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POWER QUALITY (UNIT-5) 
 

MEASURING AND SOLVING POWER QUALITY PROBLEMS: Power quality monitoring is the process of gathering, 

analyzing, and interpreting raw measurement data into useful information. The process of gathering data is usually carried out by 

continuous measurement of voltage and current over an extended period. The process of analysis and interpretation has been 

traditionally performed manually, but recent advances in signal processing and artificial intelligence fields have made it possible 

to design and implement intelligent systems to automatically analyze and interpret raw data into useful information with minimum 

human intervention. 
Solving power quality problems depends on acquiring meaningful data at the optimum location or locations and within an 

expedient time frame. In order to acquire useful and relevant data, instruments most suited for a particular application should be 

utilized. Most power quality problems that go unrecognized are due to use of instruments not ideally suited for that application. 

One also needs to have a sense about the location or locations where data need to be collected and for how long. After the data is 

acquired, sort it to determine what information is pertinent to the problem on hand and what is not.  

This process requires knowledge of the power system and knowledge of the affected equipment. Initially, all data not 

determined to be directly useful should be set aside for later use. All data deemed to be relevant should be prioritized and analyzed 

to obtain a solution to the problem. It should be stressed once again that some power quality problems require not a single solution 

but a combination of solutions to obtain the desired end results. In this chapter, some of the power quality instrumentation 

commonly used will be discussed and their application in the power quality field will be indicated. 

 
TYPES OF INSTRUMENTS: Although instruments have been developed that measure a wide variety of disturbances, a number 

of different instruments may be used, depending on the phenomena being investigated. Basic categories of instruments that may 

be applicable include: 

 Wiring and grounding test devices  

 Multimeters 

 Oscilloscopes 

 Disturbance analyzers 

 Harmonic analyzers and spectrum analyzers 

 Combination disturbance and harmonic analyzers 

 Flicker meters 

 Energy monitors 

Besides these instruments, which measure steady-state signals or disturbances on the power system directly, there are other 
instruments that can be used to help solve power quality problems by measuring ambient conditions: 

 Infrared meters can be very valuable in detecting loose connections and overheating conductors. An annual procedure of 

checking the system in this manner can help prevent power quality problems due to arcing, bad connections, and 

overloaded conductors. 

 Noise problems related to electromagnetic radiation may require measurement of field strengths in the vicinity of affected 

equipment. Magnetic gauss meters are used to measure magnetic field strengths for inductive coupling concerns. Electric 

field meters can measure the strength of electric fields for electrostatic coupling concerns. 

 Static electricity meters are special-purpose devices used to measure static electricity in the vicinity of sensitive equipment. 

Electrostatic discharge (ESD) can be an important cause of power quality problems in some types of electronic equipment. 

Regardless of the type of instrumentation needed for a particular test, there are a number of important factors that should be 

considered when selecting the instrument. Some of the more important factors include: 
 Number of channels (voltage and/or current) 

 Temperature specifications of the instrument 

 Ruggedness of the instrument 

 Input voltage range (e.g., 0 to 600 V) 

 Power requirements 

 Ability to measure three-phase voltages 

 Input isolation (isolation between input channels and from each input to ground) 

 Ability to measure currents 

 Housing of the instrument (portable, rack-mount, etc.) 

 Ease of use (user interface, graphics capability, etc.) 

 Documentation 

 Communication capability (modem, network interface) 
 Analysis software. 

 

HARMONIC ANALYZERS: Harmonic analyzers or harmonic meters are relatively simple instruments for measuring and 

recording harmonic distortion data. Typically, harmonic analyzers contain a meter with a waveform display screen, voltage leads, 

and current probes. Some of the analyzers are handheld devices and others are intended for tabletop use. Some instruments 

provide a snapshot of the waveform and harmonic distortion pertaining to the instant during which the measurement is made. 

Other instruments are capable of recording snapshots as well as a continuous record of harmonic distortion over time.  

Important capabilities for useful harmonic measurements Include: 

 Capability to measure both voltage and current simultaneously so that harmonic power flow information can be obtained. 
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 Capability to measure both magnitude and phase angle of individual harmonic components (also needed for power flow 

calculations). 

