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Abstract 

Non-linear loads (NLLs) cause distortion also known as harmonic pollution; this pollution creates power 

quality issues. Issues including: voltage supply distortion, power losses, electromagnetic interference, 

resonance, metering errors, and instability. This is due to the current harmonics that are a byproduct of 

devices that convert electrical to other forms of energy such as mechanical, thermal, and electrical. 

Devices such as these are common in industrial plants or large-scale office buildings. The reduction of 

harmonic pollution is necessary to avoid the costs, or fines, associated with the poor power quality they 

are responsible for. The goal of this project is to evaluate two harmonic mitigation techniques 

minimizing the Total Harmonic Distortion of voltage on a power system.  Both methods involved the 

addition of an active filter across the NLLs; for Method I the active filter and the NLL act as an equivalent 

resistance, while for Method II the active filter and NLL produce the current of only the fundamental 

harmonic.  Based on the simulation results it was determined that Method I is more efficient at 

mitigating current harmonics.  
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1 Introduction 

Electrical energy is a product; it is produced, sold, and distributed to consumers. Good quality 

energy is produced at substations as a 60 Hz, 3 phase, 120° balanced sinusoidal waves, it is then sold to 

consumers with the expectation that they are receiving the same good quality characteristics.  It is 

becoming more common that this is not the case. Often, as electrical energy is used by the consumer it 

is converted into other forms of energy such as thermal, mechanical, and electrical. This conversion 

process produces harmful byproducts called current harmonics. Current harmonics operate at the 

fundamental frequency (60Hz) and at integer multiples of this frequency; the most harmful of these 

harmonics occur at the odd integers (180Hz, 300Hz, 420Hz, 540Hz, etc.). However, there are known 

situations when the harmonic order is a non-integer. The current harmonics are injected into the power 

system and cause electromagnetic pollution; this pollution prevents the next consumers from receiving 

the expected electrical energy.  Some of the negative effects the harmonic pollution have on a power 

system include: 

 Voltage distortion 

 Resonances 

 Metering and relay errors 

 Waveform notching 

 Instability and mechanical vibrations 

 Power line overheating 

 Sensitive equipment failure. 

 Additional power losses due to skin effect 

1.1 Total Harmonic Distortion 

The current harmonics mix with the power system‘s voltage and current waveforms causing 

distortions.  The degree of distortion on a waveform is evaluated using the Total Harmonic Distortion 

(THD).  The equation takes the square root of the summation of all the harmonic components of the 

voltage or current squared divided by the fundamental component of the voltage or current wave, 

Equation 1.1 is used for THD of voltage (THDV) and Equation 1.2 is used for THD of current (THDI).  This 

equation compares the harmonic component to the fundamental component of a signal; a higher THD 

percentage results in more signal distortions present. 
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The IEEE Standard 519-1992, titled, “IEEE Recommended Practices and Requirements for 

Harmonic Control in Electrical Power Systems” limits the individual and total distortion for harmonics in 

a power system.  The standard is to keep voltage distortion at the consumer’s connection point to the 

power grid below 5% THDV.  The current distortion limit depends on the type of customer receiving 

power; small consumers on the power system have higher current distortion limits than large 

consumers, this limit can be as high as 20% THDI [2].  For the purpose of this project the main concern 

will be the total harmonic distortion of the voltage (THDV) because of its more concise standard.   

1.2 Active Filters 

Harmonic filters are used to absorb or minimize the unwanted current harmonics providing 

improved power quality.  Some types of harmonic filters are passive, active and hybrid.  For the purpose 

of this project, active filters will be used.  Active filters are more desirable than passive filters because: 

 Active filters do not resonate with the system, where as passive filters resonate with 

system. 

 They can address more than one harmonic at a time  

 They can be programmed to correct harmonics as well as power factor [1].  

Active filters are used to compensate the current harmonics.  These filters are effective because 

they automatically adjust to mitigate the current harmonics for each nonlinear load.  The active filter is 

added in parallel to the nonlinear load.  It works by having a current that is the inverse of the current 

harmonics.  When the current harmonics and the current of the active filter combine they cancel each 

other out. 
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Figure 1-1-Simple feeder system showing effects of Active Filter (AF) 

Figure 1.1 represents a simple feeder system to explain the effects of an Active Filter (AF) on a 

system.  The generator produces current I1 that the 1st consumer receives.  The nonlinear load of the 1st 

consumer takes in current I1 and outputs current harmonics IH onto the system. If these harmonics are 

not mitigated they will affect the power quality of the electrical energy for neighboring consumers.  

Therefore, an active filter is added in parallel with the nonlinear load to compensate for the current IH.  

The active filter has a current, IH’, that is equal to the inverse of the current harmonics, IH.  When the 

current IH and IH’ combine, they cancel out. 

1.3 Project Goal 

The goal of this project is to find the most effective method of eliminating the current harmonics 

in a system to reduce the THDV.  This evaluation is necessary because there is much debate in the power 

industry as to which method is superior.  PSpice simulation will be used to evaluate two harmonic 

mitigation methods and well as two compensator input methods.  

