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PAPER SUMMARIES





1.	“Survey of Harmonic Levels on the American Electric Power Distribution System”  

	IEEE Transactions on Power Delivery, Oct. 89, p. 2204



	The paper presents the results from a research project involving the investigation of power system harmonic levels on several distribution circuits, each with different loads.  The study was conducted over a 4 year period (84-88).  Harmonic levels on 7 distribution circuits (residential, commercial, and industrial) were recorded and analyzed, which provided information on characteristics of specific loads.  Analysis of the data from the monitored distribution system (12.47 / 7.2 kV) showed voltage distortion near 1% at minimum and exceeded 5% in a small percentage of measurements (in the 5%, the 5th harmonic was the major component). 







2.	“Distribution System Modeling with Distributed Harmonic Sources”

	IEEE Transactions on Power Delivery, April 89, p. 1297



	The paper presents a method of analyzing harmonic levels in a distribution system with several harmonic sources.  More specifically, the method is used in predicting harmonic levels following system switching and load changes.  Emphasis in the method was placed on requiring as little measured data as possible.  The method utilizes load group representations of the system loads.  The load group model parameters are determined by feeder head measurements  rather than by specify knowledge of individual loads.  These measurements, combined with short circuit parameters of the line and estimated load, are the only data required by the method.  

There are five basic assumptions of the developed method:

	1.  System is operated under balanced conditions.

	2.  Line capacities are ignored.

	3.  Skin effect is ignored.

	4.  All single phase taps are treated as lumped loads.

	5.  Load currents are predicted from peak load information, scaled to match measured 			feeder head loads.

Predicted voltage levels were compared with actual measured data. The distribution system models developed by the method were effective in studying capacitor switching and sensitivity analysis.





3.	“Voltage Notching Interaction Caused by Large Adjustable Speed Drives on Distribution 	Systems with Low Short Circuit Capacities.”

	IEEE Transactions on Power Delivery, July 96, p. 1444.



	This paper describes voltage notching associated with large adjustable speed drives.  The notching is a normal characteristic of a phase-controlled rectifier but this paper illustrates problems that can occur on systems with low short circuit levels where the voltage notching can excite the natural frequency of the distribution system and cause significant distortion in the supply voltage.  The notching characteristics and the interaction with the distribution system frequency response characteristics are described, along with possible solution, suing two actual examples where problems were encountered.

	The voltage notching discussed in the paper is caused by the commutating action of the controlled rectifier.  Also, the described notching only exists with large ASD with current-source inverter configurations or with dc drives.











4.	“An Area Substation Load Model in the Presence of Harmonics”

	IEEE Transactions on Power Delivery, Oct. 96, p. 2013.



	The paper presents a computer program which simulates the effects of harmonics at the distribution level (13.8kV/120 or 277V) by non-linear loads. The computer program is developed such that existing loadflow codes can incorporate the developed software.  The main objective of the study was to find a simple way to account for harmonic effects introduced by non-linear loads.  The nonlinear loads were modeled using the Fourier series for their current waveforms.  Each device was test at a range of voltages 105V-130V (or 256V-291V for 277V devices), where the input voltage was assumed to be distortion-free.  















5.	“Power System Harmonics Effects from ASD”

	IEEE Transactions on Industry Applications, July/Aug 84, p. 973



	This paper reviews the effects of harmonics on power systems and how ASDs affect these harmonics.  A short example is given where an actual system had harmonic problems, and a quick review of the solution is given.  The paper also provides a review of static power converter theory and how its nonsinusoidal current causes harmonic problems.  The paper states that a 300 MVA system with 15 MW of converters (SCR=20) and a total of 12 Mvar of power factor correction capacitors will demonstrate harmonic problems.







6.	“Current Harmonics, Voltage Distortion, and Powers Associated with Electric Vehicle 	Battery Chargers Distributed on the Residential Power System”

	IEEE Transactions on Industry Applications, July/Aug 84, p. 727



	The harmonic performance of the networks of several types of EV battery chargers is documented in the paper.  The cumulative effects at the substation level for random distributions of each of five different charger types are reported.  This paper includes:

	1. Chargers with and without current-smoothing inductors 

	2. Chargers with and without controlled rectifiers for maintenance of constant current



Results are reported as magnitudes of :

	1.  expected harmonic current; 

	2.  active power; 

	3.  apparent, reactive, and distortive voltage amperes; 

	4.  power factor hour by hour over typical daily recharge cycles for the network of 		 	chargers.  