 Synchronization and a sampling rate fast enough to obtain accurate measurement of harmonic components up to at least the 

37th harmonic (this requirement is a combination of a high sampling rate and a sampling interval based on the 60-Hz 

fundamental). 

 Capability to characterize the statistical nature of harmonic distortion levels (harmonics levels change with changing load 
conditions and changing system conditions). 

There are basically three categories of instruments to consider for harmonic analysis: 

1. SIMPLE METERS: It may sometimes be necessary to make a quick check of harmonic levels at a problem location. A simple, 

portable meter for this purpose is ideal. There are now several hand-held instruments of this type on the market. Each 

instrument has advantages and disadvantages in its operation and design. These devices generally use microprocessor-based 

circuitry to perform the necessary calculations to determine individual harmonics up to the 50th harmonic, as well as the rms, 

the THD, and the telephone influence factor (TIF). Some of these devices can calculate harmonic powers (magnitudes and 

angles) and can upload stored waveforms and calculated data to a personal computer. 

 

2. GENERAL-PURPOSE SPECTRUM ANALYZERS: Instruments in this category are designed to perform spectrum analysis 

on waveforms for a wide variety of applications. They are general signal analysis instruments. The advantage of these 

instruments is that they have very powerful capabilities for a reasonable price since they are designed for a broader market than 
just power system applications. The disadvantage is that they are not designed specifically for sampling power frequency 

waveforms and, therefore, must be used carefully to assure accurate harmonic analysis. There are a wide variety of instruments 

in this category. 

 

3. SPECIAL-PURPOSE POWER SYSTEM HARMONIC ANALYZERS: Besides the general-purpose spectrum analyzers 

just described, there are also a number of instruments and devices that have been designed specifically for power system 

harmonic analysis. These are based on the FFT with sampling rates specifically designed for determining harmonic components 

in power signals. They can generally be left in the field and include communications capability for remote monitoring. 

 

TRANSIENT-DISTURBANCEANALYZERS: Transient-disturbance analyzers are advanced data acquisition devices for 

capturing, storing, and presenting short-duration, subcycle power system disturbances. As one might expect, the sampling rates for 
these instruments are high.  

They typically can measure a wide variety of system disturbances from very short duration transient voltages to long-duration 

outages or undervoltages. Thresholds can be set and the instruments left unattended to record disturbances over a period of time. 

The information is most commonly recorded on a paper tape, but many devices have attachments so that it can be recorded on 

disk as well. 

There are basically two categories of these devices: 

1. CONVENTIONAL ANALYZERS that summarize events with specific information such as overvoltage and undervoltage 

magnitudes, sags and surge magnitude and duration, transient magnitude and duration, etc. 

 

2. GRAPHICS-based analyzers that save and print the 

actual waveform along with the descriptive information 
which would be generated by one of the conventional 

analyzers It is often difficult to determine the 

characteristics of a disturbance or a transient from the 

summary information available from conventional 

disturbance analyzers. For instance, an oscillatory 

transient cannot be effectively described by a peak and a 

duration. Therefore, it is almost imperative to have the 

waveform capture capability of a graphics-based 

disturbance analyzer for detailed analysis of a power 

quality problem (Fig.1). However, a simple conventional 

disturbance monitor can be valuable for initial checks at a 

problem location. 
 

WIRING AND GROUNDING TESTERS: Many power quality problems reported by end users are caused by problems with 

wiring and/or grounding within the facility. These problems can be identified by visual inspection of wiring, connections, and 

panel boxes and also with special test devices for detecting wiring and grounding problems. 

Important capabilities for a wiring and grounding test device include: 

 Detection of isolated ground shorts and neutral-ground bonds 

 Ground impedance and neutral impedance measurement or indication 

 Detection of open grounds, open neutrals, or open hot wires 

 Detection of hot/neutral reversals or neutral/ground reversals  

Three-phase wiring testers should also test for phase rotation and phase-to-phase voltages. These test devices can be quite 

simple and provide an excellent initial test for circuit integrity. Many problems can be detected without the requirement for 
detailed monitoring using expensive instrumentation. 
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MULTIMETERS: After initial tests of wiring integrity, it may also be necessary to make quick checks of the voltage and/or 

current levels within a facility. Overloading of circuits, undervoltage and overvoltage problems, and unbalances between circuits 

can be detected in this manner. These measurements just require a simple multimeter. Signals used to check for these include 

 Phase-to-ground voltages 

 Phase-to-neutral voltages 
 Neutral-to-ground voltages 

 Phase-to-phase voltages (three-phase system) 

 Phase currents 

 Neutral currents 

The most important factor to consider when selecting and using a multimeter is the method of calculation used in the meter. 

