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ABSTRACT: The Dynamic Voltage Restorer (DVR) topologies in which the compensation schemes are sag type
specific, the conventional characterization techniques cannot provide the informations required. Characterization
algorithm that can identify the phase(s) affected and can provide information on sag magnitude and phase angle jump
are hence needed. In this paper, instantaneous symmetrical component theory based algorithm is used for detection and
characterization of voltage sags. The simulation study of the algorithm has been carried out in MATLAB/SIMULINK
and the results are presented.
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I. INTRODUCTION

According to the IEEE 1959-1995 standard, voltage sag is the decrease of 0.1 to 0.9 p.u. in the rms voltage level at
system frequency and with the duration of half a cycle to 1 min. Short circuits, starting large motors, sudden changes of
load, and energization of trans-formers are the main causes of voltage sags. Since sags are largely due to faults in
power system, they are classified into different types depending on the nature of fault which cause it. The four basic
types A, B, C and D are shown in Fig.1. A single phase fault causes voltage sag in one phase (type B) at the terminals
of a star connected load and in two phases (type C) at the terminals of a delta connected load. A phase-phase fault
causes voltage type C sag at the terminals of a star connected load and type D sag at the terminals of a delta connected
load. The sag types get transformed as it get propagated in power system, due to the transformers. Type B sag has zero
sequence component which gets eliminated as it propagates in the power system through delta-delta or star-delta
transformers and gets converted into type C or D respectively.

The sag inception is defined as instant when rms voltage of supply goes below 0.9 p.u. The sag detection time is the
time taken by the algorithm to detect sag.

1. CHARACTERIZATION ALGORITHM

The instantaneous symmetrical component theory and Fourier transform can be combined to obtain fundamental
symmetrical components. Instantaneous symmetrical components gives the instantaneous changes in voltages. It can
hence be used to detect disturbances in a system. The sequence components are calculated as follows:

Vao 1 1 1 17[Va
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where a = 1 < 120°; v, v,, and v, and are the instantaneous zero-, positive-, and negative sequence components,
respectively; v,, and v,, are complex and time varying quantities; v, v, and v, are instantaneous three-phase voltages
at the PCC. Fourier transform is applied on the instantaneous symmetrical components of the voltage so that it can
work even in presence of harmonics and distortions .

The fundamental symmetrical component (V) is calculated from its corresponding instantaneous values (V) as

follows:
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where k= 0, 1 and 2 represent zero, positive, and negative sequence, respectively; o is the fundamental frequency in
radians per second and T is the system time period in seconds.

The fundamental symmetrical components characterize sag by the symmetrical component algorithm (SCA). The SCA
characterizes voltage sag using sag-type indicator Ty, characteristic voltage V¢, which is a single complex voltage , and
duration of sag.

Type of Sag

Based on the type of faults, sags are classified into four basic types namely A, B, C and D. A single phase fault causes

sag of type B, while symmetrical fault causes sag of type A. Phase to phase fault causes sag of type C at star connected
load and type D at delta connected load terminals. The fig. 1 represents the four sag types in phasor. In the figure, the
presag voltages are given by T/J and VJ’ where j=a, b and c respectively.

a)

Fig. 1. Phasor voltages of sag types (2) type A (b) type B (c) type C (d) type D

The sag type indicator Ty is calculated by,

<Va2 — <Vq1
T =—m—

Y 60°

Each sag type is further classified into three subtypes depending on the phases affected. For example, sag type D, has
phase-b affected and sag type C, has phases b and ¢ affected and phase-a healthy.
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Type indicator (T,) 0 1 2 3 4 5 7

Sag type C. D, Co D. C. Dy A

Table. 1. Numerizing type of sag
III.CHARACTERISTIC VOLTAGE

The characteristic voltage gives the three phase voltage sag. For sag-type C due to a phase-to-phase fault, characteristic
voltage is along the affected line voltage; for other sag types, it is the affected phase voltage (sag types A, B, and D
have the affected phase voltage V, as their characteristic voltage), as shown in Fig. 3. The characteristic voltage can be
calculated from the sequence components and the sag-type indicator (T,) using

A e

where a=1-120° ;b= -a’=1-60°; andV,’,V,,’ , and V' are the complex positive-, negative-, and zero-sequence
components, respectively.
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Fig. 2 Algorithm Flowchart
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IV. RESULT AND DISCUSSION

The simulation is carried out in MATLAB/SIMULINK. The sag occurs when the fault is applied from 0.4s to 0.6s. The
fig.3 below shows the graph between time vs sag flag. When the sag is detected, sag flag is set at 1.

Sag flag

1 | | 1
0 01 02 03 04 05 06 07 08 09 i
Time (s)

Fig. 3 Simulation time vs Sag flag

In the fig 4, it shows the graph of time Vs type of sag. The applied sag is phase to phase fault between a and ¢ phases. It
is of type Cp where phase b is healthy and other phases are affected. From the table 1, it can be seen that this sag is

numerically denoted by 2.

Type
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Fig. 4 Simulation time vs Sag type

In Fig 5 () and 5 (b) , the graphs of magnitude and phase respectively of characteristic voltage is plotted against time.
The characteristic voltage magnitude gives the information about the voltage sag magnitude whereas the phase of
characteristic voltage gives the information regarding the phase angle jump due to sag. Here, a voltage sag of 0.3 p.u.
and phase angle jump of 40 degree is shown.
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Fig .5 (a) Magnitude of characteristic voltage Vs time. (b) Phase of characteristic voltage Vs time.

V. CONCLUSION

The instantaneous symmetrical component theory based algorithm detects and characterizes voltage dip. It can be used
effectively in distorted voltage also. For DVR topologies which require information regarding the phases affected and
the sag magnitude, this algorithm can be used. The d-q transform method does not give these information readily. The
proposed characterization method utilizing symmetrical component, may prove to be useful for these DVR topologies.
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