Results regarding comparison among chargers demonstrate the desirability of including a current smoothing inductor in the charging circuit and indicate that constant-current type chargers using controlled rectifiers generate significantly more harmonic current than the simple non-controlled taper-current chargers.  Typical third harmonic current values of 15 A per charger on the 120 V side and 20 A per phase on the 12.8kV side for a network of chargers (at 10% penetration of chargers into the residential distribution network) indicate the possibility for harmful effects to customer and utility equipment and for interference into communications circuits.  The results reported here should be useful in both predicting harmful effects at various densities of EV chargers on the residential network and in designing chargers to minimize those effects.



7.	“Current Harmonics Generated by a Cluster of Electric Vehicle Battery Chargers”

	IEEE Transactions on Power Apparatus and Systems, March 82, p. 691



	This work analyzes the harmonic currents, apparent, active, reactive and distortion power associated with a cluster of EV taper-current type battery chargers, connected to a common bus.  A Monte Carlo simulation using pseudorandum number generators is the primary tool employed in this study (with consideration for the statistical distribution of the states of charge of the batteries and starting times of the chargers).

	The RMS harmonic currents over a daily recharge cycle as functions of the starting time distribution as well as of the number of chargers are presented.  It was found that the third harmonic dominates the spectrum, reaching 50% of the fundamental.  An important result demonstrated in this study is that for all the chargers co-located on one bus, the third harmonic current phasors add very nearly in phase.

	The goal of this paper is to report (from a preliminary study) the levels of current harmonics injected by clusters of EV battery chargers and to evaluate the impact of several parameters, including:

	1.  Number of chargers on a distribution bus

	2.  Statistical distribution of the states of charge of the batteries at the beginning of the 			recharge cycle

	3.  Statistical distribution of the starting times of chargers on the bus

	4.  Short circuit impedance of the transformer rectifier.



































8.	“Voltage Distortion in Distribution Feeders with Nonlinear Loads”

	IEEE Transactions on Power Delivery, Jan 94, p. 79



	This paper analyzes (by computer simulation) the voltage of three real-life 13.8kV feeders supplying customers with nonlinear loads.  Three classes of loads are considered:

	A.  PC’s, TV’s, compact fluorescent lights, and single phase ASD’s with voltage-source 			inverters.

	B.  Single phase ASD’s using current-source inverters.

	C.  Three phase ASD’s with voltage-source inverter (no generation of triple harmonics)

  

The analysis is based on the determination of the most harmonic susceptible busses and their response to each harmonic frequency.  A new expeditive method that takes into account the background harmonic voltage phasor, and an equivalent bus impedance was developed and used to compute the maximum nonlinear loads that yields VTHD = 5%.  The main conclusion of this work is that when mitigation methods are not used, for a 15kV class feeder with a maximum 10MVA installed load, the total nonlinear  residential load should not exceed 300kW if the ITHD<30%, and 100kW if ITHD>100%.

	The two major voltage quality problems considered are:

	1.  The effect of nonlinear loads on the odd harmonic voltages of low order, 3(h(15.  

	2.  The evaluation of the total amount of nonlinear loads (kW) that causes a VTHD = 5%.































9.	“Distribution Feeders with Nonlinear Loads in the Northeast U.S.A.:

	Part I- Voltage Distortion Forecast”

	IEEE Transactions on Power Delivery, Jan 95, p. 340



	This paper is a continuation of the study performed in paper # 8 (“Voltage Distortion in Distribution Feeders with Nonlinear Loads”).  The focus of this paper is to forecast the level of  VTHD for a typical customer during the next 20 years.  The study is based on a growth projection of residential, commercial and industrial loads and the acceptance of new technologies such as ASDs and electronic ballasts.  The harmonic power flow was determined for each feeder under the assumption of different levels of current distortions and different types of nonlinear loads.  It was found that short feeder (< 3 miles) are more immune to harmonic current effects than long feeders (> 5 miles). It was found that the rate of increase of VTHD could be as low as 0.01% per year for a short feeder without parallel resonances or could be as high as 0.35% per year in harmonic sensitive systems.

