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Abstract- In this paper review and describe one of the most important electric power systems problems, 
it’s a voltage sag. When  this phenomenon occurs, the impact on devices and equipment used in all types 
of domestic, commercial and industrial loads, which leads to malfunction, many of which will be a serious 
and very significant effects, particularly in industrialized loads being represent the backbone of life. This 
made as a major part of electric power quality provides the consumers. Power quality is one of the most 
important areas of generation, transmission and distribution systems of the power system. In this paper, 
design model of the electric power system which has been generating a voltage sag phenomenon has also 
been the study and analysis of the reasons for it. D.STATCOM device used to reduce and damp of this 
phenomenon, where it was used to prove that the device is perfect device for this purpose, its works as a 
compensator reactive power (VAR) to the system in case of any failure and the emergence of the 
phenomenon of voltage sag. Neural network method is used as a control on D.STATCOM and is proven 
as a good way to control. All simulation results obtained regarding the voltage sag as well as 
D.STATCOM device and also used to control method represented by neural network (NN), was studied, 
analysis, achieved and discussed. 

Keywords: Harmonics; Neural Network (NN); Power Disturbances; Power Quality; and Voltage Sag. 

I. INTRODUCTION 

The term power quality can be characterized as the level of variation of voltage, current and frequency. It is 
described as the pure sinusoidal waveform of declared voltage and frequency. The pure sinusoidal wave 
becomes ideal now as it can only be seen in books. As we know we cannot conveniently store electrical energy 
anywhere so it needs a continuous flow and hence cannot be put through quality guarantee checks before it is 
used. This creates problems in power quality known as power shortage. The advantage of DSTATCOM is that, 
it has a very sophisticated power electronics based control which can efficiently regulate the current injection 
into the distribution bus. The second benefit is that, it has multifarious applications [1]. Voltage sag is defined as 
a reduction to between 0.1 and 0.9 p.u. RMS voltages at the power frequency for durations of half-cycle to one 
minute as showed in Fig. 1[2]. 

 The most common cause of voltage sags is the flow of fault current through the power system impedance to 
the fault location. Hence, power system faults in transmission or distribution networks can affect respectively a 
large or small number of customers. A fault in a transmission line affects sensitive equipment up to hundreds of 
kilometres away from the fault [3]. In both, transmission and distribution networks, voltage sags due to faults in 
parallel feeders, produce incorrect operation of industrial customer equipment [4]. 

FACTS devices are introduced to electrical system to improve the power quality of the electrical power. Use 
of these FACTS controllers to enable corresponding power to flow through such line under normal and 
contingency conditions there are different type of FACTS device DVR, STATCOM, DSTATCOM, UPQC, 
UPFC, SVC, SSG, TCR, TSC, TSR, SSSC and etc. the DSTATCOM was selected in this paper. The reactive 
power at the terminals of the STATCOM is dependent on the amplitude of the voltage source. And these 
STATCOM in the distribution system are called DSTACOM (Distribution-STACOM) [5]. 

The purpose of a voltage sag generator is used to test the immunity of equipment against the voltage sag. The 
magnitude and angle of three phase voltage sags can calculate from equation (1 – 7) as shown in Table I [6]. 

Fig.2 shows the  Phaser Diagram for all types of voltage sag according to IEEE 1159-1995[8]. 
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Fig. 1. Event definitions according to IEEE 1159-1995.[8]. 

TABLE I.  Seven types of Voltage Sag and equations. 
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Fig.2. Phaser Diagram for all types of voltage sag according to IEEE 1159-1995[8]. 

Finally, this paper presents a study of a voltage sag and D-STATCOM (Distribution Static Compensator) 
used for mitigating voltage sags. The neural network Controller (NN) is the method of control. The performance 
of this work system is verified through simulations using MATLAB software with its Simulink. 
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II. POWER QUALITY 
Power quality problems are increasing with the increasing demand on non linear loads. The recent 

equipments that are used in home and commercial may be damaged due to harmonics and also affected the poor 
power factor. The power quality problem is further due to the different faults conditions occurring on the power 
system network [7].  These conditions cause voltage sag or swell in the system and malfunctioning of devices 
which damage the sensitive loads. In this paper we will expose the voltage sag and mitigation with details and 
measured the response of the DSTATCOM as well. 

III. VOLTAGE SAG 

A Voltage sag as defined by IEEE Standard 1159-1995. IEEE Recommended Practice for Monitoring Electric 
Power Quality, is a decrease in RMS voltage at the power frequency for durations from 0.5 cycles to 1 minute, 
reported as the remaining voltage. The measurement of a Voltage Sag is stated as a percentage of the nominal 
voltage; it is a measurement of the remaining voltage and is stated as sag to a percentage value. Thus a Voltage 
Sag to 60% is equivalent to 60% of nominal voltage, or 288 volts for a nominal 480 volt systems as showed in 
Fig.3 [8]. 

 
Fig.3. Reduced voltage for a limited period [8]. 

IV. FACTORS THAT AFFECT VOLTAGE SAG TYPE 

There are many factors that can affect and cause voltage sags such as [9]. 