1.4 Report Outline 

Chapter 2, Methodology, discusses the methodology used to collect data on both harmonic mitigation 

techniques.   

Chapter 3, Results, evaluates the data collected to determine which method is more effective. 

Generator 

1st consumer 

Compensator 

Other Consumers  

IH=IH’ 
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Chapter 4, Conclusion, concludes the final observation of the results. 

Appendix A lists all of the data, tables, code that were used to analyze and evaluate the goal of this 

project. 
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2 Methodology  

A radial feeder system was modeled with components and values representative of the power 

industry using PSpice simulation.  The circuit model includes five nonlinear loads, randomly placed at 

nodes toward the end of the feeder distribution system.  Nonlinear loads were compensated using two 

different methods and three compensator input orders. This section of the report describes the details 

by which harmonic compensation was evaluated. 

2.1 Circuit 

2.1.1 Circuit Diagram 

The following figure, Figure 2.1, depicts the radial feeder system supplied from a substation. The 

feeder consists of ten linear loads and five nonlinear loads. 

 

 

 

 

Figure 2-1- The Radial Feeder System used for harmonic mitigation evaluation 

The substation supplies 8kVRMS, 60Hz sine wave and the system has 9MVA total apparent power.  

The buses, labeled as letters A-J (from here forth be referred to as nodes A-J); thus, bus C is synonymous 
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to Node C. Each node was connected by a wire with characteristic line impedance.  Linear loads, 

modeled consumers of the power system, located at each node A - J. For clarification, the linear load 

connected to Node B is labeled as RB and it is in parallel with LB. The above representations are 

consistent throughout the power system.  

Five nonlinear loads exist on the system prior to the addition of any active filters for harmonic 

compensation. The NLLs are modeled by five paralleled current sources flowing from the node to 

ground. These NLLs represent the current harmonics injected into the power system. Each respective 

harmonic is labeled consistently. For example, the harmonics occurring at Node E are IE1, IE3, IE5, IE7, 

and IE9. “IE1” is equal to the fundamental current harmonic.  

Finally, to conduct measurements using PSpice the system requires “dummy” voltages, which 

act as ammeters, at the nodes with nonlinear loads; these “dummy” voltages do not alter the system. It 

is at these dummy voltages where measurements have been taken for each node, unless stated 

otherwise. 

2.1.2 Circuit Diagram Values 

The circuit diagram was created to model a realistic power system with loads and line 

impedances. The chosen values for the short circuit current (ISC) were based upon the graph presented 

in Figure 2.2. The ISC range of 15,000 A to 2850 A was chosen from the linearly decreasing line from 

Node A to Node J. Similarly, the phase angle was chosen using the same linear decreasing method from 

Node A to Node J at a corresponding range of 90 degrees to 80 degrees. This method can be seen in 

Figure 2.2. 
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Figure 2-2-Values for Short Circuit Current 

Using the values for the short circuit current vector and the RMS voltage (VRMS) of the generator, 

the characteristic line impedance values were calculated for the lines connecting each A - J node. This 

was determined using Equation 2.1; the VRMS vector divides by the ISC vector resulting in the impedance 

vector of the source to the node. To find the characteristic line impedance of the lines connecting the 

sections Equation 2.1 was used. This equation takes the more radial impedance (ZNode) from the source 

and subtracts the preceding node impedance (ZNode - 1 ), which is closer to the source. For example, the 

impedance for line section CD is produced by subtracting node impedance ZC from node impedance ZD. 

This solution can then be converted from polar to rectangular form utilizing Euler’s formula. The real 

part of the rectangular form is the value of the resistor, while the imaginary part is the reactance of the 

inductor. Using equation 2.1 a value for the inductor is derived. 
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The following process was used: 

1. Find source to node impedance (ZNode) using Equation 2.1 

2. Find line impedance (ZLine) using Equation 2.3. For ZLine of source to node A,  ZLine0A= ZA 

3. Convert ZLine from polar for rectangular using Euler’s formula. 

4. Identify the value of the resistor, the real part of Euler’s formula. 

5. Calculate the inductor value with Equation 2.3 

6. Repeat for all nodes. 

Example: 

   
       

          
                    (   )      (   )                  

                          

                             

                                   

   
       

            
                      (     )      (     )                  
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Resistor 

Name 

Resistor 

Value (mΩ) 

Inductor 

Name 

Inductor 

Value (mH) 

R1 28 L1 1.4 

R2 8 L2 14 

R3 9 L3 1.64 

R4 12 L4 215 

R5 16 L5 268 

R6 20 L6 361 

R7 28 L7 496 

R8 42 L8 3.058 

R9 69 L9 1.22 

R10 134 L10 2.37 

Table 2.1-Line Component Values 

Table 2.1 is the final values that were determined for the line impedance components for the radial 

feeder system. 