	The study was applied to three 13.8kV feeders. The total load on each feeder in 1990 was 8 MVA, and the projected load grows to 10 MVA.  The load is composed of :

	1.  residential : 	64% to 86% of total load

	2.  commercial:  6% to 9.5% 

	3.  industrial:  6% to 28%

The previous study (paper # 8) considered only one type of nonlinear load on each feeder; however, this study considers different types of nonlinear loads on each feeder.









10.	“Distribution Feeders with Nonlinear Loads in the Northeast U.S.A.:

	Part II- Economic Evaluation of Harmonic Effects”

	IEEE Transactions on Power Delivery, Jan 95, p. 348



	This paper is a continuation of paper # 9.  The report estimates the cost (1990 dollar value) of harmonic pollution to the electric utility.  The costs include 1) the total active power loss, and 2) the capital invested in design and construction of filtering stations needed to maintain VTHD below 5%.  The study focuses on the forecasted load presented in paper # 9, which is 10 MVA on three different 13.8kV feeders.  The results are given in the form of a ratio ( $ per year per kVA harmonic ).





11.	“An Investigation into the Impact of Electric Vehicle Load on the Electric Utility 	Distribution System”

	IEEE Transactions on Power Delivery, April 93, p. 591



	This paper presents case studies which evaluate the different effects EV’s have on distribution networks.  These effects  include:

	a)  the constraints at the distribution level for handling EV’s during off-peak hours

	b)  the problems with scheduling and load management programs

	c)  the allowable penetration levels for the distribution system

The study emphasizes the impact of EV loads in terms of the time and size of the peak load, the shape of the load curve, the total energy sales, and system load characteristics (load factor).







12.	“Effectiveness of Harmonic Mitigation Equipment for Commercial Office Buildings”

	IEEE IAS Annual Meeting, Oct. 96



	This paper evaluates different types of filters used to reduce harmonic currents in commercial office buildings.  Two single-phase and three three-phase active and passive harmonic filters were added to the electrical system of a typical commercial building and evaluated by computer simulation.  The resulting current/voltage distortion and estimated cost of the filters are compared to the predicted loss savings of an uncompensated system.







13.	“Harmonic Modeling of Household and Commercial Aggregate Loads”

	ICHQP: Oct. 96, p. 681



	This paper presents harmonic models for different groups of domestic and commercial customers.  The models are based on a set of measurements:  1) For domestic customers, harmonic levels at different points of common coupling were obtained through a week of continuous monitoring, 2) For commercial customers, measurements were obtained from a MV/LV substation feeding a large shopping center.  The harmonic models developed in the study are specifically devoted to LV systems with hundreds of users with weak lines (weak lines requiring harmonic distortion level predictions).  After an investigation of customer characteristics (number of users, rated power, consumption), the paper establishes a correlation between the size of aggregation and harmonic emission.

14.	“Power Quality Characterization of an Electric Vehicle Charger”

	ICHQP: Oct. 96, p. 721



	This paper presents the results from an experimental study on the power quality characteristics of an EV charger.  The experimental procedure is described, along with the measured harmonic levels of the charger.  However, this paper presents no information on possible penetration levels or the effects of the harmonic levels of the charger on a distribution system.  From the experiment, the authors concluded 1) the charger adds approximately 7 kW load to the distribution system, and 2) the charger generated 29th harmonics and above.





15.	“Modeling Harmonic Injections by Domestic Customers”

	ICHQP: Oct. 96, p. 675



	This paper describes a method of modeling harmonic current injected domestic electrical loads.  The models were developed using experimental results from the commercially available equipment commonly used in residential installations. The harmonic behavior of the following appliances were some of the devices used to obtain measurements:

	compact fluorescent lights, vacuum cleaner, microwave oven, TV, VCR, washing 	machine, dryer, refrigerator, freezer, etc..