 Fault types  

(SLG) Fault, (LL) Fault, (LLG) Fault, and (3Φ) Fault. All of these faults have different affects 
to the voltages.  

 Transformer Winding Connection, It is three types:  

1. Wye Grounded-Wye grounded (Yg Yg). This type has no change in voltages. 

2. The Delta-delta (Dd), Delta-zigzag (Dz) and the Wye-wye (with both windings ungrounded 
or with only one star point grounded). This type removes the zero-sequence voltage.  

3. Delta-wye (Dy), Wye-delta (Yd) and the Wye-zigzag (Yz). This type changes line and 
phase voltages.  

 Load Connection 

1. Wye-connected load. 

2. Delta-connected load. 

V. METHODOLOGY 

The applications of power electronics cause big problems such the harmonics and then make degree of 
waveform distorted increasingly. This harmonic will be effect on the cost of the power system and make the 
power factor poor. Therefore, we need to use a reliable and efficient solution to solve problems and this solution 
must be covering utilities and customers. In this paper, the methodology adopted for the solution of harmonics 
problem is as follows: 

1- Voltage sag created and explanation has been carried out. 

2. Power quality explanation has been performed. 

3- Chose DSTATCOM as solution for voltage sag mitigation, power quality improvement, and for the reduction 
of harmonics caused by non linear loads. 

4. DSTATCOM has been modeled employing comparative information using MATLAB/SIMULINK. 

5. Comprehensive review on control techniques needs to be done to provide gating signals to the VSI of 
DSTATCOM. 

6. A control theory named neural network Controller (NN) adopted as a controller for DSTATCOM. 

7. Neural network Controller (NN) is modeled in the Matlab /SIMULINK environment and analyzed. 

8. Application of DSTATCOM to power system model and the performance is discussed. 
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 ݊ ൌ 1݌1,1ݓ ൅ 2݌1,2ݓ ൅ ⋯ ൅ ,1ݓ  (7)                                                                                                           ܴ݌ܴ

This expression can be written in matrix form: 

 ݊ ൌ ݌ܹ ൅ ܾ                                                                                                                                                      (8) 

Where the matrix for the single neuron case has only one  row. 

Now the neuron output can be written as: 

ܽ ൌ ݂ሺܹ݌ ൅ ܾሻ                                                                                                                                                 (9) 

Commonly one neuron, even with many inputs, is not enough. We might need four, five or…. Ten, operating in 
parallel, that is called a layer. A single-layer network of neurons is illustrated in Fig.7a. 

 
Fig.7a. Neuron in matrix form at each layer 

Note that each of the inputs is connected to each of the neurons and that the weight matrix now has rows. The 
layer includes the weight matrix, the summers, the bias vector, the transfer function boxes and the output vector 
as showed in Fig.7b. 

 
Fig. 7b. Three-Layer Network 

NN controller based D-STATCOM is modeled and simulated by using MATLAB/Simulink. The learning 
process of NN is prepared in MATLAB, aided by the neural network toolbox. At an initial stage non critical 
load is related to the distribution network system. During that time rated voltage is available across load 1 i.e., 
no voltage sag. When the critical load is connected to the distribution  network system, the system voltage drops 
to 50% of its nominal value. The voltage sag occurs. To mitigate the voltage sag the required voltage is injected 
by the neural network controller based on DSTATCOM.  

VII. SIMULATION RESULTS 

A. Created All Types Of  Voltage Sag 

By changing the fault type in the fault block, Transformer connection and load connection we can obtain 
different types of sag for different conditions of these factors. On the Table II, explanation for all types of 
voltage sag take in account the transformer connection and load connection [12]. 
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TABLE II.  Summarizes of voltage sag types. 

Voltage  
sag type 

Fault  type Transforme
r  
type 

Load connection 

1 2 3 Wye Delta 

A Three phase Not depend Not depend 

B Line- Ground √   √  
C Line-Ground √    √ 

 √   √ 
  √ √  

Line-Line √   √  
 √  √  
  √  √ 

D Line-Ground  √  √  
  √  √ 

Line-Line √    √ 
 √   √ 
  √ √  

E Line-Line- 
Ground 

√   √  

F Line-Line- 
Ground 

√    √ 
  √ √  

G Line-Line- 
Ground 

 √  √  
  √  √ 

1. Case1 Sag A 

There is equal drop in phases A,B & C and the phase  displacement  between  the  phases  are  120º  due  to 
symmetrical fault. As shown in Fig.8. 

 
Fig. 8.  a) Phase to ground Voltage waveform of phase A (b) Phase to ground Voltage waveform of phase B (c) Phase to ground Voltage 

waveform of phase C, d) Phase to ground Voltage waveform of all the three phases A,B & C ,d) Voltage (rms) waveform. 

2  Case2: Sag B 

There is no drop in phase C and B, drop in Phase A only and the phase displacement is  120 º. As shown in 
Fig.9. 
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Fig. 9.  a)Phase to ground Voltage waveform of phase A (b) Phase to ground Voltage waveform of phase B (c) Phase to ground Voltage 

waveform of phase C, d) Voltage (rms) waveform ,e) Phase to ground Voltage waveform of all the three phases A,B & C. 

