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Abstract-The power system survey results recommend 
that, voltage sag is the chief contributor in about 92% of 
manufacturing industries. Voltage sag results in decrease in 
competence of the systems which affect the manufacturers in 
terms of losses related to money and reliability. The transformer-
coupled arrangement associated voltage-source inverter, called 
voltage sag compensator is among the most savvy arrangement 
against voltage sags. Transformers are mostly installed in front of 
critical loads for electrical separation purposes. When voltage dip 
occurs, the transformers are presented to the improper voltages 
and a dc offset occurs in its flux linkage. The flux linkage will be 
reach to the level of magnetic saturation at the time of 
compensator restores the load voltage and this cause’s serious 
inrush current. The compensator may be interrupted because of 
its own over current protection, hence, the compensation gets 
failed, and the critical loads are interrupted by the voltage sag. 
This paper brings together a method for inrush current relief for 
voltage dip compensator with fuzzy logic controller. Voltage sag 
compensator along with additional parts of the distribution 
system is simulated using Matlab/ Simulink. 
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I. INTRODUCTION1 

 
 In current years, utilities have been encountered with growing 
amount of objections about the quality of power due to voltage 
dips and disruptions. There is large increase in load demand as 
the improvement of technology is varying day by day. With 
the change in load condition the issues related to power 
quality must also be taken into consideration. Because of the 
abrupt change in the condition of load i.e., sudden increase of 
load the magnitude of the current in the distribution system is 
increased rapidly which leads to fall in the voltage of the line 
creating voltage sag. 

                                                 
 

Various transformer inrush current decreasing techniques are 
available, such as controlling power-on angle [1-5], actively 
controlling the transformer current [6-8] and controlling the 
voltage magnitude. These methods are not proper for voltage 
dip compensators as they could modify the waveforms of 
output voltage the converter. 

Hence, load transformer is presented to the improper voltages 
before the restoration and magnetic flux abnormality may be 
developed within the load transformers. Saturation of the 
transformer core leads to substantial inrush current. The 
compensator may be interrupted because of its own over 
current protection, therefore, the compensation gets failed, and 
the critical loads are interrupted by the voltage sag. 

 

 
Fig.1 single-line drawing of the offline series voltage sag compensator. 

There are 3 adverse side effects of inrush currents: 1) 
Misoperation of protective devices for overloads and internal 
faults may and disconnect the transformer. 2) The mechanical 
stresses experienced by the winding can damage the 
transformer; and 3) Power-quality problems may occurs and 
voltage sags.  

In this paper, an inrush moderation technique is presented 
using fuzzy logic [10]. This control can successfully 
compensate voltage sag and also decrease inrush of load 
transformers.  

2016 International Conference on Automatic Control and Dynamic Optimization Techniques (ICACDOT) 
International Institute of Information Technology (I²IT), Pune

978-1-5090-2080-5/16/$31.00 ©2016 IEEE 543



II. SYSTEM DESCRIPTION 
The voltage sag compensator comprises a coupler transformer 
for sequential connection and 3-phase voltage-source inverter 
(VSI) as shown in fig.1. At the normal condition of 
distribution system, the compensator is bypassed by the 
thyristors to get higher operating efficiency. When voltage 
sags occur, the voltage sag compensator adds the required 
compensation voltage with the help of coupling transformer to 
protect sensitive loads from being interrupted by sags. 
Though, certain detection time (about 4.0 ms) is required by 
the sag compensator controller to recognize the sag 
phenomena and the load transformer is exposed to the 
distorted voltage upto the moment when the compensator 
restores the load voltage.  
Even though its small interval, magnetic flux deviation occurs 
inside the load transformer due to distorted voltage, and 
therefore the magnetic saturation can simply occur when the 
compensator restores the load voltage, and thus, results in the 
inrush current. The overcurrent protection of the compensator 
can be triggered due to this inrush and causes compensation 
failure.  
The simplified circuit of the phase a and b winding of the 
delta/wye three-phase load transformer installed in 
downstream of the voltage dip compensator is shown in fig.2. 
The flux linkages of transformer windings can also be derived. 
Assuming that the deformed grid voltage forced upon the load 
transformer is, 

 
Where u (0  u  1.0) is depth of voltage dip and _Lab is the 
phase shift during the fault incident. 
 
 

 
 
Fig.2 Connection diagram of the proposed system with delta/wye load 
transformer. 
 

III. FUZZY LOGIC CONTROL OF COMPENSATOR 
 

Now days, to implement different types of applications of 
fuzzy logic and the number of fuzzy logic applications are 
have increased considerably. In Fuzzy logic control, a basic 
control action through a set of linguistic rules to finding by the 
system, as the calculated modeling of system variables is not 
essential in FLC and mathematical variables are transformed  
into linguistic variables. To control the inverter action fuzzy 
logic control is proposed. The fuzzy logic controller has two 
real time inputs measured at each sample time, known as error 
rate and error also one output which is actuating signal. The 
membership function is made after the input signals are 
fuzzified and then represented in fuzzy set notations. The 
defined,   If---Then--- rules create output i.e. actuating  signal 
and to compare with a carrier signal for controlling PWM 
inverter the actuating  signals are defuzzified to analog control 
signals. 
The fuzzy logic based control scheme can be divided into 4 
main parts viz. Knowledge base, Fuzzification, Inference 
mechanism and De-fuzzification. Various defuzzification 
schemes are available, like, weighted average criterion, the 
mean-max membership, and centroid method. The technique 
used here is based upon centroid method. 
 