Present in large numbers, these appliance can result in harmonic problems for a distribution feeder.  This paper develops a model which represents the harmonic injection of an average domestic customer at any time of the day during summer or winter.







16.	“Modeling and Prediction of System Voltage Distortion Levels Caused by Nonlinear 	Residential Loads”  

	ICHQP: Oct. 96, p. 668



	The paper presents a modeling technique that uses SPICE to predict the voltage distortion caused by nonlinear residential loads.  The modeling methodology was applied to specific distribution system which was rich in harmonic loads.  The results indicate that 5% VTHD could be exceeded at the tap points to single-phase laterals along distribution feeders in the system by load saturation levels as low as 11%.  





17.	“Induction Motor Loads with ASDs and Their Effect on the Power System”

	ICHQP: Oct. 96, p. 602



	This paper addresses several issues related to the effect of ASDs on distribution systems:  1) the influence of harmonics on the increased reactive power, and 2) the influence of harmonics on the motor load representation for use in the utility load flow and stability studies.  It is shown, under certain conditions, that the total power consumed by the motor with ASD is greater than the motor alone.  Three classes of motors (fractional HP, 1-10 HP, and 10-150 HP ) were tested with and without ASD.









18.	“Sensitivity Analysis of a Statistical Method for Predicting the Net Harmonic Currents 	Generated by a Concentration of Electric Vehicle Battery Chargers”

	ICHQP: Oct. 96, p. 558



	This paper is a continuation of paper # 27 (“A Statistical Method of Predicting the Net Harmonic Currents......”).  This paper presents a sensitivity analysis of a general method for evaluating the harmonic currents generated by a concentration of EV battery chargers.  The analysis begins by varying the statistics of the initial battery state-of-charge.  The statistics describing charger start-time are then varied.  Next, the charger model used is varied in order to account for less fuel-efficient vehicles.  Also, we present the expected values of net harmonic currents generated by a concentration of chargers operated under a worst-case condition.  The worst-case shows that a significant reduction in net harmonic currents is still expected when compared to simultaneous full-load operation.



















   

19.	“Statistical Summation of the Harmonic Currents Produced by a Large Number of Single 	Phase Variable Speed Air Conditioners”

	ICHQP: Oct. 96, p. 542



	This paper investigates  the impact of a larger number of Variable Speed Air conditioners (VSAC) on domestic harmonic levels.  An analytical model of the VSAC is developed to fully describe the harmonic current characteristics of the rectifier when connected to either a sinusoidal or distorted supply voltage.  This model is then used to determine the harmonic current injection as a function of the voltage wave-shape, power, and Thevenin equivalent model of the power network.  The model is also used to assess the total harmonic currents produced by a large number of units.

	The purpose of the paper is to 

	a) build power system numerical models for two commercially available VSACs,

	b) use these models to determine a representative sample of the harmonic currents 			injected by VSACs in typical situations,

	c) give statistical information about the total harmonic current injected by a large number 		of VSACs

	d) provide harmonic injection values that can be used for planning expectations.









20.	“Statistical Modeling of Harmonic Distortion at Residential Outlets”

	ICHQP: Oct. 96, p. 528



	This paper employs regression analysis to model the dependence between fundamental current and harmonic quantities for actual data.  The statistical relationships between fundamental quantities and harmonic currents/voltages are derived.  The results show that regression is a feasible approach to residential-load  harmonic modeling.  Also, the THD and current K factor are calculated on the basis of such results in order to check the effectiveness of the proposed procedure for practical purposes.













21.	“Prediction of Power System Harmonics Due to Gaseous Discharge Lighting”

	IEEE Transactions on Power Apparatus and Systems, March 85, p. 554



	The objective of his paper is to describe the method by which the harmonics due to gaseous discharge lighting may be determined using the nonlinear resistive load model and harmonic power flow computer program.  While no attempt is made to describe the physics of a gaseous discharge process, available measured data for fluorescent lamps are used to determine model coefficients.  Simulation results for an example distribution feeder (15 bus 12.5kV with 3 lighting load buses) are also presented.