3 Case3: Sag C 

There is no drop in phase A and drop in Phases B & C and  the  phase  displacement  is  no  longer  120  º  due  
to unsymmetrical fault. As shown in Fig.10. 

 
Fig.10.  a) Phase to ground Voltage waveform of phase A (b) Phase to ground Voltage waveform of phase B (c) Phase to ground Voltage 

waveform of phase C, d) Voltage (rms) waveform ,e) Phase to ground Voltage waveform of all the three phases A,B & C. 

4 Case4: Sag D 

There is more drop in phase B than Phases A & C and  the  phase  displacement  is  no  longer  120  º  due  to  
unsymmetrical fault. As shown in Fig.11. 
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Fig.11.  a) Phase to ground Voltage waveform of phase A (b) Phase to ground Voltage waveform of phase B (c) Phase to ground Voltage 

waveform of phase C, d) Voltage (rms) waveform ,e) Phase to ground Voltage waveform of all the three phases A,B & C. 

5 Case5: Sag E 

where  there  is  drop  in  phase  A  and  no  drop  in  phase  B  and  the  phase  displacement is  120 º. As shown 
in Fig.12. 

 
Fig. 12.  a) Phase to ground Voltage waveform of phase A (b) Phase to ground Voltage waveform of phase B (c) Phase to ground Voltage 

waveform of phase C, d) Voltage (rms) waveform ,e) Phase to ground Voltage waveform of all the three phases A,B & C. 

6 Case6: Sag F  

There is greater drop in phases non-faulted phase B as compared  to  faulted  phases  A  &  C and  the  phase 
displacement  between  the  phases  are  not  120º  due  to unsymmetrical fault. As shown in Fig.13. 
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Fig. 13.  a)Phase to ground Voltage waveform of phase A (b) Phase to ground Voltage waveform of phase B (c) Phase to ground Voltage 

waveform of phase C, d) Voltage (rms) waveform ,e) Phase to ground Voltage waveform of all the three phases A,B & C. 

7 Case7: Sag G 

There is greater drop in phases non-faulted phase B as compared  to  faulted  phases  A  &  C and  the  phase 
displacement  between  the  phases  are  not  120º  due  to unsymmetrical  fault. As shown in Fig.14. 

 
Fig. 14.  a) Phase to ground Voltage waveform of phase A (b) Phase to ground Voltage waveform of phase B (c) Phase to ground Voltage 

waveform of phase C, d) Voltage (rms) waveform ,e) Phase to ground Voltage waveform of all the three phases A,B & C. 

B. WITH AND WITHOUT DSTATCOM 

In this paper a model built to generate sag on load, injecting harmonics in the system and reducing the voltage 
steady state for the enhancement of power quality in the distribution system a DSTATCOM connected to the 
system in parallel. DSTATCOM property is to compensate the reactive power of the system 
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Fig. 23.  a-d) Voltage (rms) waveform for each phase and three phase  ,e) 3Φ Voltage waveform during sag,  f) 3Φ Voltage waveform 

during sag . 

 
Fig. 24. THD value before compensation 

After connected the DSTATCON to model system in Fig.22 will be injected Reactive power and it is clear 
from the output wave forms that the current in the phase where fault is created is increasing during the fault 
duration in the uncompensated feeder, that is why here the unbalancing in the system . However, these results 
become clear from the total harmonic distortion graphs. according to this figure in balanced voltage sag the 
injected current is balanced and in unbalanced voltage sag the injected current is unbalanced as expected. In this 
case the voltage decrease in one phase is higher than others. The injected current amplitude for one phase is 
larger than other two phases taken one by one for compensated and non compensated feeders with non linear 
loads. , as well the THD value after compensation was 1.93%. As showed Fig.25. 
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Fig.25.  a-d) Voltage (rms) waveform for each phase and three phase during  sag mitigation, e &f) Voltage and current load after  

DSTATCOM , g &h ) Voltage and current load during  sag, i& j) injected Voltage and  injected current. 

 
Fig. 26. THD value after compensation. 

VIII. CONCLUSION. 

 In this paper, model of transmission lines power system network for sag generation, and other specific tools 
for power quality analysis was developed and implemented in Simulink as a part of the power system tool. The 
types of all voltage sags are produced with precise details and all the factors that affect it is analysis and 
explained, and the voltage sags can be mitigated by inserting D STATCOM to the feeder distribution system. 
The DSTATCOM investigation is conducted to improve the power quality in distribution networks with non 
linear loads of harmonics eliminated on the source side which is caused due to non linear load. NN controller 
based D STATCOM used and simulated in MATLAB-SIMULINK environment. Three multilayer neural 
networks are used to identify and regulate the voltage across the sensitive load. The performance analysis which 
covers the voltage sag effects and controls away on related waveforms of output voltage, and current is 
discussed and achieved. 
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