TABLE 1. Fuzzy Rules 

 
 

 
 

Fig. Error, ‘e’. 

 

CE(Change 
in error) 

Error 

NL NM NS Z PS PM PL 

NL PL PL PL PM PM PS Z 

NM PL PL PM PM PS Z NS 

NS PL PM PS PS Z NS NM 

Z PL PM PS Z NS NM NL 

PS PM PS Z NS NM NL NL 

PM PS Z NS NM NL NL NL 

PL Z NS NM NM NL NL NL 
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Fig.  Input Variable Change in Error, ‘ce’. 
 

Fig.3 Membership Function for Input Variable. 
 

 
 
Fig.4. Membership Function for Output Variable Change in Control Signal, 
‘u’. 
 

The set of fuzzy control linguistic rules can be taken from 
Table 1. The output is produced by the fuzzy logic operations 
by estimating all the rules and fuzzy sets. The input variables 
error rate and error are defined by linguistic variables like 
Negative Medium(NM), Negative Big (NB), and 
Positive Big (PB) described by triangular membership 
functions, Zero (Z) Negative small (NM), Positive Small (PS), 
Positive Medium (PM).These functions have been chosen to 
fulfill the output requirements of the fuzzy controller. The 
output is also defined by seven linguistic variables such as 
Negative Medium (NM),Negative Big (NB), Negative Small 
(NS), zero (Z), Positive Small (PS), and Positive Big (PB) and 
Positive Medium (PM) described by membership functions 
given in fig. 3 & 4. 
In practice, the fuzzy rule sets generally have several previous 
circumstances that are combined using Fuzzy operators, such 
as AND, OR and NOT, though again the definitions tend to 
vary. AND, in one popular definition, simply uses the 
maximum weight of all the previous circumstances, while OR 
uses the maximum value. There is a NOT operator that 
subtracts a membership function from 1 to give the 
“complementary” function.  
There are Forty-Nine rules for fuzzy controller. The output 
membership function for each rule is given by the Min 
operator. To get combined fuzzy output from the set of outputs 
of Min operator, the Max operator is used .The output is 
produced by the fuzzy logic and fuzzy sets operations by 
estimating all the rules.  
An if-then rule is defined as follows:  
For error, Z and error rate, Z the output is, Z”. 

 

Fig 5. Simulink diagram of proposed system connected to a distribution system 
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IV. RESULTS 
The system factors of the testbench and the corresponding 
controller are as follows: 
1) source: 220 V, 60 Hz; 
2) loads: a commercially available diode rectifier rated at 1600 
V with load resistor R = 93.3 , dc choke L =2.0 mH, and dc 
filter capacitor C = 3300 F; 
3) voltage sag compensator: a conventional three-phase 
inverter switching at 10 kHz, the leakage inductance of the 
coupling transformer Lf = 0.32 mH, and filter capacitor Cf = 
4.0 F; 
4) load transformer: 5.0 kVA, 220 V/127 V ( /Y connection). 
 
The scope connected to the V-I measurements at supply side 
and also the load side gives the simulations of supply voltage 
having sag with the voltage across load. If there is variation in 
the load then voltage sag occurs and the fuzzy controlled 
PWM inverter produces the required lost voltage so that the 
voltage dip does not disturb the sensitive load. The controller 
inputs are determined by comparing reference signals and 
measured source data signals. The fuzzy controller output 
signals are the inputs to the PWM module to produce the 
required missing voltages. The controller outputs are 
compared with triangle wave signals to generate the proper 
switching pulses. Control unit provides the reference voltage 
for tracing of source voltage. It controls the inverter to 
produce pure sinusoidal voltage at the same frequency for the 
system as shown in simulations. The output of the controller 
can be shown from the fig.6. 
 

 
 

Fig.6 output signal of controller 
 
The fuzzy controller operates only for the interval the voltage 
dip is detected as shown in fig.7.The sag compensator adds 
voltage through injection transformer to the load and thus 
restores the critical load voltage and the load voltage is nearly 
pure sinusoidal. 
 

 
 

Fig.7 supply voltage having voltage sag & swell 
 

The primary task of sag compensator is providing the high 
quality voltage to the critical loads. In case the measured 
phase voltages of source are different from the reference 
values fuzzy controllers quickly start working. The fuzzy 
controllers used for sag compensator support the proposed 

system for providing a good power and voltage quality to the 
critical load. The controller output signals stabilize when all 
the phase voltages of the load attain the desired value. Sag 
compensator gives high performance in injecting the more in-
phase voltage with proper polarity and phase angle. The 
simulation in Fig. 6 shows the voltage across load side having 
no sag because of efficient working of sag compensator and 
Fig.8 shows load side current after sag compensation. 