22.	“Probabilistic Modeling of Power System Harmonics”

	IEEE Transactions on Industry Applications, Jan/Feb 87, p.173



	This paper presents a generalized procedure to obtain the probabilistic model of power system harmonic current injection and propagation.  The model takes into account random variations of both the operating modes as well as the configuration of nonlinear loads connected to a distribution feeder.  The method is illustrated by an example of a bus having linear as nonlinear loads of different types.  Potential applications of the model are also discussed.









23.	“A Statistical Approach to the Calculation of Harmonics in MV Systems Caused by 	Dispersed LV Customers”

	IEEE Transactions on Power Systems, Feb 96, p. 325



	The paper presents a statistical Load Model which determines harmonic parameters of all LV systems fed by the same HV/MV feeder.  The model is based on comprehensive measurements obtained from the MV system.  The harmonic distortion in the MV system (caused by the variety of LV customers) is determined by a Monte Carlo Simulation Approach applying the Load Model.  





24.	“A Summary and Evaluation of Recent Developments on Harmonic Mitigation 	Techniques Useful to Adjustable Speed Drives”

	IEEE Transactions on Energy Conversion, March 92, p.64



	This paper summarizes important developments on some of the latest harmonic mitigation techniques which could be applied toward the improvement of power quality of ASDs.  The paper introduces a table of harmonic mitigation techniques from which an evaluation is presented, along with a classification for which most of these techniques can be placed into.  The paper presents some the main harmonic mitigation techniques used in industry, such as Wye-Delta transformer connection, two-tier isolation transformer, harmonic injection, and filters.  Researchers tend to approve pulse width modulation as part of their mitigation techniques; however, field engineers tend to use conventional filtering techniques.











25.	“Effect of Supply Voltage Harmonics on the Input Current of Single-Phase Diode Bridge 	Rectifier Loads”

	IEEE Transactions on Power Delivery, July 95, p.1416



	This paper describes the effect of supply voltage harmonics on the response of single-phase capacitor filtered diode bridge rectifier loads.  A complete analytical model for calculating the current harmonics of these loads, when energized by nonsinusoidal supply voltages, is presented.  The model is then used to investigate the effect of supply voltage harmonics on current harmonics.  The key findings of the paper are:

	1)  The phase angles of supply voltage harmonics determine whether or not these 	harmonics increase or decrease current distortion.  In general, a peaked voltage wave 	increases input current distortion, whereas a flattened wave has the opposite affect.  	Because of this complex relationship, voltage crest factor is a much better predictor of 	ITHD than is VTHD.



	2) The current harmonics created by these loads produce voltage harmonics that tend to 	have a partial self-compensating effect on the current harmonics.







26.	“An Investigation of Harmonics Attenuation and Diversity Among Distributed Single 	Phase Power Electronic  Loads”

	IEEE Transactions on Power Delivery, Jan 95, p. 467



	This paper investigates the cumulative harmonic current characteristics of a larger number of single phase power electronic loads.  The paper derives a complete analytical model for the most common load type (capacitor-filtered diode bridge rectifier).  This model is then used to investigate the impact (on individual and cumulative current harmonics) of 

	1) interaction due to a shared source impedance

	2) variation in power level

	3) variations in circuit parameters

One of the main findings of the paper is that diversity and attenuation are very important factors in predicting the behavior of distributed single phase power electronic loads, especially for the higher order harmonics.  Another key finding is that due to diversity and attenuation, the commonly used fixed current injection method can significantly overestimate the cumulative harmonic currents produced by these loads.









27.	“A Statistical Method for Predicting the Net Harmonic Currents Generated by a 	Concentration of Electric Vehicle Battery Chargers”

	IEEE Transactions on Power Delivery, Summer Meeting 96



	This paper presents a generalized analytical solution technique for predicting the harmonic currents produced by a group of EV battery chargers.  The technique accounts for the diversity caused by variations in individual charger start-time and battery state-of-charge.  The model allows for partial harmonic cancellation due to diversity in magnitudes and phase angles.  An example is presented using data from a commercially available EV charger.  The results from the study show that a limiting distribution of 7-10 chargers is adequate for accurately predicting harmonic injection currents using the Central Limit Theorem.  The expected values of new harmonic currents are also considerably less than the peak values that would have been realized if the same number of chargers were operated in unison.