All the commonly used meters are calibrated to give an rms indication for the measured signal. However, a number of different 

methods are used to calculate the rms value.  

The three most common methods are: 

1. PEAK METHOD: Assuming the signal to be a sinusoid, the meter reads the peak of the signal and divides the result by 1.414 

(square root of 2) to obtain the rms. 

 

2. AVERAGING METHOD: The meter determines the average value of a rectified signal. For a clean sinusoidal signal (signal 
containing only one frequency), this average 

value is related to the rms value by a 

constant. 

 

3. TRUE RMS: The rms value of a signal is 

a measure of the heating that will result if the 

voltage is impressed across a resistive load. 

One method of detecting the true rms value 

is to actually use a thermal detector to 

measure a heating value. More modern 

digital meters use a digital calculation of the 
rms value by squaring the signal on a 

sample-by-sample basis, averaging over the 

period, and then taking the square root of the 

result. 

These different methods all give the 

same result for a clean, sinusoidal signal but 

can give significantly different answers for 

distorted signals. This is very important 

because significant distortion levels are quite 

common, especially for the phase and neutral 

currents within the facility. Table-1 can be 
used to better illustrate this point. Each 

waveform in Table-1 has an rms value of 1.0 

pu (100.0 percent). 

The corresponding measured values for each type of meter are displayed under the associated waveforms, normalized to the 

true rms value. 

 

OSCILLOSCOPES: An oscilloscope is valuable when performing real-time tests. Looking at the voltage and current waveforms 

can provide much information about what is happening, even without performing detailed harmonic analysis on the waveforms. 

One can get the magnitudes of the voltages and currents, look for obvious distortion, and detect any major variations in the 

signals. 

There are numerous makes and models of oscilloscopes to choose from. A digital oscilloscope with data storage is valuable 

because the waveform can be saved and analyzed. Oscilloscopes in this category often also have waveform analysis capability 
(energy calculation, spectrum analysis). In addition, the digital oscilloscopes can usually be obtained with communications so that 

waveform data can be uploaded to a personal computer for additional analysis with a software package. 

The latest developments in oscilloscopes are hand-held instruments with the capability to display waveforms as well as 

performing some signal processing. These are quite useful for power quality investigations because they are very portable and can 

be operated like a voltohm meter (VOM), but yield much more information. These are ideal for initial plant surveys. This 

particular instrument also has the capability to analyze harmonics and permits connection with personal computers for further data 

analysis and inclusion into reports as illustrated. 

 

FLICKER METERS: The measurement of flicker induced by the EUT is made using a Flickermeter. The instrument output is 

given in units of flicker severity (Pst), a value of one being the acceptable human tolerance limit. The workings of this instrument 

are a fascinating mimic of the way that a human perceives flicker. The instrument employs a series of electrical filters to model 
the response of the human eye and brain to light flicker. The first process of the Flickermeter is to separate the waveform 

Table-1 Comparison of Methods for Measuring Voltages and currents with 

Multimeters 

 

 

Name 

 

 

Waveform 

Meter Type 

True RMS Peak Method Average 

responding 

Circuit Type 

RMS 

Converter 

Peak/1.414 Sine Avg. × 1.11 

Sine 

wave 
 

100% 100% 100% 

Square 

Wave 
 

100% 82% 110% 

Triangle 

Wave 
 

100% 121% 96% 

ASD 

Current 
 

100% 127% 86% 

PC 

Current 
 

100% 184% 60% 

Light 

Dimmer 
 

100% 113% 84% 
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producing the voltage change from the continuous mains level signal. This demodulation process involves squaring and filtering 

to leave the modulating voltage change waveform. 

This waveform then goes through the simulation filters. A filter with an 8.8Hz peak simulates the lamp to eye response, 

whilst a squaring operation and a sliding mean filter simulate the non-linear averaging process carried out by the eye and brain. 