Apparent power at each node was chosen so that the sum of the apparent power resulted in 9MVA; 

the apparent power at each node A - J was distributed arbitrarily. The values were chosen arbitrarily 

because the power drawn from the power system by each consumer is unique.  The power factor (PF) 

was also chosen at random for each node. These values are the parameters used to first develop real 

and reactive power at the nodes and subsequently the resistor and inductor values that model the load 

impedance. The following process for calculation resulted in the feeder values of Table 2.2. The 

calculation process for each node is dependent only on the apparent power and power factor at that 

node.  

1. First the PF is manipulated to produce θ for all nodes using Equation 2.4. 

       (  )   (2.4) 

2. Next, using Equations 2.5 and 2.6, calculate the real power (P) and the reactive power (Q) of the 

linear load, do this for nodes A-J. 

       (  )   (2.5) 

      (  )   (2.6) 
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3. Finally, using Equations 2.7 and 2.8 determine the component values that will be used to model 

impedance of the linear load. In these equations it is necessary to multiply by three because the 

system is 3-phase. 

  
    

 

 
     (2.7) 

  
    

 

 
     (2.8) 

 

 

Linear Load Parameters Linear Load Values 

Node 

S 

(MVA) PF θ° 

P 

(MW) 

Q 

(MVAR) 

Resistor 

Name Ω 

Inductor 

Name mH 

A 0.5 0.80 36.86 0.40 .30 RA 480.000 LA 1.698 

B 0.9 0.85 31.78 0.68 0.421 RB 282.353 LB 1.209 

C 1.0 0.90 25.84 0.90 0.436 RC 213.333 LC 1.168 

D 1.5 0.70 45.57 1.05 0.107 RD 182.857 LD 0.475 

E 0.8 0.75 41.10 0.60 0.529 RE 320.000 LE 0.963 

F 0.4 0.50 60.00 0.20 0.346 RF 960.000 LF 1.470 

G 0.2 0.82 34.91 0.164 0.114 RG 1170.732 LG 4.450 

H 1.8 0.45 63.25 0.81 1.607 RH 237.037 LH 0.317 

I 0.5 0.65 49.45 0.325 380 RI 590.769 LI 1.341 

J 1.5 0.70 45.57 1.05 1.071 RJ 182.857 LJ 0.475 

Table 2.2-Feeder Table Components 

 

The last step for creating the circuit is inserting the harmonics. For the purpose of this 

evaluation harmonics were modeled to the 9th order. Harmonics were chosen arbitrarily within their 

corresponding ranges. Phase angle values were chosen from the range:                ; although 

harmonics can have phase angles            . The peak values for the amplitude were chosen such 
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that the fundamental peak was large and all preceding harmonic peak values were some arbitrary 

fraction of the fundamental peak, these values, seen in Table 2.3, completes the circuit of Figure 2.1. 

 

Sinusoidal 

Current 

Harmonic 

E F H I J 

Peak 

(v) 

Phase 

angle 

Peak 

(v) 

Phase 

angle 

Peak 

(v) 

Phase 

angle 

Peak 

(v) 

Phase 

angle 

Peak 

(v) 

Phase 

angle 

1 80 -30 70 20 125 -30 40 -30 28 -30 

3 1.25 25 13.75 30 1.25 40 2.5 30 5 20 

5 10 -35 8.75 10 12.5 -35 10 -20 10.625 -40 

7 13.75 -40 11.25 20 10 -10 5 20 9.125 35 

9 9.375 30 6.125 30 16.25 20 9.375 -40 18.75 30 

Table 2.3-Non-Linear Load Harmonics 

 

Initial values of the completed system with all harmonics were measured, including: apparent 

power at each node, PF, and total harmonic distortion for voltage and current. Total harmonic distortion 

discussed in the introduction was calculated using PSpice simulation tools; the calculations followed 

Equations 2.9 and 2.10. 

       
√∑   

 
   

  
       (2.9) 

       
√∑   

 
   

  
       (2.10) 

The equation is the square root of the summation of all the harmonic components of the 

voltage or current squared divided by the fundamental component of the voltage or current wave.  This 

equation compares the harmonic component to the fundamental component of a signal; the higher 

percentage THD there is, the more distortions are present in the signal. 
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Linear Load Nonlinear Load Uncompensated 

 Chosen Chosen Measured Calculated Measured 

Node ISC‹ϴ(A) S(MVA) PF S(MVA) 

S1(kVA) 

Single Phase %THD_I %THD_V 

A 15,000 ‹ 87⁰ 0.5 0.80 0.474306 158.102 10.156 2.634 

B 13,650 ‹ 86.5⁰ 0.9 0.85 0.735965 245.322 10.555 2.910 

C 12,300 ‹ 86⁰ 1.0 0.90 0.856356 285.452 11.259 6.218 

D 10,950 ‹ 85.5⁰ 1.5 0.70 1.392500 464.167 12.270 6.667 

E 9,600 ‹ 85⁰ 0.8 0.75 1.542700 514.233 14.208 7.232 

F 8,250 ‹ 84.5⁰ 0.4 0.50 0.952192 317.397 14.645 7.843 

G 6,900 ‹ 84⁰ 0.2 0.82 0.175920 58.640 13.027 8.549 

H 5,550 ‹ 83.5⁰ 1.8 0.45 2.781100 927.033 13.423 13.037 

I 4,200 ‹ 83⁰ 0.5 0.65 0.979352 326.451 18.582 14.145 

J 2,850 ‹ 82.5⁰ 1.5 0.70 1.569100 523.033 18.678 15.518 

Table 2.4-Radial Feeder System Values with no Compensation 

The values in Table 2.4 describe the radial feeder system with no compensation and will be used 

as the initial point for the evaluation of harmonic mitigation. 