 

 
 
Fig.8 voltage across sensitive load after voltage injection 
 
 

 
 

Fig.7 load current 
 
From all the simulation results of the three-phase voltage 
waveforms, it is observed that the new control scheme of 
voltage sag compensator is instantly responds to sudden 
changes and a great quality load voltage waveforms are 
achieved. This ability confirms the results of proposed sag 
compensator control technique for the moderation of voltage 
sags. 
 

IV.CONCLUSION 
 
The recommended voltage sag compensator used for the 
distribution line has been assumed to be located in medium 
voltage distribution network level and it can mitigate three-
phase sag. Pulse width modulation technique with switching 
specific frequency has been used in VSI. The compensator has 
been designed with special importance at the control of PWM 
inverter i.e fuzzy logic control.  
The fuzzy logic control has been developed in the paper to 
response quickly and obtains a good dynamic performance. 
The control scheme does not necessitate a difficult computer 
algorithm. The removal of transformations, multiplications 
and divisions makes the control system simple and more 
reliable. The proposed sag compensator has shown the 
capability to diminish the voltage sag. The voltage sags have 
been generated by disturbed  load  in the system. The 
switching devices have correctly been triggered to make the it 
on-line or off-line and protect the compensator from the 
voltage drop. It is concluded that the proposed sag 
compensator has successfully mitigated the long extent 
voltage sags and perfectly restored the critical load voltage to 
nearly 1 pu. The designed system has provided a regulated and 
sinusoidal voltage across the complex load and thus increased 
efficiency of the system. The nearly perfect sinusoidal output 
voltages have resulted in improvements in the current and 
power quality of the sensitive load. The IGBT based VSI 
technology and dynamic performance capability of fuzzy 
control of DVR have improved the quality of critical load 
quantities by preventing the sags. Thus, the voltage can be 
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restored in a supply system by controlling the Dynamic 
Voltage Restorer using Fuzzy logic.  
 

 
REFERENCES 

[1] Y. H. Chen, C. Y. Lin, J. M. Chen, and P. T. Cheng, “An inrush 
mitigation technique of load transformers for the series voltage sag 
compensator,” IEEE Transactions on Power Electronics, vol. 25, 
no. 8, pp. 2211–2221, 2010. 

 
[2] P. C. Y. Ling and A. Basak, “Investigation of magnetizing inrush 

current in a single-phase transformer,” IEEE Transactions on 
Magnetics, vol. 24, no. 6, pp.3217–3222, 1988. 

 
[3] S. J. Asghar, “Elimination of inrush current of transformers and 

distribution lines,” in Power Electronics, Drives and Energy 
Systems for Industrial Growth, 1996.,Proceedings of the 1996 
International Conference on, vol. 2, 1996, pp. 976–980 vol.2. 

 
[4] Y. Cui, S. G. Abdulsalam, S. Chen, and W. Xu, “A sequential 

phase energization technique for transformer inrush current 
reduction - part i: Simulation and experimental results,” IEEE 
Transactions on Power Delivery, vol. 20, no. 2, pp. 943–949, 
2005. 

 
[5] W. Xu, S. G. Abdulsalam, Y. Cui, and X. Liu, “A sequential phase 

energization technique for transformer inrush current reduction - 
part ii: theoretical analysis and design guide,” IEEE Transactions 
on Power Delivery, vol. 20, no. 2, pp. 950–957, 2005. 

 
[6] P. T. Cheng, J. M. Chen, and C. L. Ni, “Design of a state-feedback 

controller for series voltage-sag compensators,” IEEE 
Transactions on Industry Applications,vol. 45, no. 1, pp. 260–267, 
2009. 

 
[7] G. Zenginobuz, I. Cadirci, M. Ermis, and C. Barlak, “Performance 

optimization of induction motors during voltage-controlled soft 
starting,” IEEE Transactions on Energy Conversion, vol. 19, no. 2, 
pp. 278–288, 2004. 

 
[8] H. Yamada, E. Hiraki, and T. Tanaka, “A novel method of 

suppressing the inrush current of transformers using a series-
connected voltage-source pwm converter,” in 2005 International 
Conference on Power Electronics and Drives Systems, vol. 1,2005, 
pp. 280–285. 

 
[9] N. H. Woodley, “Field experience with dynamic voltage restorer 

(dvrtmmv) systems,” in Power Engineering Society Winter 
Meeting, 2000. IEEE, vol. 4, 2000, pp. 2864–2871 vol.4.22 

 
[10] J.G.Nielsen, M.Newman, H.Nielsen, and F.Blaabjerg Control 

and Testing of a Dynamic Voltage Restorer (DVR) at Medium 
Voltage Level , IEEE transactions on power electronics, vol. 19, 
no. 3,pp.1248–1253,May.2004. 

 
[11] W. E. Brumsickle, R. S. Schneider, G. A. Luckjiff, D. M. Divan, 

and M. F. McGranaghan, ‘‘Dynamic sag correctors: Cost-effective 
industrial power line conditioning,’’ IEEE Trans. Ind. Appl., vol. 
37, no. 1, pp. 212---217, Jan./Feb. 2001. 

 

547



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


