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Abstract 
Throughout the study, an introduction was made on power disturbances 

problems and types, and how it affects power quality in general, and discuss 

about power quality solutions, assessment and monitoring. 

The objective and methodology of the project were explained. Application 

Tests were applied for cables, transformer, circuit breaker and relay in 

various factories in Saudi Arabia and Gulf Countries. The tests done 

according to IEC ( International Electrotechnical Commission )  Standards 

Specifications and TMSS ( Transmission Materials Standard Specification)  
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CHAPTER ONE 

INTRODUCTION  

1.1   Overview 

    The specifications of the electrical power system components are 

extremely important, in order to avoid network problems, obtain high 

protection rate and avoid economic losses, so it was necessary to be 

concerned with power system Testing and Commissioning of Electrical 

Equipment and Materials . 

1.2 Research problem 

- Failure of electrical equipment and materials after installing at site due to 

accepting the bad quality of electrical equipment and materials. 

- Failure of electrical equipment and materials after installing at site because 

electrical equipment and materials was not subjected to FAT ( Factory 

Acceptance Test).  

1.3 Research Objectives 

- Minimize the probability of failure of components used in electrical power   

systems. 

- Implement Factory Acceptance Test (FAT) for components used in 

electrical power systems. 

- Used all possible facilities to gain high quality components used in 

electrical power system. 
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1.4 Methodology 

The Methodology of this Research is explanatory, descriptive, theoretical & 

applied Methods, whereas topics of this project are subjected to explanation, 

description, theory concepts, applications, and data that obtained directly 

from the Manufacturers, contractors and clients. 

1.5 Structure 

The rest of the research included the following chapters: 

- CHAPTER TWO contains Principles of Power Quality, consist of 

introduction, types of electrical power disturbances, power quality solutions 

and power quality assessment procedure (PQAP). 

-  CHAPTER THREE contains power quality monitoring, power quality 

measurement equipment. 

-  CHAPTER FOUR contains Testing And Commissioning Applications For 

Power Systems  

-  CHAPTER FIVE contain Conclusion and Recommendations.  
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CHAPTER TWO  

PRINCIPLES OF POWER SYSTEM QUALITY  

 

2.1 Introduction  
Power quality problem is any power problems manifested in voltage, 

current, or frequency deviations that result in failure or missed 

operation of utility or end user equipment.  

The electrical power system is exposed to different types of 

disturbances leading to power quality problems. These problems 

such as; voltage, current or frequency deviation may result in failure 

or malfunction of customer equipment.  

Electrical power quality is mainly affected by disturbance in feeding 

system. 

The sources of these disturbances are: 

- Disturbances originating from utility feeding system due to faults 

which disturb the source voltage waves and can be isolated within 

two seconds to one minute by protection systems, or supply 

interruption will occur.  

- Disturbances originating from consumersô networks and devices is 

mainly due to three-phase loads, connection unbalance, absence of 

appropriate neutral wire, absence of earthing system or low circuit 

breaker rating. 

- Non-linear characteristics of loads and devices or unsuitable line 

sites are other sources of disturbances. The Table (2.1) shows the 

various standards of power quality       
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Table (2.1) the various standards of power quality 

 

2.2   Types of electrical power disturbance: 

The types of electrical power disturbance are: 

- Voltage spikes and surges  

It is a short duration from microsecond to millisecond voltage 

increase; it occurs due to lightning, switching of heavy loads and 

power system faults. It leads to equipment failure, system lock-up, 

data corruption and data loss. Solutions to voltage spikes and surges 

problems include equipment such as surge arresters, filters and 

isolation transformer.  

- Voltage Sag  

It is a reduction in voltage outside the normal tolerance for a short 

time less than few seconds. The magnitude of the reduction is 

between 10 percent and 90 percent of the normal (rms) voltage. It 

occurs due to starting of heavy loads and power system faults. It 

reduces the energy being delivered to the end user and causes 

computers to fail, adjustable-speed drive to shut down and motors to 

stall and over heat.           
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Figure (2.1) shows the voltage sag scenario. Solutions to voltage sag 

problems include equipment such as ferro-resonant transformer, 

energy storage technologies, uninterruptible power supply (UPS) and 

dynamic voltage restorer (DVR).  

Figure (2.1) the voltage sag scenario 

- Voltage Swell   

It is a momentary increase in voltage outside the normal tolerance. 

The (rms) voltage variations that exceed 110 percent. Faults and 

turning off heavy electrical equipment cause voltage swell. The 

increased energy from a voltage swell often overheats equipment and 

reduces its life. Figure (2-2) shows the voltage swell scenario. 

Voltage regulator, motor-generator set and uninterruptible power 

supply can mitigate the voltage swell effects 

 

                             Figure (2.2) the voltage swell scenario.   
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Under Voltage   

As shown in figure (2-3) it is a decrease in the rms ac voltage to less 

than 90% at the power frequency. A load switching on or a capacitor 

bank switching off can cause an under voltage until the voltage 

regulation equipment in the system can bring the voltage back within 

tolerances. Overloaded circuits and the loss of major transmission 

support can also result in under voltages. It can cause sensitive 

computer equipment to read data incorrectly and motor to stall and 

operate inefficiently. Utility can prevent under voltage by building 

more generation and transmission lines.  