2.2 Compensator Input Strategies 

The effectiveness of placing an active filter on a system depends on its location within the system.  

This has resulted in the necessity for multiple placement approaches. For this project active filters will 

only be placed at nodes where NLLs exist. After each placement of an active filter the system will be 

evaluated. 

The first approach, called A to J, for active filter placement is represented in Figure 2.3.  This 

placement method is termed “A to J” because the filters were added to the nodes with the NLLs from 

points in the system closer to the generation source to points in the system farthest from the generation 
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source also known as the most radial node. This method placement can also be described relative to 

node location; the filters were added in a direction from Node A to Node J. Meaning that, the first active 

filter was placed at the NLL closet to Node A and then evaluated for THDV. Next, a second compensator 

was added at the second closest NLL then evaluated and continued in this manner until all NLLs had 

been compensated.  

Number of 

Compensators 

Nodes 

1 E     

2 E F    

3 E F H   

4 E F H I  

5 E F H I J 

Figure 2-3-Input Strategy A to J 

The second approach, called J to A, for active filter placement is represented in Figure 2.4. The 

compensators are first added to the most radial node containing a NLL on the system with respect to the 

generating source. Then each subsequent filter is added at the next most radial node containing a NLL in 

the direction of the source generator. 

Number of 

Compensators 

Nodes 

1     J 

2    I J 

3   H I J 

4  F H I J 

5 E F H I J 

Figure 2-4-Input Strategy J to A 

The third and last active filter placement approach is represented in Figure 2.5. A random 

strategy was used; the first filter was added to Node J and analyzed. The next filter was added at Node H 

and the evaluation of the two filters, placed at Nodes J and H, was performed.  Subsequently, three 

filters were at Nodes J, H and E; four filters at Nodes J, H, E, F; and finally, five filters at Nodes J, H, E, F, 

and I. 
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Number of 

Compensators 

Nodes 

1     J 

2   H  J 

3 E  H  J 

4 E F H  J 

5 E F H I J 

Figure 2-5-Random Input Strategy 

2.3 Methods 

This section describes how the injected current harmonics are mitigated by the active filter. In this 

project the active filter will not be simulated, instead the effect of an active filter with the NLL is 

simulated. The following two methods were evaluated using the compensator input strategies described 

in Section 2.2.  

Figure 2-6-Voltage at Node E (pink) and current injected at Node E (green). No Compensators on system. 

Figure 2-7-Method I: Current through the equivalent resistance at Node E. (green) Voltage at Node E (pink). Compensators at E 

and F; NLL at H, I and J. 
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BA 

 

Figure 2-8 - Method II Current through the equivalent resistance at Node E. (green) Voltage at Node E (pink). Compensators at E 
and F and NLLs at H, I, and J. 

2.3.1 Method I 

Method I begins with the non-sinusoidal voltage and 

current waveforms, Figure 2.6, caused by the NLL and 

mitigates these harmonics with an active filter placed in 

parallel with the NLL, Figure 2.9A. In Method I, the active 

filter together with the current harmonics results in an 

equivalent load that acts as a linear resistance, Figure 2.9B. 

This produces a current waveform that follows the voltage 

waveform seen in Figure 2.7. This resistive load is a linear 

load and therefore the current and voltage gradually become 

sinusoidal. To evaluate the equivalent resistance value of the 

NLL in parallel with the active filter, Equation 2.11 is used. 

The power, in kW, and VRMS are measured at the node where 

the NLL is located.  

        

    
 (  )

     (  )
                 (2.11) 

The calculated resistor absorbs the same amount of power, within 3%, of the power absorbed 

by the current harmonics.  To keep the amount of power absorbed within 2%, the resistor value was 

  

Figure 2-9:Method I 
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manually adjusted.  The resistor values are determined during the process of inputting compensators 

and are dependent upon the particular active filter placement strategy being used. The process flow is 

as follows:  

1. Identify node of NLL to be mitigated. 

2. Perform resistor calculation at that node. 

3. Replace current harmonics with resistor. 

4. Evaluate THDV and THDI. 

5. Repeat, according to strategy, until all NLLs are compensated. 

 

The following tables present the resistor value calculations for each strategy: 

 A to J w/out Comp CALCULATED ADJUSTED   

Node PAVG(KW) VRMS(KV) R(Ω) P(KW) %error R(Ω) P(KW) %error 

E 383 7.57 149.621149 386 -0.78 N/A  N/A   100.00 

F 338.5 7.57 169.290694 335.5 0.89 N/A   N/A   100.00 

H 584 7.315 91.6253853 595 -1.88 N/A   N/A   100.00 

I 189.8 7.35 284.628556 191 -0.63 N/A   N/A   100.00 

J 129.6 7.33 414.574846 130.2 -0.46 N/A   N/A   100.00 

 

