.e., 1.0 p.u., while its phase angle is obtained through a 
feedback loop that maintains the voltage across the DC 
storage capacitors. 

The proposed scheme ensures that unity power factor 
(UPF) is achieved at the load terminal during nominal op-
eration, which is not possible in the traditional method. 
Also, the compensator injects lower currents and, there-
fore, reduces losses in the feeder and voltage-source in-
verter. Nearly UPF is maintained, while regulating voltage 
at the load terminal, during load change. The state-space 
model of DSTATCOM is incorporated with the deadbeat 
predictive controller for fast load voltage regulation dur-
ing voltage disturbances. DSTATCOM to tackle power-
quality issues by providing power factor correction, har-
monic elimination, load balancing, and voltage regulation 
based on the load requirement and simulation results are 
presented by using Matlab/Simulink platform.
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I. INTRODUCTION:

Power Quality (PQ) is the key to successful delivery 
ofquality product and operation of an industry. The in-
creasedapplication of electronic loads and electronic con-
trollerswhich are sensitive to the quality of power makes 
seriouseconomic consequences and of revenues loss 
each year. PoorPQ can cause malfunctioning of equip-
ment performance,harmonics, voltage imbalance, sag 
and flicker problems,standing waves and resonance – are 
some of the issues thatadversely affect production and its 
quality leading to huge lossin terms of product, energy 
and damage to equipment. Thus, itbecomes imperative 
to be aware of quality of power grid andthe deviation of 
the quality parameters from the norms /standard such as 
IEEE-519 standard [1] to avoid breakdownor equipment 
damage.In present day distribution systems (DS), major 
powerconsumption has been in reactive loads. 

The typical loads maybe computer loads, lighting bal-
lasts, small rating adjustablespeeds drives (ASD) in air 
conditioners, fans, refrigerators,pumps and other domes-
tic and commercial appliances aregenerally behaved as 
nonlinear loads. These loads drawlagging power-factor 
currents and therefore give rise toreactive power burden 
in the DS. Moreover, situation worsensin the presence 
of unbalanced and non-linear loads, affect the quality 
of source currents to a large extent. It affects thevoltage 
at point of common coupling (PCC) where the facilityis 
connected. This has adverse effects on the sensitiveequip-
ment connected to PCC and may damage the equipmen-
tappliances. Excessive reactive power demand increases 
feederlosses and reduces active power flow capability 
of the DS,whereas unbalancing affects the operation of 
transformers andgenerators [2-3]. In this paper, a five-
level cascade H-bridge inverterbased DSTATCOM con-
figuration has been presented.The adoption of cascade 
H-bridge inverter forDSTATCOM applications causes to 
decrease the devicevoltage and the output harmonics by 
increasing thenumber of output voltage levels.
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Inverter circuit is heartof DSTATCOM and various in-
verter topologies can beutilized in applications of DSTAT-
COM such as: cascadedh-bridge, neutral point clamped 
(NPC) and flyingcapacitor (FC) [4]. In particular, among 
these topologies,CHB inverters are being widely used be-
cause of theirmodularity and simplicity. Various modula-
tion methodscan be applied to CHB inverters. There are 
variousmodulation methods, but phase shift modulation 
has usedin this paper. CHB inverters can also increase 
thenumber of output voltage levels easily by increas-
ingthe number of H-bridges cells [5]. This paper present-
sa DSTATCOM with a PI controller based five-levelCHB 
multilevel inverter for the current harmonic,voltage flick-
er and reactive power mitigation of thenonlinear load.

II. PROPOSED CONTROL SCHEME:

Circuit diagram of a DSTATCOM-compensated distribu-
tion system is shown in Fig.1. It uses a three-phase, four-
wire, two-level, neutral-point-clamped VSI. This struc-
ture allows independent control to each leg of the VSI 
[7]. Fig.2 shows the single-phase equivalent representa-
tion of Fig.1. Variable uis a switching function, and can 
be either +1 or -1 depending upon switching state. Filter 
inductance and resistance areL_fand R_f respectively. 
Shunt capacitorC_fc eliminates high-switching frequency 
components. First, discrete modeling of the system is pre-
sented to obtain a discrete voltage control law, and it is 
shown that the PCC voltage can be regulated to the de-
sired value with properly chosen parameters of the VSI. 
Then, a procedure to design VSI parameters is presented. 
A proportional-integral (PI) controller is used to regulate 
the dc capacitor voltage at a reference value. Based on in-
stantaneous symmetrical component theory and complex 
Fourier transform, a reference voltage magnitude genera-
tion scheme is proposed that provides the advantages of 
CCM at nominal load. The overall controller block dia-
gram is shown in Fig. 3 These steps are explained as fol-
lows.

Fig.1.Circuit diagram of the DSTATCOM-compensat-
ed distribution system.

 

Fig.2 Single-phase equivalent circuit of DSTATCOM.