  

                                      

                               Figure (2.3) the under-voltage scenario.  

-  Over Voltage   

As shown in figure (2.4) it is an increase in the rms ac voltage 

greater than 110% at the power frequency. Over-voltage is usually 

the result of the switching-off of a large load, or the energizing of a 

capacitor bank. Over-voltages occur either because the system is too 

weak for the desired voltage regulation or the voltage controls are 

inadequate. An incorrect tap setting in transformers is one example.  

                                   

                         Figure (2.4) the over voltage scenario  
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Voltage Modulation   

It is a periodic increase and decrease of amplitude.   Periodic loads 

cause it. It leads to poor power quality.  

- Voltage Imbalance (IEEE Std. 1159) or unbalance   

It can be defined as the maximum deviation from the average of the  

three-phase voltages, divided by the average of the three-phase 

voltages and expressed in percentage points. Imbalance can also be 

defined using symmetrical components. The ratio of either the 

negative or zero sequence components to the positive sequence 

component can be used to specify the percent imbalance. The 

primary source of voltage imbalance (typically less than 2%) is the 

unequal distribution of single-phase loads in a three-phase circuit.  

Voltage imbalance can also be the result of blown fuses in one phase 

of a three-phase capacitor bank. Severe voltage imbalance (greater 

than 5%) can result from single-phasing conditions. Voltage 

imbalance causes motors and transformers to overheat. This is 

because the current imbalance in an induction device.  

-  Phase Angle Imbalance   

It is the deviation from the normal 120 or 240 degree between three-

phase voltages. Phase angle imbalance can be caused by the uneven 

distribution of loads among the phases.  

-  Voltage Fluctuations (Flicker)  

As shown in figure (2.5) they are cyclical variations in the voltage 

rms values or a series of random voltage changes, whose magnitude 

does not normally exceed voltage ranges of 0.9 p.u. to 1.1 p.u.  
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A common phenomenon of voltage fluctuations is the voltage 

flickers shown in  Figure (2.5) typical instantaneous flicker signal 

recorded Close to an electric arc furnace.  

 

Figure (2.5) typical instantaneous flicker signal recorded Close to an electric 

arc furnace. 

Outage  

It is a complete loss of power; it is caused by faults and accidents. 

Solutions to outage problems including equipment such as standby 

engine generator.  

- Power Frequency Variations   

They are the deviations in the power system fundamental frequency from its 

normal value. The power system frequency is directly related to the 

rotational speed of the generators supplying the system. Slight variations in 

frequency occur as the dynamic balance between load and generation 

changes. The size of the frequency shift and its duration depend on the load 

characteristics and the response of the generation control system to load 

changes. In modern interconnected power systems, significant frequency 

variations are rare. Frequency variations of consequence are much more 

likely to occur for loads that are supplied by generators isolated from the 

utility system. In such cases, the generator response to 
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abrupt loads changes may not be adequate to regulate the frequency within 

the narrow bandwidth required by frequency sensitive equipment. 

- Waveform Distortion   

It is defined as a steady-state deviation from an ideal sinusoidal wave 

of power frequency. It is characterized by the spectral content of the 

deviation. Primary types of waveform distortion are harmonics, 

notching, inter harmonics, DC offset and noise.     

Figure (2ï6) indicates waveforms with harmonic and inter harmonic 

components.  

- Harmonics are sinusoidal voltages or currents having frequencies 

that are integer multiples of the fundamental frequency. Distorted 

waveforms can be decomposed into the sum of the fundamental 

frequency and the harmonic components. Harmonic distortion levels 

are described by the complete harmonic spectrum with magnitudes 

and phase angles for each individual harmonic component. It is also 

common to use a single quantity, the Total Harmonic Distortion 

(THD), as a measure of the effective value of harmonic distortion. 

Harmonic distortion originates in the nonlinear characteristics of 

devices and loads in the power system. Typical harmonic sources are 

variable speed drives and other power electronics-based equipment. 

One of the major problems related to harmonic disturbances is 

harmonic resonance. The resonance can magnify harmonic 

distortions to a level that can damage the equipment or cause 

equipment malfunction.  
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Power factor correction capacitors in distribution system are the 

main cause of harmonic resonance. Other effects of harmonics are 

equipment overloading, increased losses and sometimes equipment 

malfunction. This is defined as the ratio of the rms value of the 

harmonic components to the rms value of the fundamental 

component and usually expressed in percent. This index is used to 

measure the deviation of a periodic waveform containing harmonics 

from a perfect sine wave. For a perfect sine wave at fundamental 

frequency.  Inter Harmonics are voltages or currents having 

frequency components that are not integer multiples of the 

fundamental frequency. They can appear as discrete frequencies or as 

a wide-band spectrum. Cyclo-converters are one of the sources of 

inter harmonics. It must be noted that due to the limitations of power 

quality instruments time-varying harmonics can be recorded as inter 

harmonics. Technically sound methods for the accurate recording of 

the inter harmonics have yet to be developed. The effects of inter 

harmonics are not known well. They have been shown to affect 

power line carrier signaling. As shown in             Figure (2.6) 

waveforms with Harmonic and Inter harmonic Components 

 