Table 2.5-Method I resistor values for input strategy A to J 
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J to A w/out Comp CALCULATED ADJUSTED   

Node Pavg(KW) VRMS(KV) R(Ω) P(KW) %error R(Ω) P(KW) %error 

J 121.2 7.27 436.080033 120.4 0.66 N/A N/A N/A 

I 187.5 7.29 283.4352 188.5 -0.53 N/A N/A N/A 

H 589 7.34 91.4696095 602 -2.21 92 599 -1.70 

F 341.6 7.6 169.086651 339 0.76 N/A N/A N/A 

E 385.5 7.6 149.831388 388.5 -0.78 N/A N/A N/A 

 

Table 2.6-Method I resistor values for input strategy J to A 

 

Random w/out Comp CALCULATED ADJUSTED   

Node Pavg(KW) VRMS(KV) R(Ω) P(KW) %error R(Ω) P(KW) %error 

J 121.2 7.27 436.080033 120.4 0.66 N/A N/A N/A 

H 586 7.3200 91.4375427 595 -1.54 N/A N/A N/A 

E 386 7.6100 150.031347 389 -0.78 N/A N/A N/A 

F 342.5 7.6200 169.531095 339.5 0.88 N/A N/A N/A 

I 189.8 7.3600 285.403583 191.4 -0.84 N/A N/A N/A 

Table 2.7-Method I resistor values for random input strategy 
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A B 

2.3.2 Method II 

Method II begins with the non-sinusoidal 

voltage and current waveforms, Figure 2.6, caused 

by the NLLs and mitigates these harmonics with an 

active filter, Figure 2.10A. The combination of the 

current harmonics in parallel with the active filter 

results in the mitigation of all current harmonics 

except the fundamental. The idea behind this is 

that the active filter is injecting identical current 

harmonics that are 180°out-of-phase, these are 

inverse current harmonics, thus eliminating the 

current harmonics through additive properties, 

Equation 2.12. 

                                  (2.12) 

      
     

 

Figure 2.10A depicts the load on the node with all of its current harmonics and the active filter and 

Figure 2.10B depicts the equivalent load after the active filter compensates the current harmonics. The 

process is as follows: 

1. Identify node of NLL to be mitigated. 

2. Remove all NLL current harmonics except the fundamental.  

3. Evaluate THDV and THDI. 

4. Repeat, according to strategy, until all NLLs are compensated. 

 

  

Figure 2-10: Method II 
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3 Results 

3.1 Amount of THD with the Addition of Compensators 

Figure 3.1 shows how adding a compensator affects the THD in a system.  The top line represents 

the amount of THD at each node for the uncompensated NLLs, the solid black circles on the line identify 

where in the system a NLL is present. The next line down has an empty circle at Node E, this circle 

represents that there has been a compensator added to the NLL at Node E. The third line down from the 

top has two empty circles at Nodes E and F, and the line represents the THD curve when there are two 

compensators.  Each line represents the addition of another compensator until all NLLs have been 

mitigated.  From this graph it is clear that when there is a compensator added to the circuit the amount 

of THD decreases.  The amount of this decrease varies for each method and when different 

compensator input methods are used. However, it is consistent, for all methods, that once a NLL has 

been compensated the amount of THDV for the system will decrease; yet, THDI carries some exceptions. 

When all of the NLLs have been compensated the system the THDV and THDI will be approximately zero. 

 

Figure 3-1-Method I THD of Voltage using A to J strategy 

For THDI the addition of a compensator does not always decrease the amount of distortion.  

There are cases that the THDI was slightly higher after the addition of another compensator, reference 
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Figure 3.2. The top line on the graph represents the amount of THDI when there is no compensation; the 

solid black circles on this line identify where there is a NLL.  The next line down has an empty circle at 

Node E which signifies that the NLL has been compensated.  The amount of THDI with one compensator 

at Node E is less than when there are no compensators. The THDI continues to drop when the next 

compensator is added at Node F.  When a compensator is added in at Node H there are 3 compensators; 

the THDI at the end of the line with 3 compensators in the system is greater than when there are only 2 

compensators.  Again, when there is another compensator at Node I and there are 4 compensators in 

the system, the THDI is greater at the end of the line than when there are only 3 compensators.  Ideally, 

the addition of a compensator reduces the THDI in the system, however, there are cases when the 

removing a harmonic has negative effects on a system. In Figure 3.2, When there are 3 and 4 

compensators in the THD is worse when there are less compensators in. This occurs by chance when the 

harmonic that had been cancelled was actually providing some compensation for the system.  When a 

harmonic has an opposite effect on another harmonic neither harmonic can cause harm on a system.  

However, when one of these harmonics are cancelled, the other harmonic disrupts the system.  

Although, there are unpredictable cases where once a NLL has been compensated and the THDI is 

worsened, once all of the NLLs have been compensated the final THDI will be approximately zero.  

