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ABSTRACT 

 

This paper presents the control of distribution static synchronous compensator (DSTATCOM) for reactive power, 

harmonics and unbalanced load current compensation of a diesel generator set for an isolated system. The control 

of DSTATCOM is achieved using least mean square-based adaptive linear element (Adaline). An Adaline is used to 

extract balanced positive sequence real fundamental frequency component of the load current and a proportional–

integral (PI) controller is used to maintain a constant voltage at the dc-bus of a voltage-source converter (VSC) 

working as a DSTATCOM. Switching of VSC is achieved by controlling source currents to follow reference currents 

using hysteresis-based PWM control. This scheme is simulated under MATLAB environment using Simulink and 

PSB block-set toolboxes for feeding linear and nonlinear loads. The modeling is performed for a three-phase, three-

wire star connected synchronous generator coupled to a diesel engine, along with the three-leg VSC working as a 

DSTATCOM. Results are presented to verify the effectiveness of the control of DSTATCOM for the load 

compensation and an optimal operation of the DG set. 

Index Terms: Adaline, Diesel Generator Set, Distribution Static Synchronous Compensator 

(DSTATCOM), Harmonic Elimination, Load Compensation. 

 

I INTRODUCTION 
 

Installation of the diesel engine-based electricity generation unit (DG set) is a widely used practice to feed the 

power to some crucial equipment in remote areas [1], [2]. DG sets used for these purposes are loaded with 

unbalanced, reactive and nonlinear loads such as power supplies in some telecommunication equipment and medical 

equipment. The source impedance of the DG set is quite high, and the unbalanced and distorted currents lead to the 

unbalanced and distorted three-phase voltages at point of common coupling (PCC). Harmonics and unbalanced 

currents flowing through the generator result into torque ripples at the generator shaft. All of these factors lead to the 

increased fuel consumption and reduced life of the DG sets. These forces the DG sets to be operated with derating, 

which results into an increased cost of the system. Nowadays, small generator units are available with full 

conversion (inverter-converter) units to meet stringent power quality norms [3]. Instead of using these, a 
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DSTATCOM [2] can be used with a three-phase DG set to feed unbalanced loads without derating the DG set and to 

have the same cost involved. The performance of DSTATCOM is very much dependent on the method of deriving 

reference compensating signals. Instantaneous reactive power theory, modified p-q theory, synchronous reference 

frame theory.  

This paper presents a DSTATCOM for the load compensation of a diesel generator set to enhance its performance. 

The control of DSTATCOM with capabilities of reactive power, harmonics and unbalanced load compensation is 

achieved by Least Mean Square (LMS) algorithm [8], [9] based adaptive linear element (Adaline). The Adaline is 

used to extract positive-sequence fundamental frequency real component of the load current. The dc-bus voltage of 

voltage source converter (VSC) is supported by a proportional–integral (PI) controller which computes current 

component to compensate losses in DSTATCOM. The extraction of reference currents using Adaline involves an 

estimation of weights. These weights are measure of peak of fundamental frequency real current component of the 

load current. The life of a DG set is enhanced in the absence of unbalanced and harmonic currents. The modeling of 

the DG set is performed using a synchronous generator, a speed governor, and the excitation control system. This 

proposed system is simulated under MATLAB environment using Simulink and PSB Block-set toolboxes. 

 
[ 

II SYSTEM CONFIGURATION 

 

Fig. 1. Basic Configuration of the DG Set With DSTATCOM 

Fig. 1 shows the configuration of the system for a three phase three-wire DG set feeding to variety of loads. A 30 

kVA system is chosen to demonstrate the work of the system with the DSTATCOM. The DSTATCOM consists of 

an insulated gate bipolar transistors-based three-phase three-leg VSC system. The load current is tracked using 

Adaline-based reference current generator, which in conjunction with the hysteresis-based PWM current controller 
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that provides switching signals for VSC-based DSTATCOM. It controls source currents to follow a set of three-

phase reference currents.  

III CONTROL STRUCTURE 
 

The operation of this system requires a DG set to supply real power needed to the load and some losses (switching 

losses of devices used in VSC, losses in the reactor, and dielectric losses of the dc capacitor) in DSTATCOM. 