A. System Modeling and Generation of the 
Voltage-Control Law:

The state-space equations for the circuit shown in Fig. 2 
are given by 

x ̇ = Ax + Bz           (1)
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                                                                      	 (9)
The cost function is differentiated with respect to u(k) and 
its minimum is obtained at
The deadbeat voltage-control law, from (8) and (10), is 
given as

Fig.3 Overall block diagram of the controller to con-
trol DSTATCOM in a distribution system.

B. Design of VSI Parameters:

DSTATCOM regulates terminal voltage satisfactorily, de-
pending upon the properly chosen VSI parameters. The 
design procedure of these parameters is presented as fol-
lows.

Voltage Across DC Bus (Vdc): 

The dc bus voltage is taken twice the peak of the phase 
voltage of the source for satisfactory performance. There-
fore, for a line voltage of 400 V, the dc bus voltage is 
maintained at 650 V.

DC Capacitance (Cdc): 

Values of dc capacitors are chosen based on a period of 
sag/swell and change in dc bus voltage during transients. 
Let the total load rating be S kVA. In the worst case, the 
load power may vary from minimum to maximum that 
is, from 0 to S kVA. The compensator needs to exchange 
real power during transient to maintain the load power 
demand. This transfer of real power during the transient 
will result in the deviation of capacitor voltage from its 
reference value. 

The voltage continues to decrease until the capacitor volt-
age controller comes into action. Consider that the voltage 
controller takes a ρ cycle that is ρT, seconds to act, where 
T the system is time period. Hence, maximum energy ex-
change by the compensator during transient will be. This 
energy will be ρ S T equal to the change in the capacitor 
stored energy. Therefore
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Filter Inductance(Lf) : 

Filter inductance Lf should provide reasonably high 
switching frequency (fmax) and a sufficient rate of change 
of current such that VSI currents follow desired currents. 
The following equation represents inductor dynamics:

III. CONTROLLER FOR DC BUS CAPACI-
TOR VOLTAGE:

Average real power balance at the PCC will be

IV. PROPOSED METHOD TO GENERATE 
REFERENCE TERMINAL VOLTAGES

Reference terminal voltages are generated such that, 
at nominal load, all advantages of CCM operation are 
achieved while DSTATCOM is operating in VCM. Hence, 
the DSTATCOM will inject reactive and harmonic com-
ponents of load current.
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To achieve this, first the fundamental positive-sequence 
component of load currents is computed. Then, it is as-
sumed that these currents come from the source and con-
sidered as reference source currents at nominal load. With 
these source currents and for UPF at the PCC, the mag-
nitude of the PCC voltage is calculated. Let three-phase 
load currentsi_la,i_lb, and i_lcbe represented by the fol-
lowing equations:
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V.MATLAB/SIMULINK RESULTS:

 
Fig.4. Simulation results for without Dstatcom

Fig.5.Simulink circuit forconventional system

 

 
Fig. 6. Terminal voltages and source currents using the 
conventional method.(a) Phase a (b) Phase b. (c) Phase 

c.

 
Fig.7. voltage at the dc bus

Fig.8.Simulink circuit for proposed system with PI 
controller

 
Fig. 9. Terminal voltages and source currents using the 
proposed method using PI controller.(a) Phase a (b) 

Phase b. (c) Phase c.

 
Fig.10. simulation results for compensation currents
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Fig. 11. Load reactive power , compensator reactive 
power, and reactive power at PCC for  Proposed meth-

od with pi controller.

Fig.12. FFT analysis for source current by using 
PI controller

Fig.13. Simulation results for source voltage 
during sag

 

Fig.14. simulation result for RMS value of source
 voltage during sag

 

Fig 15. Simulation results for dc link voltage

Fig.16. Simulation results for load voltage after com-
pensation

 

Fig.17. simulation results for compensation current of 
statcom

 
Fig. 18. Terminal voltages and source currents using 
the proposed method using fuzzy controller.(a) Phase 

a (b) Phase b. (c) Phase c.

 
Fig.19. simulation results for compensation currents

 

Fig. 20. Load reactive power , compensator reactive 
power, and reactive power at PCC for  Proposed meth-

od with pi controller
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Fig.21. FFT analysis for source current by using FL 

controller.

VI.CONCLUSION:

In this paper, a control algorithm has been proposed for 
the generation of reference load voltage for a voltage-
controlled DSTATCOM. The performance of the pro-
posed scheme is compared with the traditional voltage-
controlled DSTATCOM. The proposed method provides 
the following advantages: 

1) At nominal load, the compensator injects reactive and 
harmonic components of load currents, resulting in UPF; 

2) Nearly UPF is maintained for a load change; 

3) Fast voltage regulation has been achieved during volt-
age disturbances.

4) Losses in the VSI and feeder are reduced considerably, 
and have higher sag supporting capability with the same 
VSI rating compared to the traditional scheme. 
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