 

Figure 3-2-THD of Current for Method II, A to J strategy 

3-Compensator 
THD 

4-Compensator 
THD 
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3.2 Input strategy comparison of A to J and J to A 

Once all NLLs have been compensated the THD is approximately zero, therefore there is no 

difference to which compensation and input method was used.  However, until all the compensators 

have been added to a system the compensator input method does have an effect on THD. When the 

compensators are added in a J to A order the THD decreases at a faster rate than when the 

compensators are added to the system in an A to J order.  The THDV and THDI for both Method 1 and 

Method 2 decreased faster when the compensators were added from J to A.  This was evaluated by 

finding the DifferenceAtoJ, Equation 4.4, the difference of the integral of the THD curve with n 

compensators in an A to J order, Equation 4.2, was taken from the integral of the THD curve with no 

compensation, Equation 4.1. 

Then the DifferenceJtoA was evaluated using Equation 4.5, the difference of the integral of the THD 

curve with n compensators added in a J to A order, Equation 4.3, was taken from the integral of the THD 

curve with no compensation, Equation 4.1. 

        ∫          ( )  
 

 
   (4.1) 

       (    )  ∫          (    )( )  
 

 
    (4.2) 

       (    )  ∫          (    )( )  
 

 
   (4.3) 

                              (    )   (4.4) 

                              (    )   (4.5) 

These two differences, DiffereceAtoJ and DifferenceJtoA, were then compared to one another. The 

larger value means that its corresponding input method is more effective at minimizing THD.  The 

calculations were performed for both methods each time a compensator was added and THDV and THDI 

was measured, the comparisons of these measurements can been seen in Table 3.1 and Table 3.2. In 

each case the compensator input order J to A was more effective at eliminating THD of voltage and of 

current. 
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Input Order Comparison for 1 and 2 compensators 

1 COMPENSATOR 

  

2 COMPENSATORS 

THDV THDV 

METHOD 1 METHOD 1 

  THDV     THDV   

No Comp 122.386 DIFFERENCE No Comp 122.386 DIFFERENCE 

A TO J 64.259 58.128 A TO J 54.103 68.284 

J TO A  50.980 71.407 J TO A  40.268 82.119 

METHOD 2 METHOD 2 

  THDV     THDV   

No Comp 122.386 DIFFERENCE No Comp 122.386 DIFFERENCE 

A TO J 64.977 57.410 A TO J 55.808 66.578 

J TO A  52.167 70.220 J TO A  42.743 79.643 

THDI THDI 

METHOD 1 METHOD 1 

  THDI     THDI   

No Comp 122.386 DIFFERENCE No Comp 122.386 DIFFERENCE 

A TO J 112.695 9.691 A TO J 97.870 24.517 

J TO A  80.600 41.787 J TO A  60.100 62.286 

METHOD 2 METHOD 2 

  THDI     THDI   

No Comp 122.386 DIFFERENCE No Comp 122.386 DIFFERENCE 

A TO J 113.743 8.643 A TO J 100.264 22.123 

J TO A  78.822 43.564 J TO A  57.483 64.903 
Table 3.1 - Input Order Comparison of Methods for 1 and 2 compensators 
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Input Order Comparison for 3 and 4 compensators 

3 COMPENSATORS 
 

4 COMPENSATORS 

THDV 
 

THDV 

METHOD 1 
 

METHOD 1 

 
THDV 

   
THDV 

 No Comp 122.386 DIFFERENCE 
 

No Comp 122.386 DIFFERENCE 

A TO J 30.429 91.957 
 

A TO J 20.781 101.605 

J TO A 19.344 103.042 
 

J TO A 11.617 110.769 

METHOD 2 
 

METHOD 2 

 
THDV 

   
THDV 

 No Comp 122.386 DIFFERENCE 
 

No Comp 122.386 DIFFERENCE 

A TO J 34.888 87.498 
 

A TO J 25.948 96.439 

J TO A 21.815 100.572 
 

J TO A 13.071 109.315 

THDI 
 

THDI 

METHOD 1 
 

METHOD 1 

 
THDI 

   
THDI 

 No Comp 122.386 DIFFERENCE 
 

No Comp 122.386 DIFFERENCE 

A TO J 71.022 51.364 
 

A TO J 50.802 71.584 

J TO A 33.010 89.377 
 

J TO A 16.883 105.504 

METHOD 2 
 

METHOD 2 

 
THDI 

   
THDI 

 No Comp 122.386 DIFFERENCE 
 

No Comp 122.386 DIFFERENCE 

A TO J 73.831 48.556 
 

A TO J 53.608 68.778 

J TO A 29.821 92.565 
 

J TO A 14.957 107.429 
Table 3.2 - Input Order Comparison for Methods for 3 and 4 compensators 

 

3.3 Comparison of Method 1 and Method 2 

3.3.1 THDV Elimination 

Method 1 is the most effective at eliminating THDV.  This was determined by quantifying the 

advantage of Method 2 over Method 1. The integral of the THD curve for Method 1 (A1), evaluated in 

Equation 4.7, was subtracted from the integral of the THD curve for Method 2 (A2), evaluated in 

Equation 4.6.  The  DifferenceTHD is found by using Equation 4.8. If this difference was positive then 

Method 1 was more effective because the area underneath the curve was smaller, thus Method 1 

created less THD in the system.  This evaluation was performed for all the THDV data collected and can 

be seen in Table 3.3.  In the table when M1≈M2 there was not a more effective method for 

compensation, this is because the difference was not significant.  After the evaluation was preformed it 
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was found that Method 1 is more effective than Method 2 in eliminating THDV when using the input 

strategies A to J, J to A, and random.   