28.	“A Statistical Analysis of the Effect of Electric Vehicle Battery Charging on Distribution 	System Harmonic Voltages”

	IEEE Transactions on Power Delivery/Power Electronics, 1996



	This paper presents a statistical method for predicting the effect that widespread EV battery chargers will have on the harmonic voltage levels of power distribution systems.  The method uses a statistical model for nonlinear load currents to generate specific harmonic voltage levels.  The statistical model for the harmonic currents produced by a concentration of EVs accounts for partial harmonics cancellation introduced by uncertainty and variation in charger start-time and initial battery state-of-charge.  A general solution technique is presented along with several examples using data from a commercially available EV charger and an actual power distribution system.  The results from the study show that there is a definite threshold penetration below which EV charging has negligible impact on the number of buses whose VTHD exceeds 5%.  During the late evening of a summer day, the example distribution system can accommodate EV penetration levels as high as 20%.  A similar analysis of the system in the spring or fall indicates that the system an accommodate a 15% EV penetration before VTHD exceeds 5% at an unacceptable number of buses.







29.	“Evaluation of Harmonic Impacts from Compact Fluorescent Lights on Distribution 	Systems”

	IEEE Transactions on Power Systems, Winter Meeting 95



	This paper presents measurements of harmonic characteristics for different types of compact fluorescent lamps (CFL).  The paper also analyzes the possible impacts these lights will have on the harmonic levels in distribution systems.  A combination of EMTP and conventional harmonic analysis simulations are used to predict the distortion levels in distribution systems.  These distortion levels are defined as a function of system characteristics, the CFL characteristics, and the CFL penetration level.

One of the main findings of the paper states that CFLs with lower current distortion levels (30% or less) should not cause voltage distortion problems on the feeder (even at high penetration levels of 150W per household).





30.	“Predicting the Net Harmonic Currents Produced by Large Numbers of Distributed Single 	Phase Computer Loads”

	IEEE Transactions on Power Delivery, Winter Meeting 95



	In this paper, simulations are used to predict the net harmonic currents produced by large numbers of single phase desktop computers in commercial office buildings.  The simulation analysis considers 1) the attenuation due to system impedance and voltage distortion and 2) diversity in the harmonic current phase angles due to variations in power and circuit parameters.  Experimental and published data was used to establish ranges of circuit parameters for a equivalent base computer unit (120V, 100W).  Developed code was then used to predict the harmonic injection currents at the point of common coupling represented by a shared transformer connected to a stiff power system.  The main contributions of this paper are 

	a) providing estimates of the net harmonic current injections due to distributed single 	      	phase computer loads (in A/kW and % of fundamental current) for a wide range of 	system loading and voltage distortion



	b) illustrating that the reduction in harmonic currents due to phase angle diversity is 	relatively independent of system loading, while the reduction due to attenuation 	increases significantly with system loading.











31.	“Olympic Village Electric Tram System: Concentrated Charging and Power Quality”

	Georgia Tech, Winter Meeting 1997



	This paper reports the results from a study in which an all-electric transportation system was installed to service athletes living in Olympic Village during the 1996 Summer Olympics.  The study investigated the feasibility of having EV chargers geographically concentrated.  The effects on the distribution system was investigated.











32.	“The Estimation of the Maximum Admissible Level of 3rd Harmonic Current in 13.8 kV 	Feeders”

	Source: Unknown



	This paper presents the results of a theoretical study that helps estimate the total amount of 3rd harmonic current that can be injected in a 13.8 kV feeder without exceeding the 3%, 3rd harmonic voltage.  The results obtained may serve as a reference when the maximum amount of admissible single-phase nonlinear loads connected must be determined.









33.	“Power Quality Problems at Electric Vehicle’s Charging Station”

	Advancements in Electric and Hybrid Electric Vehicle Technology, 

	International Congress and Exposition (Feb/March 1994)



	In the area of EV racing, substantial attention will be required to the racetrack battery charging facility. During the 1993 third annual APS Solar and Electric 500 race at Phoenix International Raceway, the generated current harmonics were monitored for various types of battery chargers.  This paper summarizes the measured results and statistically predicts the impact of large numbers of battery chargers (simultaneously operated) on the racetrack power system.  A statistical simulation was performed by adding randomly selected combinations of the digitized current waveforms which had been recorded at the racetrack charging facility.  The THD was calculated for each iteration of the simulation.  Measurements show that individual battery chargers generated distorted currents with THD in a range from 10% to 100%.  Experimental measurement and simulations show that the total current generated by the simultaneous operation of several chargers is less distorted than individual charger currents.  As the number of chargers increased there was a continual decrease in the THD of the combined currents.

