Figure (2.6) waveforms with Harmonic and Inter harmonic Components 
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Notching, as shown in figure (2.7). It is a periodic voltage disturbance 

caused by the normal operation of power electronics devices when current is 

commutated from one phase to another. Notching can be characterized 

through the harmonic spectrum of the affected voltage. Although notching is 

a special case of voltage harmonics, it is generally treated as an independent 

disturbance. The frequency components associated with notching can be 

quite high and may not be readily measured with equipment normally used 

for harmonic analysis.   

 

Figure (2.7) voltage notching due to power electronic devices. -

Noise, as shown in figure (2.8). It is defined as unwanted electrical 

signals with broadband spectral content lower than 200 kHz, 

superimposed upon the power system voltage or current in phase 

conductors, or found in neutral conductors or signal lines. Power 

electronic devices can cause noise in power systems, control 

circuits, and arcing equipment. Improper grounding that fails to 

conduct noise away from the power system often exacerbates noise 

problems. Basically, noise consists of any unwanted distortion of 

the power signal that cannot be classified as harmonic distortion or 

a transient. Noise disturbs electronic devices such as 

microcomputers and programmable controllers.  

 

Figure (2.8) voltage noises    
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DC Offset refers to the presence of a dc voltage or current in an AC 

power system. This phenomenon can occur as the result of a 

geomagnetic disturbance or due to the effect of half-wave 

rectification. Direct current in alternating-current networks can have 

a detrimental effect by biasing transformer core fluxes. Transformers 

can become saturated even in normal operation. This causes 

additional heating, loss of transformer life, and the production of 

harmonics. DC offset may also cause the electrolytic erosion of 

grounding electrodes and other connectors. 

Distortion Power Factor 

It is important to point out that it cannot be, in general, compensate 

for poor distortion power factor by adding shunt capacitors. Only the 

displacement power factor can be improved with capacitors. This 

fact is especially important in load areas that are dominated by 

single-phase power electronic loads, which tend to have high 

displacement power factors but low distortion power factors. In these 

instances, the addition of shunt capacitors will likely worsen the 

power factor by inducing resonance and higher harmonic levels. A 

better solution is to add passive or active filters to remove the 

harmonics produced by the nonlinear loads, or to utilize low  

distortion power electronic loads 

2.3   Power Quality Solutions:  

  There are four ways to solve power quality problems:  

Design equipment and electrical systems to prevent electrical 

disturbances from causing equipment or systems to malfunction. 
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Where, manufactures of sensitive equipment can reduce or eliminate 

the effect of power quality problems by designing their equipment to 

be less sensitive to disturbances. They can add some devices to their 

equipment according to situation, for instance a capacitor to provide 

temporary energy storage when the voltage sags are too low. They 

can also alter their equipment to desensitize it to power quality 

problem for example; they can design special K factor transformers 

that tolerate harmonics.  

- Analyze the symptoms of power quality problems to determine 

its cause and solution. It is important to determine source and 

type of power quality problems, the type of power quality 

problem and its cause often determine the solution.  

- Identify the medium that is transmitting the electrical 

disturbances and reduce or eliminate the effect of that medium.  

- Treat the symptoms of the power quality problems by use of 

power conditioning equipment. It provides essential protection 

against disturbances. Power conditioning equipment include 

devices that reduce or eliminate the effect of a power quality 

disturbance. It can be used to condition the source, the 

transmitter, or the receiver of the power quality problems. The 

equipment can be divided into ten categories, surge 

suppressors, noise filter, isolation transformer, low-voltage line 

reactors, various line voltage regulators, motor-generator sets, 

dual feeders with static transfer, uninterruptible power supplies, 

harmonic filters and Dynamic voltage restorer (DVR). 
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Selection of Appropriate Power Conditioning 

Equipment: 

End user should implement the following steps before selecting the 

appropriate power conditioning equipment to mitigate their problem:  

-  Determine the power quality problem.  

- Correct wiring and grounding and faulty equipment problems 

before purchasing power conditioning equipment.   

Recent surveys by ERRI and others indicate that improper grounding 

and wiring cause 80 to 90 percent of the power quality problems. 

However, many end users overlook improper grounding and wiring 

in their facilities. They should always investigate the wiring and 

grounding in their facilities before purchasing and installing 

expensive power conditioning equipment.  

- Evaluate alternative power conditioning solutions.  

- Develop a power-conditioning plane.  

- Determine if the utility source is compatible with the load.  