   ∫           ( )  
 

 
  (4.6) 

   ∫           ( )  
 

 
   (4.7) 

                           (4.8) 

 

Comparison of Methods for THDV for compensator input order: 

A TO J 

Comp @ A1 A2 DifferenceTHD More Effective 

E 64.259 64.977 0.718 M1 

E,F 54.103 55.808 1.706 M1 

E,F,H 30.429 34.888 4.459 M1 

E,F,H,I 20.781 25.948 5.166 M1 

E,F,H,I,J 1.566 1.282 -0.284 M1≈M2 

J TO A 

Comp @ A1 A2 DifferenceTHD More Effective 

J 50.980 52.167 1.187 M1 

J,I 40.268 42.743 2.476 M1 

J,I,H 19.344 21.815 2.471 M1 

J,I,H,F 11.617 13.071 1.454 M1 

J,I,H,F,E 1.521 1.282 -0.239 M1≈M2 

RANDOM 

Comp @ A1 A2 DifferenceTHD More Effective 

J 50.980 52.167 1.187 M1 

J,H 28.984 31.969 2.985 M1 

J,H,E 19.868 22.233 2.365 M1 

J,H,E,F 12.269 14.339 2.070 M1 

J,H,E,F,I 1.548 1.282 -0.266 M1≈M2 
Table 3.3- Comparison between compensation methods for THDV 

 

This can be seen visually in Figure 3.3 and Figure 3.4. Figure 3.3 also shows the THDV of the 

system when there is one compensator at Node E, the compensator was added in the A to J order.  Here 

we can see the THDV without any compensation (the NLL line), Method 1 with compensation at Node E 

(the line with squares), and Method 2 (the line with triangles) with compensation at Node E; the 
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location of the compensator is shown with the empty circle.  With one compensator the THD of both 

Method 1 and Method 2 is less than the THDV without any compensation but there is not a distinction 

between the two methods.  

 

Figure 3-3 - THDV comparison of methods for Input order A to J with 1 compensator 

 

In Figure 3.4, there are two more compensators than in Figure 3.3; at this time, the THDV in the 

system drastically decreased from when there are no compensators in the system and there is a 

distinguishable difference between Methods 1 and 2.  It is clear that Method 1 is more effective at 

eliminating the THDV.  
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Figure 3-4 - THDV comparison of methods for Input order A to J with 3 compensators 
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When the compensators are added in J to A order Method 1 is again more effective than 

Method 2 at eliminating THDV.  Figure 3.5, shows the THDV when there is one compensator in at Node J 

for Methods 1 and 2 compared to the THDV when there are no compensators.  The addition of a 

compensator reduced the amount of THDV in the system and Method 1 is slightly more effective.   

 

Figure 3-5 - THDV comparison of methods for Input order J to A with 1 compensator 
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In Figure 3.6, two more compensators are added.  At this point there is a more noticeable 

difference and Method 1 is more effective. 

 

Figure 3-6 - THDV comparison of methods for Input order J to A with 3 compensators 

3.3.2 THDI Elimination 

The method used to evaluate THDV elimination was also used to evaluate THDI elimination and 

can be seen in Table 3.4.  It was found that when moving in an A to J, left to right order, Method 1 is 

more effective in eliminating THDI. Method 2 is more effective when moving in a J to A, right to left 

order or when compensation is applied in a random order.   
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Comparison of Methods for THDI for compensator input order: 

A TO J 

Comp 
@ A1 A2 DifferenceTHD More Effective 

E 112.695 113.743 1.048 M1 

E,F 97.870 100.264 2.394 M1 

E,F,H 71.022 73.831 2.809 M1 

E,F,H,I 50.802 53.608 2.806 M1 

E,F,H,I,J 1.566 1.356 -0.210 M1≈M2 

J TO A 

Comp 
@ A1 A2 DifferenceTHD More Effective 

J 80.600 78.822 -1.778 M2 

J,I 60.100 57.483 -2.617 M2 

J,I,H 33.010 29.821 -3.189 M2 

J,I,H,F 16.883 14.957 -1.926 M2 

J,I,H,F,E 1.522 1.356 -0.166 M1≈M2 

RANDOM 

Comp 
@ A1 A2 DifferenceTHD More Effective 

J 80.600 78.822 -1.778 M2 

J,H 54.236 52.075 -2.161 M2 

J,H,E 44.445 42.922 -1.523 M2 

J,H,E,F 26.917 27.876 0.959 M2 

J,H,E,F,I 1.548 1.356 -0.192 M1≈M2 
Table 3.4 - Comparison between methods for THDI 
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4 Conclusion 

Evaluation was performed on two different harmonic mitigation methods using PSpice simulation.  