34.	“Current Harmonic at an Electric Vehicle Battery Charging Station”

	Unpublished



	This paper presents the results and analysis of the current data collected during two consecutive years at the charging facility used during the APS Electric 500 (an EV race) held at the Phoenix International Raceway.  During the 1993 race, only the individual ac currents were measured.  During the 1994 race only the cumulative currents, as a result of many chargers operating at one time, were measured.  Analysis showed that individual chargers generated distorted currents with a THD in the range from 10% to 100%.  The cumulative current had a lower THD in the range from 6% to 30%.  The harmonic cancellation in case of many  chargers results in reduction of THD.  Computer statistical simulation also shows reduction of THD with increasing number of chargers.











35.	“Evaluation of Harmonic Levels in Electrical Networks by Statistical Indexes ”

	Conference Record of the 1993 IEEE Industry Applications Society  Annual Meeting

	p. 1586



	In this paper, the problem of harmonic pollution in electrical networks is dealt with statistical procedures.  Due to the randomness of the operating conditions of non-linear devices, the stochastic approach seems the most suitable in order to get results meeting both technical and economical requirements.  In particular, a comparative study is carried out on the effectiveness of semi-empirical expressions, which have been proposed to simplify evaluation and forecasting of harmonic pollution levels in AC networks.





















36.	“A Study of Voltage Distortion Caused by Variable Speed High-Efficiency Heat Pumps”

	Conference Record of the 1993 IEEE Industry Applications Society  Annual Meeting

	p. 1579



	In this paper, the influence of a large concentration of variable-speed high-efficiency heat pumps (VSHP)upon the derating of residential single-phase distribution transformers and the quality of electric power is investigated.  The harmonic power flow computer program, HARMFLO, is used to determine the derating of a 50 kVA single-phase distribution transformer supplying the VSHP nonsinusoidal load current.  The VSHP is modeled as a fixed-harmonic load whose harmonic spectra were obtained from field measurements.  Finally, the variations of the voltage total harmonic distortions and the system harmonic (2 R losses are evaluated for different VSHP penetration levels throughout the distribution system.







37.	“Harmonic Currents Generated by Personal Computers and their Effects on the 	Distribution System Neutral Current”

	Conference Record of the 1993 IEEE Industry Applications Society  Annual Meeting

	p. 1483



	The switching mode power supplies used in PC’s are major sources of harmonic currents.  Measured and calculated waveforms and harmonic levels of input currents of various types of PC’s are presented.  Harmonic currents of a group of PC’s reinforce each other.  Neutral currents resulting from the addition of triplen harmonics are analyzed and recommendations are made to safeguard against potential problems.







38.	“Power in Single-phase Circuits under Sinusoidal and Harmonics Distortions Conditions”

	Source:	 ICHQP: Oct. 96, p. 103



	The theoretical development showed in this paper has addresses the meaning of each term used in power expressions of electric power systems.  A methodology for power factor evaluation of electrical single-phase circuits is developed.  This work only intends to show clearly the differences in instantaneous power comportment among single-phase circuits clamped to voltages and currents with harmonics contents.  The emphasis of this paper is predominantly instructive.



39.	“An Investigation of the Harmonic Characteristics of Transformers Excitation Current 	Under Nonsinusoidal Supply Voltage”

	IEEE Transactions on Power Delivery, Summer Meeting 96



	This paper investigates the effect of supply voltage harmonics on the excitation current of a typical 25 kVA single-phase distribution transformer.  A complete analytical model is developed to calculate the time domain waveform and the harmonic components of the excitation current.  The key findings are:

	1.	The phase angles of the supply voltage harmonics determine whether or not 			those voltage harmonics determine whether or not those voltage harmonics 			increase or decrease the distortion of the input current with respect to a 				sinusoidal supply voltage.