- Select and install power conditioning equipment. - Operate and 

maintain power-conditioning equipment 

2.4 Power Quality Assessment Procedure (PQAP):  

Power quality assessment procedure is based on a variety of different 

power quality concerns that can exist and focuses on a combination 

of monitoring and analysis to characterize these concerns. 
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Once the power quality concerns are characterized, the analysis 

procedures developed can be used to evaluate possible solutions to 

the power quality problems. These solutions must then be evaluated 

from both a technical and an economic perspective. There are a 

number of important areas that must be addressed in the power 

quality assessment procedure. These include:  

- Data collection requirements.  

- Important power quality as a function of the type of customer 

- Equipment sensitivity. 

- Important parameters of the power quality  

- Roles of measurements and simulations in evaluating 

Implementation of possible solutions to solve the problem.  

Power quality assessment procedure provides a general framework 

that contains all the possible elements that may be needed for power 

quality study. The following sections summarize the general steps 

involved in the procedure.  

2.4.1 Identification of  Power Quality Concerns  

The specific power quality concerns that need to be evaluated will be 

different from customer to customer. A review of the types of 

equipment used by the customer, process requirements and 

economic impacts of problems will lead to a list of concerns that 

need to be studied. They can include possible problems with both the 

utility distribution system and the customer facilities. Possible power 

quality problem categories to be evaluated include the following:  
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- Voltage transients caused by circuit switching and load   

switching within the customer facility.  

- Harmonic distortion from nonlinear loads.  

- Transformer heating caused by harmonic current levels. 

- Transient magnification at low voltage capacitor banks.  

- Transients and notching associated with power electronics 

2.4.2 Data Collection   

A representation of the customer system and important parts of the 

utility system should be developed for preliminary analysis. 

In cooperation with the customer, the data is collected and 

compiled into a database for convenient reference during the  

 

- Power conditioning equipment surge suppressors isolation 

transformers constant voltage transformers U.P.S system 

harmonic filters  

- Distribution system characteristics primary voltage 

underground or overhead protection practices and switching 

procedures capacitor applications (locations, sizes and switching)  

2.4.3 Develop measurement program and perform 

monitoring  

    The utility and customer systems being evaluated should be  

monitored to characterize the power quality variations.  

The measurement program should be designed based on the 

particular sensitive loads existing at the customer facilities. 
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Monitoring will typically be performed at the customer service 

entrance and close to particular sensitive loads in order to 

characterize disturbances coming from the utility system and 

disturbances which are localized at the sensitive loads. A 

measurement program plan should be developed which specifies the 

following:  

- Quantities to monitor. 

- Monitoring durations. 

- Threshold levels which will trigger recording of disturbances 

- Waveform sampling and data storage requirements. 

- Analysis procedure and data presentation formats. 

- The monitoring process requires close cooperation between the 

customer and utility personnel. Monitoring sites and 

instrumentation should be selected based on the particular 

concerns being characterized. The duration of monitoring will 

depend on the parameters which can affect the power quality 

concerns.  

- 2.4.4 Evaluation of Measurement Results And 

Development Solutions  

- The measurement results are analyzed. The initial 

measurements and the site survey are used to identify the 

phenomena involved and the important parameters. This 

information is used for possible solutions to the power quality 

problem.   
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Once the range of technical solutions is identified, economic analysis 

needs to be performed to evaluate the possible alternatives for 

solving customer power quality problems. These alternatives will 

generally include the following options:  

- Power conditioning and / or filtering at the sensitive loads 

- Central power conditioning and/or filtering at the customer service 

entrance. 

- Changing operating procedures or system design on the utility 

distribution system.  

- Modification to the design of sensitive loads to make them less 

sensitive to power quality variations.  

The requirements for each of these options will be developed and the 

analysis of measurements results will be performed.   

Figure (2.9) indicates a summary of power quality assessment 

procedure (PQAP).  
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Figure (2.9) indicates a summary of power quality assessment 

procedure (PQAP) 
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CHAPTER THREE  

POWER QUALITY MONITORIG  

3.1 INTRODUCTION  

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. Power quality monitoring programs are often driven by the 

demand for improving the system wide power quality performance. Many 

industrial and commercial customers have equipment that is sensitive to 

power disturbances, and, therefore, it is more important to understand the 

quality of power being provided. Examples of these facilities include 

computer networking and telecommunication facilities, semiconductor and 

electronics manufacturing facilities, biotechnology and pharmaceutical 

laboratories, and financial data-processing centers. Hence, in the last decade 

many utility companies have implemented extensive power quality 

monitoring programs. 

3.2 Monitoring Considerations  
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Before embarking on any power quality monitoring effort, one should 

clearly define the monitoring objectives. The monitoring objectives often 

determine the choice of monitoring equipment, triggering thresholds, 

methods for data acquisition and storage, and analysis and interpretation 

requirements. Several common objectives of power quality monitoring are 

summarized here. 

Monitoring to characterize system performance 

This is the most general requirement. A power producer may find this 

objective important if it has the need to understand its system performance 

and then match that system performance with the needs of customers. 

System characterization is a proactive approach to power quality monitoring. 

By understanding the normal power quality performance of a system, a 

provider can quickly identify problems and can offer information to its 

customers to help them match their sensitive equipmentôs characteristics 

with realistic power quality characteristics. 