Method I is when an active filter in parallel with a NLL acts as an equivalent resistance and Method II is 

when an active filter in parallel with a NLL is equivalent to the fundamental harmonic of the NLL.  The 

desire was to find which of these methods is more effective at eliminating the current harmonics in a 

power system by looking at the THD in the system.  It was found that Method 1 is more effective at 

minimizing the THDV, Method I was more effective than Method II with each different compensator 

input strategy. Method I was most effective at minimizing THDI when the compensator input strategy 

was in the A to J order, the beginning of the line to the end of the line, and Method II was most effective 

when the compensator input strategy was random and in a J to A order, when the compensators were 

added from the end of the line to the beginning of the line. 
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Appendix A – PSPice Circuit Code 

 

V 1 0 sin(0 8000 60)

R7 F 8 0.028

R1 1 2 0.028 L7 8 G 496u IC=0

L1 2 A 1.4m IC=0 RG G 0 1170MEG

RA A 0 480MEG LG G 0 4.62MEG IC=0

LA A 0 1.75MEG IC=0

R8 G 9 0.042

R2 A 3 0.008 L8 9 H 3058u IC=0

L2 3 B 0.14m IC=0 VDH H H1 0

RB B 0 282meg IH1 H1 0 sin(0 125 60 0 0 -30)

LB B 0 1.21MEG IC=0 IH3 H1 0 sin(0 1.25 180 0 0 40)

IH5 H1 0 sin(0 12.5 300 0 0 -35)

R3 B 4 0.009 IH7 H1 0 sin(0 10 420 0 0 -10)

L3 4 C 1.64m IC=0 IH9 H1 0 sin(0 16.25 540 0 0 20)

RC C 0 213.33MEG RH H 0 237MEG

LC C 0 1.168MEG IC=0 LH H 0 0.316MEG IC=0

 

R4 C 5 0.012 R9 H 10 0.069

L4 5 D 215u IC=0 L9 10 I 1.22m IC=0

RD D 0 183MEG VDI I  I1 0

LD D 0 0.475MEG IC=0 II1 I1 0 sin(0 40 60 0 0 -30)

II3 I1 0 sin(0 2.5 180 0 0 30)

R5 D 6 0.016 II5 I1 0 sin(0 10 300 0 0 -20)

L5 6 E 268u IC=0 II7 I1 0 sin(0 5 420 0 0 20)

VDE E E1 0 II9 I1 0 sin(0 9.375 540 0 0 -40)

IE1 E1 0 sin(0 80 60 0 0 -30) RI I 0 590MEG

IE3 E1 0 sin(0 1.25 180 0 0 25) LI I 0 1.37MEG IC=0

IE5 E1 0 sin(0 10 300 0 0 -35

IE7 E1 0 sin(0 13.75 420 0 0 -40) R10 I 11 0.134 

IE9 E1 0 sin(0 9.375 540 0 0 30) L10 11 J 2.37m IC=0

RE E 0 320MEG VDJ J J1 0

LE E 0 0.979MEG IC=0 IJ1 J1 0 sin(0 28 60 0 0 -30)

IJ3 J1 0 sin(0 5 180 0 0 20)

R6 E 7 0.02 IJ5 J1 0 sin(0 10.625 300 0 0 -40)

L6 7 F 361u IC=0 IJ7 J1 0 sin(0 9.125 420 0 0 35)

VDF F F1 0 IJ9 J1 0 sin(0 18.75 540 0 0 30)

IF1 F1 0 sin(0 70 60 0 0 20) RJ J 0 182MEG

IF3 F1 0 sin(0 13.75 180 0 0 30) LJ J 0 .475MEG IC=0

IF5 F1 0 sin(0 8.75 300 0 0 10)

IF7 F1 0 sin(0 11.25 420 0 0 20) .PROBE

IF9 F1 0 sin(0 6.125 540 0 0 30) .TRAN 5 5 0 100u UIC

RF F 0 960MEG .END

LF F 0 1.49MEG IC=0
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Appendix B – Method 1 for Input Order A to J Data 
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Appendix C – Method 1 for Input Order J to A Data 
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Appendix D – Method 1 for Random Input Order Data 
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Appendix E – Method 2 for Input Order A to J Data 
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Appendix F – Method 2 for Input Order J to A Data 
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Appendix G – Method 2 for Random Input Order Data 
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Appendix H - Method Comparison of THDV for A to J Input Order 
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Appendix I - Method Comparison of THDV for J to A Input Order 
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Appendix J - Method Comparison of THDV for Random Input Order 

 



xxiv 
 

 



xxv 
 

 



xxvi 
 

 

  



xxvii 
 

Appendix K - Method Comparison for THDI for A to J Input Order 

 



xxviii 
 

 



xxix 
 

 



xxx 
 

 

  



xxxi 
 

Appendix L – Method Comparison of THDI for J to A Input Order 
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Appendix M – Method Comparison of THDI for Random Input Order 
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