	2. 	The 3rd harmonic component is the supply voltage has the highest effect on the 			current harmonics and distortion, and the effect of higher voltage harmonics 			diminishes with frequency.







40.	“Modeling of Magnetizing and Core-Loss Currents in Single-Phase Transformers with 	Voltage Harmonics for Use in Power Flow”

	IEEE Transactions on Power Delivery, Summer Meeting 96



	This paper presents two approaches for calculating the iron-core and copper losses of a 25 kVA single-phase pole transformer subjected to low-frequency voltage harmonics: an approximate calculation and a finite-element computer model.  These methods can be applied to any transformer of similar construction by changing the input data and can be used for most other single-phase transformers with small modifications.  The approximate method is a technique for calculating the change in iron core losses which can be done without a computer.  The finite element computer model performs a quasi three dimensional field analysis on the iron core region and calculates the flux density and iron core losses in each finite element, as well as the magnetizing and core loss currents.  The results of either method can be used as pre-processing for a harmonic power flow program.









41.	“A Model of Large Load Areas for Harmonic Studies in Distribution Networks”

	IEEE Transactions on Power Delivery, Jan. ‘97.



	This paper describes an improved model of rotating loads in complex load areas.  The paper concentrates on the theoretical aspects of loads modeling in harmonic penetration studies with particular reference to the rotating part of load and illustrates the results achieved from the experimental surveys conducted in a laboratory and at a major industrial customer.  The paper also describes the calibration stage of the proposed model based on results from a statistical survey conducted at manufacturers on parameter variation vs. frequency with a large sample of both LV and MV induction motors.  Guidelines are provided for a correct used of the proposed model in system studies concerning harmonic penetration within electric distribution networks.









42.	“Harmonic Analysis Method for Determining Distribution System Sensitivity”

	Energy Engineering, 1991 (Vol 88, No. 5) p.14



	This paper investigates the sensitivity of harmonic distortion in an electric utility distribution system to provide assistance to engineers in developing harmonic waveform mitigation techniques with sufficient safety margins to compensate for load variations in the distribution system.  Two methods are used to model a power electronic based converter load and networks and calculate harmonics.  The results indicate that the diversion of harmonic currents varies not only with the load size, but also with its location.  The harmonic distortion is sensitive to the critical areas of the distribution system which have significant weights in terms of the system impedance.

















	

43.	“An Iterative Approach for Analysis of Harmonic Penetration in the Power Transmission 	Networks”

	IEEE Transactions on Power Delivery, Winter Meeting 91



	This paper presents an iterative process of computing harmonic voltage profile on a power system transmission network.  A method based upon  the frequency domain analysis is utilized in conjunction with the fundamental load flow computations.  The concept of conventional reactive power and the distortion power are incorporated in order to determine interaction between the power system and harmonic generating sources.  The model of the transmission system considered lends itself to the determination of the standing wave pattern and can be used in identifying the points of maxima and minima on the transmission line besides the two end points.  A phase shifting model of transformer is presented for the harmonic analysis. Three examples of power transmission systems are taken to illustrate us of the algorithm.	





44.	“Harmonic Surveying of Medium Voltage Distribution Networks: Optimizing Criteria”

	Source:   ICHQP: Oct. 96, p. 740



	This paper deals with interpreting measured data by statistical procedures such that optimum surveying lengths can be determined.  Indications about the optimum survey length and evaluation of confidence intervals for harmonic figures are proposed and validated by on-field measurements.  It is shown that the minimum length of survey which provides accurate representation of harmonic figures is 2-3 weeks.  The sampling period can be of the order of 10 minutes even if larger ones (e.g. one hour) can still provide a valid description of the probability density function of harmonic quantities.





45.	“Future of Electric Vehicles and Effects on Power Systems”

	MSU, Presentation at PES Winter Meeting ‘97



	This presentation summarizes the present state of EV charging in the U.S. and the future effects EV charging will have on power systems.  The discusses several types of chargers and their effects impact on power systems.  The presentation summarizes the impact of these chargers on a national scale.
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