Monitoring to characterize specific problems 

 Many power quality service departments or plant managers solve problems 

by performing short-term monitoring at specific customer sites or at difficult 

loads. This is a reactive mode of power quality monitoring, but it frequently 

identifies the cause of equipment incompatibility, which is the first step to a 

solution. 

Monitoring as part of an enhanced power quality service Many power 

producers are currently considering additional services to offer customers. 
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One of these services would be to offer differentiated levels of power quality 

to match the needs of specific customers. A provider and customer can 

together achieve this goal by modifying the power system or by installing 

equipment within the customerôs premises. In either case, monitoring 

becomes essential to establish the benchmarks for the differentiated service 

and to verify that the utility achieves contracted levels of power quality. 

Monitoring as part of predictive or just-in-time maintenance 

Power quality data gathered over time can be analyzed to provide 

information relating to specific equipment performance. For example, a 

repetitive arcing fault from an underground cable may signify impending 

cable failure, or repetitive capacitor-switching restrikes may signify 

impending failure on the capacitor-switching device. Equipment 

maintenance can be quickly ordered to avoid catastrophic failure, thus 

preventing major power quality disturbances which ultimately will impact 

overall power quality performance. 

The monitoring program must be designed based on the appropriate 

objectives, and it must make the information available in a convenient form 

and in a timely manner (i.e., immediately). The most comprehensive 

monitoring approach will be a permanently installed monitoring system with 

automatic collection of information about steady-state power quality 

conditions and energy use as well as disturbances. 

3.2.1 Monitoring as Part of A facility Site Survey 
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Site surveys are performed to evaluate concerns for power quality and 

equipment performance throughout a facility. The survey will include 

inspection of wiring and grounding concerns, equipment connections, and 

the voltage and current characteristics throughout the facility. Power quality 

monitoring, along with infrared scans and visual inspections, is an important 

part of the overall survey. The initial site survey should be designed to 

obtain as much information as possible about the customer facility. This 

information is especially important when the monitoring objective is 

intended to address specific power quality problems. This information is 

summarized here. 

- Nature of the problems (data loss, nuisance trips, component failures, 

control system malfunctions, etc.) 

- Characteristics of the sensitive equipment experiencing problems 

(equipment design information or at least application guide 

information) 

- The times at which problems occur 

- Coincident problems or known operations (e.g., capacitor switching) 

that occur at the same time 

- Possible sources of power quality variations within the facility (motor 

starting, capacitor switching, power electronic equipment operation, 

arcing equipment, etc.) 

- Existing power conditioning equipment being used 

- Electrical system data (one-line diagrams, transformer sizes and 

impedances, load information, capacitor information, cable data, etc.) 
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Once these basic data have been obtained through discussions with 

the customer, a site survey should be performed to verify the one-

line diagrams, electrical system data, wiring and grounding integrity, 

load levels, and basic power quality characteristics. Data forms that 

can be used for this initial verification of the power distribution 

system are provided in Figs. 3.1 to 3.4. They can be used to organize 

the power quality monitoring results from throughout the facility. 

 

Figure (3.1) Form for recording supply transformer test data. 

3.2.2 Determination of Monitoring  

Power quality encompasses a wide variety of conditions on the power 

system. Important disturbances can range from very high frequency 

impulses caused by lightning strikes or current chopping during circuit 

interruptions to long-term over-voltages caused by a regulator tap switching 

problem. 
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The range of conditions that must be characterized creates challenges both in 

terms of the monitoring equipment performance specifications and in the 

data-collection requirements. 

 

 Figure (3.2)   Form for recording feeder circuit test data (from panel). 

Various categories of power quality variations along with methods for 

characterizing the variations and the typical causes of the disturbances. 

The methods for characterizing the quality of ac power are important for the 

monitoring requirements. For instance, characterizing most transients 

requires high-frequency sampling of the actual waveform. 

Voltage sags can be characterized with a plot of the rms voltage versus time. 

Outages can be defined 
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simply by a time duration. Monitoring to characterize harmonic distortion 

levels and normal voltage variations requires steady-state sampling with 

results analysis of trends over time. Extensive monitoring of all the different 

types of power quality variations at many locations may be rather costly in 

terms of hardware, communications charges, data management, and report 

preparation. Hence, the priorities for monitoring should be determined based 

on the objectives of the effort. Projects to benchmark system performance 

should involve a reasonably complete monitoring effort. Projects designed to 

evaluate compliance with IEEE Standard 519-1992 for harmonic distortion 

levels may only require steady-state monitoring of harmonic levels. Other 

projects focused on specific industrial problems may only require 

monitoring of rms variations, such as voltage sags. 

 

Figure (3.3)    Form for recording branch circuit test data (from panel). 
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           Figure (3.4)   Form for recording test data at individual loads. 

3.2.3 Choosing Monitoring Locations 

Obviously, we would like to monitor conditions at virtually all locations 

throughout the system to completely understand the overall power quality. 

However, such monitoring may be prohibitively expensive and there are 

challenges in data management, analysis, and interpretation. 