The signal which results from these blocks is a representation of flicker as perceived by a human observer. 

The extent to which flicker is annoying to the observer depends on its level and its rate of occurrence. For more complex 
voltage fluctuations, annoyance depends on how often certain levels of fluctuation are exceeded. This model leads to the need for 

some statistical analysis of the signal. This is carried-out by the formulation of a distribution which relates to the proportion of 

time each particular level of flicker is exceeded. After 10 minutes of data accumulation, certain key levels are taken from the 

distribution to calculate the so-called short-term flicker severity (Pst). This value should be less than one in order for a given 

appliance to conform to the standard. 

Whilst the design of the Flickermeter is complex, there is a good choice of commercial meters which can be purchased that 

take care of the details. Despite the underlying complexities, from the point of view of the person carrying out the compliance 

tests on the EUT, the procedure boils down to a relatively simple electrical measurement using calibrated equipment. 

 

PROBLEMS OF POWER ELECTRONIC CONVERTER: Serious Problem of Power Electronic converter is drawing reactive 

power from the source, leads to under utilization of source capacity due to: 

1. Increased losses in the transmission and distribution, 
2. Overrated equipments within the AC system, due to larger current drawn for a given real power demand, and low 

efficiency due to more losses, and  

3. Poor voltage regulation. 

Classical Solution: 

 Use of passive filters  

 Resonance problem, bulky and not suitable for dynamic condition 

 Classically, shunt passive filters, consists of tuned LC filters and/or high pass filters are used to suppress the harmonics, 

and power capacitors are employed to improve the power factor of the utility/mains.  

 The shunt passive filters are tuned most of the time on a particular harmonic frequency to be eliminated.  

 So that it exhibits low impedance at the tuned frequency than the source impedance, to reduce the harmonic current 

flowing into the source (i.e. the filtering characteristics are determined by the impedance ratio of the source and passive 

filter).  

PROBLEMS OF PASSIVE FILTERS: 

1. The source impedance, which is not accurately known and varies with the system configuration, strongly influences the 

filtering characteristics of shunt passive filter. 

2. The shunt passive filter acts as a sink to the harmonic current flowing from the source. In the worst case, shunt passive 

filter may fall in series resonance with the source impedance. 

3. At specific frequency, an anti-resonance or parallel resonance may occur between the source impedance. And shunt 

passive filter, which is called harmonic amplification. 
4. As both the harmonics and fundamental current component flow into the filter, the capacity of the filter must be rated by 

taking into account both the currents. 

5. Increase in harmonic current component can be overload the filter. 

6. Also, if a good level of correction is targeted; one needs as many filters as the number of harmonics to be eliminated. 

Recent Trends: 

 Shunt Active Power Filter 

 Series Active Power Filter 

 Unified Power Quality Conditioner (UPQC) 

• The sensitivity of these problems has attracted the attention of researchers to develop techniques with adjustable and 

dynamic components. Extensive research is being carried out in the field of harmonics and reactive power compensation, 

to overcome all these limitations. 

• Recently, Active Power Filters (APFs) are seen as a viable alternative over the classical passive filters and static var 

compensators to compensate harmonics and reactive power requirement of nonlinear loads.  

• Such equipments generally known as compensators used either Thyristor-Switched Capacitors (TSCs) or Thyristor-

Controlled Reactors (TCRs) with fixed (permanently connected) power factor correcting capacitors. They also provide 
harmonic filtering, when combined with appropriate tuning reactors. But they were large systems involving a number of 

major components such as transformers, capacitors, reactors, switchgears, thyristors etc, resulting in considerable size 

and installation cost. 

• The basic principle of shunt active filter was originally presented by Sasaki and Machida in 1971. The shunt active filter 

is controlled in such a way as to actively shape the source current into sinusoid by injecting the compensating current in 

phase opposition. This is considered the archetype of shunt active filters.  
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• Since a linear amplifier was used to generate the compensating current, its realization was unrealization was 

unreasonable due to low efficiency. In 1976, Gyugyi and Strycula presented a family of shunt and series filters, and 

established the concept of active filters consisting of PWM inverters using power transistors, but lacking on the part of 

control scheme for practical implementation.  