Therefore, the reference source current used to decide the switching of the DSTATCOM has two parts. One is real 

fundamental frequency component of the load current, which is being extracted using Adaline and another 

component, which corresponds to the losses in the DSTATCOM, are estimated using a PI controller over dc voltage 

of DSTATCOM. Fig. 2(a) shows the control scheme for the implementation of reactive, unbalanced and harmonic 

currents compensation. The output of the PI controller is added to the weight calculated by the Adaline to maintain 

the dc-bus voltage of the DSTATCOM. 

To compute the second component of reference active power current, a reference dc-bus voltage is compared with 

sensed dc- bus voltage of DSTATCOM. This comparison of sensed dc-bus voltage (vdc) to the reference dc-bus 

voltage (vdc)(5) of VSC. The output of the PI controller accounts for the losses in DSTATCOM and it is considered 

as the loss component of the current, which is added with the weight estimated by the Adaline corresponding to 

fundamental frequency positive sequence reference active current component. Therefore, the total real reference 

current has component corresponding to the load and component corresponding to feed the losses of DSTATCOM, 

is expressed as 

 

Fig. 2. (a), (b). Control Block Diagram of the Reference Current Extraction Scheme 



International Journal of Advance Research In Science And Engineering         http://www.ijarse.com  

IJARSE, Vol. No.3, Issue No.11, November 2014                                               ISSN-2319-8354(E)  

124 | P a g e  

www.ijarse.com 

 

These three-phase currents are considered reference source currents and along with sensed source currents these are 

fed to the hysteresis based PWM current controller to control the source currents to follow these reference currents. 

The switching signals generated by the PWM current controller force actual source currents to acquire shape close to 

the reference source currents. This indirect current control results in the control of the slow varying source current 

(as compared to DSTATCOM currents) and therefore requires less computational efforts. Switching signals are 

generated on the following logic: 

 
The weights are computed online by LMS algorithm. The update equation of weights based on LMS algorithm is 

described in (5) for each phase. The structure of such Adaline is depicted in Fig. 2(b). Weights are averaged not only 

for averaging at fundamental frequency but to cancel out sinusoidal oscillating components in weights present due to 

harmonics in the source current. The averaging of weights in different phases is shown in Fig. 2(a). Thus Adaline is 

trained at fundamental frequency of a particular sequence in-phase with voltage. Fig. 2(a) and (b) show the detailed 

scheme implemented for control of DSTATCOM. 

 

IV MATLAB SIMULATION 

 

Fig. 3 shows the MATLAB model of the DSTATCOM-DG set isolated system. The modeling of the DG set is 

carried out using a star connected synchronous generator of 30 kVA, controlled by a speed governor and an 

excitation system. The linear load applied to the generator is at 0.8 lagging pf which is modeled as a delta 

connection of the series combination of resistance and inductance (R-L) models. The nonlinear load is modeled 

using discrete diodes connected in a bridge with a capacitor filter and a resistive load on the dc bus. The unbalanced 

was realized by disconnecting phase-a from the diode bridge. 
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Fig. 3. MATLAB Based Simulation Model 

 

The simulation of the DSTATCOM-DG isolated system is carried out with different types of loads i.e., a linear R-L 

load, a nonlinear load i.e., a diode bridge converter load. The load compensation is demonstrated for these types of 

loads using DSTATCOM system for an isolated DG set. The following observations are made on the basis of 

obtained simulation results under different system conditions. 
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Fig. 4. Dynamic performance of the DSTATCOM-DG isolated system with linear load 

 

Fig. 5. Dynamic performance of the DSTATCOM-DG isolated system with nonlinear load 
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V CONCLUSION 

 

The proposed control algorithm of the DSTATCOM has been found to improve the performance of the isolated DG 

system. The DSTATOM has compensated the variety of loads on the DG set and it has sinusoidal voltages at PCC 

and currents with compensated and equivalent linear balanced unity power factor loads. The cost of the installation 

of DSTATCOM system with the DG set can be compensated as it leads to less initial and running cost of DG set as 

its ideal operation while feeding variety of loads. 
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