Fortunately, taking measurements from all possible locations is usually not 

necessary since measurements taken from several strategic locations can be 

used to determine characteristics of the overall system. Thus, it is very 

important that the monitoring locations be selected carefully based on the 

monitoring objectives. We now present examples of how to choose a 

monitoring location. 
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The monitoring experience gained from the EPRI DPQ project
1 
provides an 

excellent example of how to choose monitoring locations. The primary 

objective of the DPQ project was to characterize power quality on the U.S. 

electric utility distribution feeders. 

Since the primary objective was to characterize power quality on primary 

distribution feeders, monitoring was done on the actual feeder circuits. One 

monitor was located near the substation, and two additional sites were 

selected randomly (shown in figure 3.5). By randomly choosing the remote 

sites, the overall project results represented power quality on distribution 

feeders in general. It may not be realistic, however, to assume that the three 

selected sites completely characterized power quality on the individual 

feeders involved. When a monitoring project involves characterizing specific 

power quality problems that are actually being experienced by customers on 

the distribution system, the monitoring locations should be at actual 

customer service entrance locations because it includes the effect of step-

down transformers supplying the customer. Data collected at the service 

entrance can also characterize the customer load current variations and 

harmonic distortion levels. Monitoring at customer service entrance 

locations has the additional advantage of reduced transducer costs. In 

addition, it provides indications of the origin of the disturbances, i.e., the 

utility or the customer side of the meter. 
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Another important aspect of the monitoring location when characterizing 

specific power quality problems is to locate the monitors as close as possible 

to the equipment affected by power quality variations. It is important that the 

monitor sees the same variations that the sensitive equipment sees. High-

frequency transients, in particular, can be significantly different if there is 

significant separation between the monitor and the affected equipment. 

 

Figure (3.5)   Typical distribution feeder monitoring scheme. 
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A good compromise approach is to monitor at the substation and at selected 

customer service entrance locations. The substation is important because it is 

the PCC for most rms voltage variations. The voltage sag experienced at the 

substation during a feeder fault is experienced by all the customers on other 

feeders supplied from the same substation bus. Customer equipment 

sensitivity and location on a feeder together determine the service entrance 

locations for monitoring. For instance, it is valuable to have a location 

immediately down line from each protective device on the feeder. Figure 3.6 

illustrates the concept of a monitoring system based on monitoring at 

substations and customer sites. It also illustrates how the Internet can be 

used to provide access to the information for all interested parties  

3.2.4  Options for Permanent Power Quality Monitoring 

Equipment 

Permanent power quality monitoring systems, such as the system illustrated 

in Fig. 3.6, should take advantage of the wide variety of equipment that may 

have the capability to record power quality information. Some of the 

categories of equipment that can be incorporated into an overall monitoring 

system include the following: 

- Digital fault recorders (DFRs). These  already be in place at many 

substations. DFR manufacturers do not design the devices specifically 

for power quality monitoring. However, a DFR will typically trigger on 

fault events and record the voltage and current waveforms that 

characterize the event. This makes them valuable for characterizing rms  
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Figure (3.6) Illustration of system power quality monitoring concept with 

monitoring at the substation and selected customer locations. 

turbines, such as voltage sags, during power system faults. DFRs also offer 

periodic waveform capture for calculating harmonic distortion levels. 

- Smart relays and other IEDs. Many types of substation equipment may 

have the capability to be an intelligent electronic device (IED) with 

monitoring capability. Manufacturers of devices like relays and reclosers 

that monitor the current anyway are adding on the capability to record 

disturbances and make the information available to an overall monitoring 

system controller. These devices can be located on the feeder circuits as 

well as at the substation. - Voltage recorders. Power providers use a 

variety of voltage recorders to monitor steady-state voltage variations on 

distribution systems. 
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We are encountering more and more sophisticated models fully capable of 

characterizing momentary voltage sags and even harmonic distortion 

levels. Typically, the voltage recorder provides a trend that gives the 

maximum, minimum, and average voltage within a specified sampling 

window (for example, 2 s). With this type of sampling, the recorder can 

characterize a voltage sag magnitude adequately. However, it will not 

provide the duration with a resolution less than 2 s. 

- In-plant power monitors. It is now common for monitoring systems in 

industrial facilities to have some power quality capabilities. These 

monitors, particularly those located at the service entrance, can be used as 

part of a utility monitoring program. Capabilities usually include wave 

shape capture for evaluation of harmonic distortion levels, voltage profiles 

for steady-state rms variations, and triggered wave shape captures for 

voltage sag conditions. It is not common for these instruments to have 

transient monitoring capabilities. - Special-purpose power quality 

monitors. The monitoring instrument developed for the EPRI DPQ project 

was specifically designed to measure the full range of power quality 

variations. This instrument features monitoring of voltage and current on 

all three phases plus the neutral. A14-bit analog-to-digital (A/D) board 

provides a sampling rate of 256 points per cycle for voltage and 128 

points per cycle for current. This high sampling rate allowed detection of 

voltage harmonics as high as the 100th and current harmonics as high as 

the 50th. Most power quality instruments can record both triggered and 

sampled data. 
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Triggering should be based upon rms thresholds for rms variations and on 

wave shape for transient variations. Simultaneous voltage and current 

monitoring with triggering of all channels during a disturbance is an 

important capability for these instruments. Power quality monitors have 

proven suitable for substations, feeder locations, and customer service 

entrance locations. Revenue meter. Revenue meters monitor the voltage and 

current anyway, so it seems logical to offer alternatives for more advanced 

monitoring that could include recording of power quality information. 