• In the beginning, shunt active power filters were proposed to suppress the harmonic generated by large rated thyristor 

conveters and inverters used HVDC transmission systems. However, they could not be realized in real power systems 
due to non-availability of high-power, high speed switching devices in the 1970’s. 

• With remarkable development and switching speed and capacity of the power semiconductor devices in the 1980’s, shunt 

active power filters using PWM inverters have been studied, with an attention to their practical implementation in real 

power systems. However, their practical uses were delayed due to the lack of better control strategies, high losses in the 

main circuit filter, higher initial cost and inferior efficiency. 

• Advancement in power semiconductor and microelectronics technology have encouraged the researchers to develop the 

control strategies, taking into account transient states as well as steady states, high efficiency, and large capacity 

converters required in power circuit of the active filter. 

• Today, remarkable progress in the capacity and switching speed of GTOs and IGBTs, in conjunction with 

microcomputers and digital signal processors (DSPs) have made it possible to realize APFs with computer control.  

TOPOLOGIES 

• Various types of active power filters have been proposed in literature and are classified based on converter type, 

configurations and objective of installation. Mainly, two types of converter are used for development of active filters: a 

voltage source PWM converter and a current source PWM converter. 

•  

 

 

 

 

 

 

 

Fig.2. Voltage source PWM converter based shunt active power filter  

Fig.3. Current source PWM converter based shunt active power filter 

 

• The series active filter connected before the load in series with the mains, using matching transformer. It is mainly used 

to eliminate voltage harmonics, to reduce negative sequence voltage and regulate the voltage on three-phase system. It is 

mainly installed by utilities to compensate voltage harmonics and damaging harmonic propagation. 

 

 

 

 

 

 

                Fig.4. Series active power filter               Fig.5.Combination of shunt active and shunt passive filter 

 

• The hybrid filters, which are the combination of an active series/shunt and a passive filter . The main purpose is to reduce 

the rating of active filter and initial cost. The advantage of these configurations is that they can be used with the existing 

passive filters and are considered as prospective alternatives to the shunt or series active filter used alone. 
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Hybrid Filters: 

Fig.6. Combination of series active and shunt passive filter           Fig.7. Active filter connected in series with shunt passive filter 

UNIFIED POWER QUALITY CONDITIONER (UPQC): Unified Power Quality Conditioner is a multifunctional power 

conditioner used to compensate various voltage disturbance of the power supply, and also to prevent harmonic load current from 

entering the power system. The main purpose of a UPQC is to compensate for supply voltage flicker/imbalance, reactive power, 

negative-sequence current and harmonics. It is actually a custom power device basically designed to mitigate the disturbances that 

affect the performance of sensitive and/or critical loads. The best protection of sensitive loads from sources with poor power 

quality is to install shunt-series connection of custom power device called UPQC. Recent researches made unified power quality 

conditioner for solving most of the power quality problems such as voltage sag, swell, voltage outage and power factor correction 

and mitigating harmonics in the current and voltage. The basic configuration of UPQC is shown in Figure 8. 

The UPQC has the capability of improving power quality at the point of installation on power distribution systems or 

industrial power systems. The UPQC is expected to be the most powerful solutions for protecting large capacity sensitive loads 
against power quality issues.  

Advantages of operating Unified Power Quality Conditioner for nonlinear and a sensitive load are as follows: 

 It eliminates the harmonics in the supply current and voltage, thus improves utility current and voltage quality for 

nonlinear loads. 

 UPQC provides the VAR requirement of the load in such a way that the supply voltage and current are always in phase 

with each other and therefore, no additional power factor correction equipment is required. 

 UPQC maintains load end voltage at the rated value. 

 The voltage injected by UPQC to maintain the load end voltage at the rated value is taken from the same dc link itself, 

thus no additional dc link voltage support is required for the series compensator. 

 

BASIC ARRANGEMENTS OF UPQC: The main components of a UPQC are series and shunt power converters, DC 

capacitors, low-pass and high-pass passive filters, and series and shunt transformers.  
 