Virtually all the revenue meter 

manufacturers are moving in this direction, and the information from these 

meters can then be incorporated into an overall power quality monitoring 

system. 

- Anyway, Revenue meters. Revenue meters monitor the voltage and 

current, so it seems logical to offer alternatives for more advanced 

monitoring that could include recording of power quality information. 

Virtually all the revenue meter manufacturers are moving in this direction, 

and the information from these meters can then be incorporated into an 

overall power quality monitoring system. 

3.2.5 Setting Monitor Thresholds 

Disturbance monitors are designed to detect conditions that are abnormal. 

Therefore, it is necessary to define the range of conditions that can be 

considered normal. Some disturbance monitors have preselected (default) 

thresholds that can be used as a starting point. 
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The best approach for selecting thresholds is to match them with the 

specifications of the equipment that is affected. This may not always be 

possible due to a lack of specifications or application guidelines. An 

alternative approach is to set the thresholds fairly tight for a period of time 

(collect a lot of disturbance data) and then use the data collected to select 

appropriate thresholds for longer-duration monitoring. 

3.2.6   Quantities and Duration Measurement 

Sometimes, when characterizing system disturbances, it is sufficient to 

monitor only the voltage signals. For instance, the voltages provide 

information about the quality of power being delivered to a facility and 

characterize the transients and voltage sags that may affect customer 

equipment. However, there is a tremendous amount of information in the 

currents associated with these disturbances that can help determine the cause 

and whether or not equipment was impacted. Also, current measurements 

are required if harmonics are a concern since the currents characterize the 

harmonic injection from the customer onto the power system. 

3.3  Power Quality Measurement Equipment 

The power quality phenomena cover a wide range of frequencies. They 

include everything from very fast transient over voltages to long-duration 

outages. Power quality problems also include steady-state phenomena, such 

as harmonic distortion, and intermittent phenomena, This wide variety of 

conditions that make up power quality makes the development of standard 

measurement procedures and equipment very difficult. 
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3.3.1 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 

- Harmonic analyzers and spectrum analyzers 

- Combination disturbance and harmonic analyzers 

- Flicker meters 

- Energy monitors 

3.3.2 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 
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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. 

3.3.3 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, under voltage 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 
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TABLE (3.1) Comparison of Methods for Measuring 

Voltages and 

Currents with Multimeters  

 

-  Nameplates of transformers, motors, etc. 

-  Instrumentation setups 

-  Transducer and probe connections 

-  Key waveform displays from instruments 

-  Substations, switchgear arrangements, arrester positions, etc. 

-  Dimensions of key electrical components such as cable lengths 
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CHAPTER FOUR  

 Testing And Commissioning Applications for Power 

Systems 

4.1 Introduction  

Before starting demonstrating our applications, a definition of Quality, 

Quality Assurance and Quality Control will be shown below as well as 

giving brief summary about power system and its areas and components:  

- Quality:  

Totality of characteristics of an entity that bear on its ability to satisfy stated 

or implied needs.  

- Quality Assurance (QA): 

All the planned and systematic activities implemented within the quality 

system and demonstrated as needed, to provide adequate confidence that an 

entity will fulfill  the requirements for quality.  

- Quality Control (QC):  

All the planned and systematic activities that are used to fulfill requirements 

for quality 

- There are six main areas & components of the power system: 

- Generators   

- Transformers  

-  Transmission Lines 

-  Substations  

- Distribution Lines  
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- Distribution Transformers  

The Installation of materials, devices and equipment at main areas of the 

power systems ( Substations , Transmission Lines, etc ) before checking its 

quality at factories and or / at vendors and suppliers , will  create a problem 

in the future. Therfore , the specialist of quality assurance and third party 

inspectors as well as customers ,clients & contractors agreed that no any 

materials and / or equipment or devices will be released for shipment to site 

unless tested inside the factories by the testing engineer  under the witness of 

Quality Assurance specialists and /  or Thrid party inspectors to confirm its 

quality before shipment.  

4.2 Locations for Applications of Testing and Commissioning 

of Electrical Equipment and Materials 

The locations for applications  of Testing and Commissioining of Electrical 

Equipment and Materials are factories in Saudi Arabia & Gulf Countries. An 

interventions carried out inside the factories to check the qulaity of the 

materials and equipment before releasing the materials and equipment for 

shipment to sites. 

Here are exapmples of some factories as well as some testing and 

commisioining for  electrical  equipment  and materials .There are eighteen 

applications testing and Commisioining used to demonstrate the quality of 

some components of power systems which are shown below: 
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4.3 Applications for Testing and Commissioning : 

- Application  for Testing  and Commissioning No. 1  

 Ultimate Tensile Strength for Steel Core Wires ( 7 Wires ) of 

Aluminum  

Figure (4.1)  :Ultimate Tensile Strength  for Steel Core Wires ( 7 Wires) 
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In figure (4.1 ):  Application Testing and Commissioning No.1 which is 

Condcutor Steel Reinforcment ( ACSR ) whereas the Applicable Standars is: 

10-TMSS-01 ( Transmission Materials Standard Specification) Specification 

Of Condcutors Bare 

Testing And Commissioning Carried out for Steel core Wires ( 7 Wires ) as 

following: 

¶ Minimum Acceptance Criteria for Ultimate Tensile strength for steel 

core wires ( 7 Wires)   =      1344 MPa ,      Tolerance = -5% 

 

¶ Mimimum Actual Reading for Ultimate Tensile Strength for Steel 

Core Wires ( 7 Wires ) = 1400 MPa as shown in figure (4.1) 

 

 

¶ Testing and commissioining carried out in Riyadh cables  factory, 

Riyadh City in Sauid Arabia from 8 to 13 August 2020 
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- Application Testing and Commissioning No. 2:  

Ultimate Tensile Strength for Aluminum Wires of Aluminum Condcutor 

Steel Reinforcement used as an Ovehead Transmission Lines Condcutors  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.2) Ultimate Tensile Strength for  Aluminum Wires (54 Wires). 
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In figure (4.2 ):  Application Testing and Commissioning No.2 which is 

Ultimate Tensile Strength for Aluminum Wires ( 54 Wires ) of Aluminum 

Condcutor Steel Reinforcement whereas the Applicable Standars is: 

10-TMSS-01 ( Transmission Materials Standard Specification)  

Specifications Of Condcutors Bare  

Testing and commissioning Carried out for Aluminum Wires ( 54 Wires ) as 

following:Minimum  

 

Acceptance Criteria for Ultimate Tensile strength for Aluminum Wires ( 54 

Wires ) =   160 MPa ,  Tolerance = -5%   

 

Mimimum Actual Reading for Ultimate Tensile Strength for Aluminum 

Wires (54 Wires ) =  172 MPa  as shown in figure (4.2)  

 

Tests carried out in Riyadh cables factory , Riyadh City  in Saudi Arabia 

from 8 to 13 August 2020. 
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- Application for Testin and Commissioning No. 3:  

 

Torsion Test for Steel Core Wires ( 7 Wires ) of Aluminum Condcutor Steel 

Reinforcement used as an Ovehead Transmission Lines Condcutors  

 

 

Figure (4.3) Torsion Test for Steel Core Wires (7 Wires). 
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In figure (4.3 ):  Application  for Testing and Commissioning No.3 which is 

Torsion Test for Steel Core Wires (7 Wires ) of Aluminum Condcutor Steel 

Reinforcement  

 

Applicable Standars is: 

10-TMSS-01 ( Transmission Materials Standard Specification)  

Specifications Of Condcutors Bare 

Test Carried out for Steel core Wires ( 7 Wires ) as following: 

- Minimum Acceptance Criteria for Torsion Test  Ó 20 Turns     

- Actual Reading for Torsion Test = 38 Turns as shown in figure 

(4.5) 

- Tests carried out in Riyadh Cables factory, Riyadh City in Saudi 

Arabia from  8 to13 August 2020. 
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- Application  for  Testing and Commissioning No. 4: 

Copper Conductor Resistance Test  for 1 X 630 MM2, 33 KV Medium 

Voltage Cable: 

 

 

Figure (4.4) Copper Conductor Resistance Test for 1 X 630 MM̂2 , 33 

KV Medium Voltage Cable .  
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In figure (4.4 ):  Application for Testing  and Commissioning No.4 which is 

Copper Conductor Resistance Test for 1 X 630 MM2 , 33 KV Medium 

Voltage Cable   

Applicable Standard is : 

 IEC 60502-2 ( International Electrotechnical Commission)  

Power Cables With Extruded Insulation And Their Accessories For Rated 

Voltage Part 2: Cables for Rated Voltages from 6 KV ( maximum Volatges 

=  7.2KV) Up to 30 KV ( Maximum Volatge = 36 KV)   

 

 

Copper Conductor ResistanceTest Carried as following:  

-  The Acceptance Criteria for  Copper Conductor Resistance Test Ò  

    0.0283 Ohm / Km ( this the maximum value )  

-  Actual Reading for  Copper Conductor Resistance Test  = 0.0282 . 

-  Tests carried out in Riyadh Cables factory , Riyadh City in Saudi Arabia   

on  25 January 2020 
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- Application  for Testing and Commissioning No. 5:  

High Voltage Test at 67 KV ( AC ) for 5 minutes -Medium Voltage Cable 1 

X 630 MM2, 33 KV 

 

 

Figure (4.5)  High Voltage Test  at 67 KV (AC ) for 5 Minutes  -  

Medium Voltage Cable  
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