SERIES CONVERTER: It is a voltage-source converter connected in series with the ac line which acts as a controlled 

voltage source to mitigate voltage distortions such as eliminating supply voltage flickers or imbalance in the load terminal voltage 

and forces the shunt branch to absorb current harmonics generated by the nonlinear load. Control of the series converter output 

voltage is usually performed using sinusoidal pulse width modulation (SPWM). The gate pulses required for operating the voltage 

source converter are generated by the comparing fundamental voltage reference signal with a high-frequency triangular waveform. 

 

SHUNT CONVERTER: It is also a voltage-source converter connected in shunt with the same ac line and acts as a 

controlled current source to mitigate current distortions such as compensating reactive current of the load and to improve the 

power factor. It also regulates dc link voltage there by resulting in a significant reduction of the dc capacitor rating. The output 

current of the shunt converter is adjusted using a dynamic hysteresis band by controlling the switching status of the semiconductor 
switches such that output current follows the reference signal and remains in a predetermined hysteresis band. 

 

DC LINK CAPACITOR: The two VSIs are connected back to back with each other through this dc link capacitor. The 

voltage across this capacitor provides the self-supporting dc voltage for proper operation of both shunt and series inverters. With 

proper control, the dc link voltage acts as a source of active and reactive power and thus eliminates the need of external dc source 

like battery. 

 

LOW-PASS FILTER: It is used to attenuate high frequency components at the output of the series converter that are 

generated by high-frequency switching. 

 

HIGH-PASS FILTER: It is installed at the output of shunt converter to absorb current switching ripples. 

 
SERIES AND SHUNT TRANSFORMERS: These are implemented to inject the compensation voltages and currents, and 

also serve the purpose of providing electrical isolation of UPQC converters. The necessary voltage generated by the series inverter 

to maintain a pure sinusoidal load voltage at the desired value is injected in to the line through these series transformers. A 

suitable turns ratio should be considered to reduce the current flowing through the series inverter. Similarly shunt transformers 

injects compensation currents in to the line to mitigate current harmonics. 



www.uptunotes.com 

POWER QUALITY 7 

 

 

OPERATION OF UPQC: The UPQC consists of two three phase inverters connected in cascade in such a manner that 

Inverter I is connected in series with the supply voltage through series transformer and inverter II is connected in parallel with the 

load through shunt transformer. The main task of the shunt compensator is to compensate for the reactive power demanded by the 

load, to eliminate the current and voltage harmonics and also to regulate the common dc link voltage. The series compensator 

injects voltage in quadrature advance to the supply voltage (current) such that the load voltage is always maintained at the rated 
value. The two inverters operate in a controlled and coordinated manner. The detailed configuration of UPQC in a distribution 

system is shown in Fig.8. 
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Fig.8. General configuration of UPQC  
 

Taking the load voltage, VL as a reference phasor and suppose the 
lagging power factor of the load is cosϕL we can write: 
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Where factor k represents the fluctuation of source voltage, defined as, 
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The voltage injected by series APF must be equal to:  00 LLLsr kvvvv  

 The UPQC is assumed to be lossless and therefore, the active power demanded by the load is equal to the active power input 

at PCC. The UPQC provides a nearly unity power factor source current, therefore, for a given load condition the input active 

power at PCC can be expressed by the following equations:  

 

           

        

 

     

        

 
  

The above equation suggests that the source current is depends on the factor k, since ϕL and iL are load characteristics and are 

constant for a particular type of load. The complex apparent power absorbed by the series APF can be expressed as: 

 

 

 

 

 

 

 

 
ϕS = 0, since UPQC is maintaining unity power factor: 
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vL(1+k).is = vL.iL.cosϕL 

*. sSrSr ivS   

PSr =  vSr .iS.cosϕs = -k.vL.iS.cosϕS 

QSr = vSr.iSr.sinϕs 

PSr =  vSr .iS = -k.vL.iS 

 
QSr ≈ 0 
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 The complex apparent power absorbed by the shunt APF can be expressed as: 

 

 

  

 The current provided by the shunt APF, is the difference between the input source current and the load current, which 

includes the load harmonics current and the reactive current. Therefore, we can write: 
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PSh = vL.iSh.cosϕSh = vL.(iS –iL.cosϕL) 

QSh = vL.iSh.sinϕSh = vL.iL.sinϕL) 


